

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




		
			
				
					
                

    
        

                        

	
		
			
				
				
					
					
				
			

			
				
				
			
		

	






                            
                        


                        


    




                            
                        





        Skip to main content



    
        
            
            
                    
                        
                        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
                        
                
            

        

        
        
    

    





    

        


    
				

					


	
		
	
	
		
					

		
		
			
			
				
				
					
					
						
							
							

Singularity


						

					

				

			

		

	





	

		
				
					
							Overview					
				
	
					
							Publications					
				


		
		
									
							
OS and tools for building dependable systems. The Singularity research codebase and design evolved to become the Midori advanced-development OS project. While never reaching commercial release, at one time Midori powered all of Microsoft’s natural language search service for the West Coast and Asia.


“…it is impossible to predict how a singularity will affect objects in its causal future.” – NCSA Cyberia Glossary (opens in new tab)


What’s New?


The Singularity Research Development Kit (RDK) 2.0 is available for academic non-commercial use. You can download it from CodePlex, Microsoft’s open source project hosting website, here (opens in new tab).


Our article in Operating Systems Review, Singularity: Rethinking the Software Stack, is a concise introduction to the Singularity project.




	
			
				
					Overview				
			

			
				
					

Singularity was a multi-year research project focused on the construction of dependable systems through innovation in the areas of systems, languages, and tools. We built a research operating system prototype (called Singularity), extended programming languages, and developed new techniques and tools for specifying and verifying program behavior.









Advances in languages, compilers, and tools open the possibility of significantly improving software. For example, Singularity uses type-safe languages and an abstract instruction set to enable what we call Software Isolated Processes (SIPs). SIPs provide the strong isolation guarantees of OS processes (isolated object space, separate GCs, separate runtimes) without the overhead of hardware-enforced protection domains. In the current Singularity prototype SIPs are extremely cheap; they run in ring 0 in the kernel’s address space. Singularity uses these advances to build more reliable systems and applications. For example, because SIPs are so cheap to create and enforce, Singularity runs each program, device driver, or system extension in its own SIP. SIPs are not allowed to share memory or modify their own code. As a result, we can make strong reliability guarantees about the code running in a SIP. We can verify much broader properties about a SIP at compile or install time than can be done for code running in traditional OS processes. Broader application of static verification is critical to predicting system behavior and providing users with strong guarantees about reliability. 

				

			

		
	
			
				
					Presentations				
			

			
				
					
	Singularity: A research OS written in C# (opens in new tab), Channel 9 (opens in new tab) video and blog, Redmond, WA, August 23, 2005.
	Singularity Revisited (opens in new tab), Channel 9 (opens in new tab) video and blog, Redmond, WA, December 13, 2005.
	Singularity III: Revenge of the SIP (opens in new tab), Channel 9 (opens in new tab) video and blog, Redmond, WA, September 1, 2006.
	Singularity IV: Return of the UI (opens in new tab), Channel 9 (opens in new tab) video and blog, Redmond, WA, September 1, 2006.
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