


    

    









skip to main content    
        




        
        









    
    
        
        



        
        









    
    
        
        



        
        









    
    
        
        



        
        

        

    











    
    
        
        



        
        

        

    












    
    
        
        



        
        	



        
        Advanced Search

	



        
        Browse

	



        
        About

	



        
        




    








    
    
        





    












    	
            
                Sign in
            
        
	
            
                
                
                    
                        Register
                    
                
            
        







    






        

    




        

    











    
    
        
        



        
        
	

	Advanced Search
	Journals
	Magazines
	Proceedings
	Books
	SIGs
	Conferences
	People
	

	More

	







        
        Search ACM Digital Library

SearchSearch






        
        Advanced Search








        

    





        
        Journal of the ACM
	Journal Home
	Just Accepted
	Latest Issue
	
	Archive
	Authors
	Preparation and Submission of Manuscripts
	P/NP Policy
	Criteria for Acceptance
	Submission Procedure
	Submission Site
	ACM Author Policies



	Editors
	Editorial Board
	Editorial Board Alumni
	Associate Editors Welcome Video



	Reviewers
	Information and Guidelines
	Submission Site



	About
	About JACM
	Announcements
	Abstracting/Indexing
	JACM Author List
	JACM Affiliations
	ACM Award Winners
	History



	Contact Us
	More











        
        
    
        

    





















    
    
        
        



        
        



        
        	Home
	ACM Journals
	Journal of the ACM
	Vol. 62, No. 5
	Subexponential Algorithms for Unique Games and Related Problems





        

    




        
    













    
    
        
        



        
        









    
    
        
        



        
        
research-article 



        
        
Share on	
	
	
	
	





Subexponential Algorithms for Unique Games and Related Problems

  	Authors: 
	 Sanjeev Arora
 Princeton University
 
  Princeton University
View Profile
 
,
	 Boaz Barak
 Microsoft Research New England
 
  Microsoft Research New England
View Profile
 
,
	 David Steurer
 Cornell University
 
  Cornell University
View Profile
 
 

Authors Info & Claims 
 
 Journal of the ACMVolume 62Issue 5Article No.: 42pp   1–25https://doi.org/10.1145/2775105

Published:02 November 2015Publication History




        
        
	31citation
	720
	Downloads

Metrics
Total Citations31
Total Downloads720
Last 12 Months63
Last 6 weeks10



	Get Citation AlertsNew Citation Alert added!

This alert has been successfully added and will be sent to:
You will be notified whenever a record that you have chosen has been cited.

To manage your alert preferences, click on the button below.
Manage my Alerts

New Citation Alert!

Please log in to your account






	
	
	Publisher Site

	
	Get Access









Journal of the ACM
Volume 62, Issue 5




        
        





        
        PreviousArticleNextArticle














Skip Abstract SectionAbstract

Subexponential time approximation algorithms are presented for the Unique Games and Small-Set Expansion problems. Specifically, for some absolute constant c, the following two algorithms are presented.
(1) An exp(knϵ)-time algorithm that, given as input a k-alphabet unique game on n variables that has an assignment satisfying 1-ϵc fraction of its constraints, outputs an assignment satisfying 1-ϵ fraction of the constraints.
(2) An exp(nϵ/δ)-time algorithm that, given as input an n-vertex regular graph that has a set S of δn vertices with edge expansion at most ϵc, outputs a set S' of at most δ n vertices with edge expansion at most ϵ.
subexponential algorithm is also presented with improved approximation to Max Cut, Sparsest Cut, and Vertex Cover on some interesting subclasses of instances. These instances are graphs with low threshold rank, an interesting new graph parameter highlighted by this work.
Khot's Unique Games Conjecture (UGC) states that it is NP-hard to achieve approximation guarantees such as ours for Unique Games. While the results here stop short of refuting the UGC, they do suggest that Unique Games are significantly easier than NP-hard problems such as Max 3-Sat, Max 3-Lin, Label Cover, and more, which are believed not to have a subexponential algorithm achieving a nontrivial approximation ratio.
Of special interest in these algorithms is a new notion of graph decomposition that may have other applications. Namely, it is shown for every ϵ >0 and every regular n-vertex graph G, by changing at most δ fraction of G's edges, one can break G into disjoint parts so that the stochastic adjacency matrix of the induced graph on each part has at most nϵ eigenvalues larger than 1-η, where η depends polynomially on ϵ. The subexponential algorithm combines this decomposition with previous algorithms for Unique Games on graphs with few large eigenvalues [Kolla and Tulsiani 2007; Kolla 2010].
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