

				
		
	Skip to Header
	Skip to Search
	Skip to Content
	Skip to Footer




		
			
				
					
                

    
        

                        

	
		
			
				[image: ]
				
					
					
				
			

			
				
				
			
		

	






                            
                        


                        


    




                            
                        





        Skip to main content



    
        
            
            
                    
                        [image: ]
                        Microsoft
                    
            
                
                Research
                
            

                    
                        
                                Research
                        
                    

                
                        
                            Research
                        
                




                    
            	
                         Home 
                    
	
                            
                                Our research

                                	

    Resources
    Resources
    	
            Publications
            
        
	
            Code & datasets
            
        
	
            People
            
        
	
            Microsoft Research blog
            
        
	
            Webinars & tutorials
            
        


    

	

    Research areas: Intelligence
    Research areas: Intelligence
    	
            Artificial intelligence
            
        
	
            Audio & acoustics
            
        
	
            Computer vision
            
        
	
            Graphics & multimedia
            
        
	
            Human-computer interaction
            
        
	
            Human language technologies
            
        
	
            Search & information retrieval
            
        


    

	

    Research areas: Systems
    Research areas: Systems
    	
            Data platforms and analytics
            
        
	
            Hardware & devices
            
        
	
            Programming languages & software engineering
            
        
	
            Quantum computing
            
        
	
            Security, privacy & cryptography
            
        
	
            Systems & networking
            
        


    

	

    Research areas: Theory
    Research areas: Theory
    	
            Algorithms
            
        
	
            Mathematics
            
        


    

	

    Research areas: Other Sciences
    Research areas: Other Sciences
    	
            Ecology & environment
            
        
	
            Economics
            
        
	
            Medical, health & genomics
            
        
	
            Social sciences
            
        
	
            Technology for emerging markets
            
        


    



                            

                        
	
                            
                                Programs & events

                                	

    Academic Programs
    Academic Programs
    	
            Overview
            
        
	
            Programs for faculty
            
        
	
            Programs for students
            
        
	
            Collaborations
            
        


    

	

    Events & conferences
    Events & conferences
    	
            Events & academic conferences
            
        
	
            Webinars & tutorials
            
        


    



                            

                        
	
                            
                                Blogs & podcasts

                                	
            Microsoft Research blog
            
        
	
            Microsoft Research podcast
            
        
	
            Behind the Tech podcast
            
        


                            

                        
	
                            
                                About

                                	

    People & news
    People & news
    	
            About Microsoft Research
            
        
	
            Careers & internships
            
        
	
            People
            
        
	
            Emeritus program
            
        
	
            News & awards
            
        
	
            Microsoft Research newsletter
            
        


    

	

    Microsoft Research Labs
    Microsoft Research Labs
    	
            AI4Science
            
        
	
            AI Frontiers
            
        
	
            Asia Lab (Chinese)
            
        
	
            Asia Lab (English)
            
        
	
            Cambridge
            
        
	
            Health Futures
            
        
	
            India
            
        
	
            Montreal
            
        
	
            New England
            
        
	
            New York City
            
        
	
            Redmond
            
        


    

	

    Other labs
    Other labs
    	
            Applied Sciences
            
        
	
            Mixed Reality & AI - Cambridge
            
        
	
            Mixed Reality & AI - Zurich
            
        


    



                            

                        
	
                        
        More
        

    


                
	
                        Sign up: Research Newsletter
                    


            
        


            
                        
            	
                    
                         All Microsoft
                        	
            Global

            	
            Microsoft Security
            
        
	
            Azure
            
        
	
            Dynamics 365
            
        
	
            Microsoft 365
            
        
	
            Microsoft Teams
            
        
	
            Windows 365
            
        


        
	

    Tech & innovation
    Tech & innovation
    	
            Microsoft Cloud
            
        
	
            AI
            
        
	
            Azure Space
            
        
	
            Mixed reality
            
        
	
            Microsoft HoloLens
            
        
	
            Microsoft Viva
            
        
	
            Quantum computing
            
        
	
            Sustainability
            
        


    

	

    Industries
    Industries
    	
            Education
            
        
	
            Automotive
            
        
	
            Financial services
            
        
	
            Government
            
        
	
            Healthcare
            
        
	
            Manufacturing
            
        
	
            Retail
            
        
	
            All industries
            
        


    

	

    Partners
    Partners
    	
            Find a partner
            
        
	
            Become a partner
            
        
	
            Partner Network
            
        
	
            Find an advertising partner
            
        
	
            Become an advertising partner
            
        
	
            Azure Marketplace
            
        
	
            AppSource
            
        


    

	

    Resources
    Resources
    	
            Blog
            
        
	
            Microsoft Advertising
            
        
	
            Developer Center
            
        
	
            Documentation
            
        
	
            Events
            
        
	
            Licensing
            
        
	
            Microsoft Learn
            
        
	
            Microsoft Research
            
        


    

	
                                    View Sitemap
                                


                    

                


        


                            
                                
                                    
                                        Search
                                        Search Microsoft Research
                                    
                                
                                    

                                    	 No results


                                

                                
                            

                        
                            Cancel
                        
                
            

        

        
        
    

    





    

        


    
				

					




	
		Composition: A Way to Make Proofs Harder


		
			
				
					
				
							
					Leslie Lamport
				
								


	

	
		
			
			Compositionality: The Significant Difference (Proceedings of the COMPOS'97 Symposium), Willem-Paul de Roever, Hans Langmaack, and Amir Pnueli editors. Lecture Notes in Computer Science.
					
	

	 | December 1997





				

			

							
																Download BibTex
									

					

		
			
				
					
					
						Systems are complicated. We master their complexity by building them from simpler components. This suggests that to master the complexity of reasoning about systems, we should prove properties of the separate components and then combine those properties to deduce properties of the entire system. In concurrent systems, the obvious choice of component is the process. So, compositional reasoning has come to mean deducing properties of a system from properties of its processes.

I have long felt that this whole approach is rather silly. You don’t design a mutual exclusion algorithm by first designing the individual processes and then hoping that putting them together guarantees mutual exclusion. Similarly, anyone who has tried to deduce mutual exclusion from properties proved by considering the processes in isolation knows that it’s the wrong way to approach the problem. You prove mutual exclusion by finding a global invariant, and then showing that each process’s actions maintains the invariant. TLA makes the entire reasoning process completely mathematical–the specifications about which one reasons are mathematical formulas, and proving correctness means proving a single mathematical formula. A mathematical proof is essentially decompositional: you apply a deduction rule to reduce the problem of proving a formula to that of proving one or more simpler formulas.

This paper explains why traditional compositional reasoning is just one particular, highly constrained way of decomposing the proof. In most cases, it’s not a very natural way and results in extra work. This extra work is justified if it can be done by a computer. In particular, decomposition along processes makes sense if the individual processes are simple enough to be verified by model checking. TLA is particularly good for doing this because, as illustrated by [119], it allows a great deal of flexibility in choosing what constitutes a process.
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