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Today, abstract interpretation is capable of inferring a wide variety of quantifier-free program invariants. In this paper, we describe a general technique for building powerful quantified abstract domains that leverage existing quantifier-free domains. For example, from a domain that abstracts facts like “a[1] = 0”, we automatically construct a domain that can represent universally quantified facts like “Forall i: (0 A[i]=0)”. The principal challenge in building such a domain is that, while most domains supply over-approximations of operations like join, meet, and variable elimination, working with the guards of quantified facts requires under-approximation. A crucial component of our approach is an automatic technique to convert the standard over-approximation operations provided with all domains into sound under-approximations. The correctness of our abstract interpreters is established by identifying two lattices–one that establishes the soundness of the abstract interpreter and another that defines its precision, or completeness. Despite the computational intractability of inferring quantified facts in general, we prove that the analyses we generate are complete relative to a very natural partial order. Using our generic construction, we build a number of abstract interpreters on top of domains for linear arithmetic, uninterpreted function symbols (used to model heap accesses), and pointer reachability. Our experiments on a variety of programs using arrays and pointers (including several sorting algorithms) demonstrate the feasibility of the approach on challenging examples.





Opens in a new tab					


					
					
									

			


			
									
						Publication					
				
									
						
							Projects						

						
								
										
											Logical Abstract Interpretation										
									


						
					
									
						
							Research Areas						

						
								
										
											Algorithms										
									


						
					
							
		

	


	


	
		
			
				
					
						
							Follow us:						

							
								
									Follow on Twitter
									
										
									
								
							
	
								
									Like on Facebook
									
										
									
								
							
	
								
									Follow on LinkedIn
									
										
									
								
							
	
								
									Subscribe on Youtube
									
										
									
								
							
	
								
									Follow on Instagram
									
										
									
								
							
	
								
									Subscribe to our RSS feed
									
										
									
								
							


					

				


				
					
						
							Share this page:						

							
								
								
									Share on Twitter
									
										
									
								
							
	
								
									Share on Facebook
									
										
									
								
							
	
								
									Share on LinkedIn
									
										
									
								
							
	
								
									Share on Reddit
									
										
									
								
							


					


				

			

		

	



		
			

		


		


		
		
			
                

    
        




        
            
                
                    
                        What's new

                        	
                                Surface Laptop Studio 2
                            
	
                                Surface Laptop Go 3
                            
	
                                Surface Pro 9
                            
	
                                Surface Laptop 5
                            
	
                                Microsoft Copilot
                            
	
                                Copilot in Windows
                            
	
                                Explore Microsoft products
                            
	
                                Windows 11 apps
                            


                        
                    

                    
                        Microsoft Store

                        	
                                Account profile
                            
	
                                Download Center
                            
	
                                Microsoft Store support
                            
	
                                Returns
                            
	
                                Order tracking
                            
	
                                Certified Refurbished
                            
	
                                Microsoft Store Promise
                            
	
                                Flexible Payments
                            


                        
                    

                    
                        Education

                        	
                                Microsoft in education
                            
	
                                Devices for education
                            
	
                                Microsoft Teams for Education
                            
	
                                Microsoft 365 Education
                            
	
                                How to buy for your school
                            
	
                                Educator training and development
                            
	
                                Deals for students and parents
                            
	
                                Azure for students
                            


                        
                    

                

                
                    
                        Business

                        	
                                Microsoft Cloud
                            
	
                                Microsoft Security
                            
	
                                Dynamics 365
                            
	
                                Microsoft 365
                            
	
                                Microsoft Power Platform
                            
	
                                Microsoft Teams
                            
	
                                Copilot for Microsoft 365
                            
	
                                Small Business
                            


                        
                    

                    
                        Developer & IT

                        	
                                Azure
                            
	
                                Developer Center
                            
	
                                Documentation
                            
	
                                Microsoft Learn
                            
	
                                Microsoft Tech Community
                            
	
                                Azure Marketplace
                            
	
                                AppSource
                            
	
                                Visual Studio
                            


                        
                    

                    
                        Company

                        	
                                Careers
                            
	
                                About Microsoft
                            
	
                                Company news
                            
	
                                Privacy at Microsoft
                            
	
                                Investors
                            
	
                                Diversity and inclusion
                            
	
                                Accessibility
                            
	
                                Sustainability
                            


                        
                    

                

        
    
        
            
        
            



Your Privacy Choices
    

        
                
        
            
Your Privacy Choices
    

        
            
        Consumer Health Privacy
    

        
            	
                    Sitemap
                
	
                    Contact Microsoft
                
	
                    Privacy 
                
	
                    Manage cookies
                
	
                    Terms of use
                
	
                    Trademarks
                
	
                    Safety & eco
                
	
                    Recycling
                
	
                    About our ads
                
	© Microsoft 2024


        
    
    









    
        

    		

		
		

			
	
























	