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This paper is a practical study of how to implement the Quicksort sorting algorithm and its best variants on real computers, including how to apply various code optimization techniques. A detailed implementation combining the most effective improvements to Quicksort is given, along with a discussion of how to implement it in assembly language. Analytic results describing the performance of the programs are summarized. A variety of special situations are considered from a practical standpoint to illustrate Quicksort's wide applicability as an internal sorting method which requires negligible extra storage.







                    References
                

	1 Boothroyd, J. Sort of a section of the elements of an array by determining the rank of each element: Algorithm 25; and Ordering the subscripts of an array section according to the magnitudes of the elements: Algorithm 26. Comptr. J. 10 (Nov. 1967), 308-310. (See notes by R.S. Scowen in Comptr. J. 12 (Nov. 1969), 408-409, and by A.D. Woodall in Comptr. J. 13 (Aug. 1970.)Google Scholar[image: Google Scholar]
	2 Brawn, B.S., Gustavson, F.G., and Mankin, E. Sorting in a paging environment. Comm. ACM 13, 8 (Aug. 1970), 483-494.  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	3 Cocke, J., and Schwartz, J.T. Programming languages and their compilers. Preliminary Notes. Courant Inst. of Math. Sciences, New York U., New York, 1970. Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	4 Frazer, W.D., and McKellar, A.C. Samplesort: A sampling approach to minimal storage tree sorting. J. ACM 17, 3 (July 1970), 496-507.  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	5 Hoare, C.A.R. Partition: Algorithm 63; Quicksort: Algorithm 64; and Find: Algorithm 65. Comm. ACM 4, 7 (July 1961), 321-322. (See also certification by J.S. Hillmore in Comm. ACM 5, 8 (Aug. 1962), 439, and B. Randell and L.J. Russell in Comm. A CM 6, 8 (Aug. 1963), 446.)  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	6 Hoare, C.A.R. Quicksort. Computer J. 5, 4 (April 1962), 10-15.Google Scholar[image: Google Scholar]Cross Ref[image: Cross Ref]
	7 Knuth, D.E. The Art of Computer Programming, VoL 1: Fundamental Algorithms. Addison-Wesley, Mass., 1968. Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	8 Knuth, D.E. The Art of Computer Programming, Vol. 2: Seminumerical Algorithms. Addison-Wesley, Mass., 1969. Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	9 Knuth, D.E. The Art of Computer Programming, Vol. 3: Sorting and Searching. Addison-Wesley, Mass., 1972. Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	10 Knuth, D.E. Structured programming with go to statements. Computing Surveys 6, 4 (Dec. 1974), 261-301.  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	11 Loeser, R. Some performance tests of "quicksort" and descendants. Comm. ACM 17, 3 (March 1974), 143-152.  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	12 Morris, R. Some theorems on sorting. SlAM J. Appl. Math. 17, 1 (Jan. 1969), I-6.Google Scholar[image: Google Scholar]Cross Ref[image: Cross Ref]
	13 Rich, R.P. Internal Sorting Methods Illustrated with PL/I Progams. Prentice-Hall, Englewood Cliffs, N.J., 1972.Google Scholar[image: Google Scholar]
	14 Scowen, R.S. Quickersort: Algorithm 271. Comm. ACM 8, 11 (Nov. 1965), 669-670. (See also certification by C.R. Blair in Comm. ACM 9, 5 (May 1966), 354.)  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	15 Sedgewick, R. Quicksort. Ph.D. Th. Stanford Comptr. Sci. Rep. STAN-CS-75-492, Stanford U., Stanford, Calif., May 1975.Google Scholar[image: Google Scholar]
	16 Sedgewick, R. Quicksort with equal keys. Siam J. Comput. 6, 2 (June 1977), 240-287.Google Scholar[image: Google Scholar]Cross Ref[image: Cross Ref]
	17 Sedgewick, R. The analysis of Quicksort programs. Acta Informatica 7 (1977), 327-355.Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	18 Singleton, R.C. An efficient algorithm for sorting with minimal storage: Algorithm 347. Comm. ACM 12, 3 (March 1969), 185-187. (See also remarks by R. Griffin and K.A. Redish in Comm. ACM 13, l (Jan. 1970), 54 and by R. Peto, Comm. ACM 13, l0 (Oct. 1970), 624.)  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	19 Stone, H.S. Sorting on STAR. IEEE Trans. Software Eng. SE-4, 2 (Mar. 1978), 138-146.Google Scholar[image: Google Scholar]
	20 van Emaen, M.N. Increasing the efficiency of quicksort: Algorithm 402. Comm. ACM 13, 11 (Nov. 1970), 693-694. (See also the article by the same name in Comm. ACM 13, 9 (Sept. 1970), 563-567.)  Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]
	21 Wirth, N. Algorithms + Data Structures = Programs. Prentice- Hall, Englewood Cliffs, N.J., 1976. Google Scholar[image: Google Scholar]Digital Library[image: Digital Library]



  
    
      Cited By
View all
    

      [image: ]

      

  















    
    
        
        



        
        









    
    
        
        



        
        Index Terms


        

    


	Implementing Quicksort programs
	Software and its engineering

	Software notations and tools

	Compilers







	Theory of computation

	Design and analysis of algorithms

	Data structures design and analysis

	Sorting and searching














        

    











    
    
        
        



        
        

        

    





        
         Recommendations
 





        
        	GPU-Quicksort: A practical Quicksort algorithm for graphics processors

		In this article, we describe GPU-Quicksort, an efficient Quicksort algorithm suitable for highly parallel multicore graphics processors. Quicksort has previously been considered an inefficient sorting solution for graphics processors, but we show that ...


Read More


	Some performance tests of “quicksort” and descendants

		Detailed performance evaluations are presented for six ACM algorithms: quicksort (No. 64), Shellsort (No. 201), stringsort (No. 207), “TREESORT3” (No. 245), quickersort (No. 271), and qsort (No. 402). Algorithms 271 and 402 are refinements of algorithm ...


Read More


	Optimal Partitioning for Dual-Pivot Quicksort

		Dual-pivot quicksort refers to variants of classical quicksort where in the partitioning step two pivots are used to split the input into three segments. This can be done in different ways, giving rise to different algorithms. Recently, a dual-pivot ...


Read More















    
    
        
        



        
        









    
    
        
        



        
        

        

    



        

    





        
        



        
         Comments
 





        
        
Please enable JavaScript to view thecomments powered by Disqus.








        
        Login options
Check if you have access through your login credentials or your institution to get full access on this article.
Sign in

Full Access
Get this Article





	Information
	Contributors

	Published in










    
    
        
        



        
        [image: cover image Communications of the ACM]
Communications of the ACM  Volume 21, Issue 10
Oct. 1978
76  pages
ISSN:0001-0782
EISSN:1557-7317
DOI:10.1145/359619
	Editor: 
	[image: Author Picture]Robert L. AshenhurstThe Univ. of Chicago, Chicago, IL




Issue’s Table of Contents





        

    

Copyright © 1978 ACM
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from [email protected]


Sponsors


In-Cooperation


Publisher

Association for Computing Machinery
New York, NY, United States













    
    
        
        



        
            
                Publication History
            

        
        	Published: 1 October 1978




        

    





        
        



        
         Permissions
Request permissions about this article.
Request Permissions



Check for updates
[image: Check for updates on crossmark]


Author Tags
	Quicksort
	analysis of algorithms
	code optimization
	sorting





Qualifiers
	article


Conference

Funding Sources




	



        
        [image: ]






Other Metrics
View Article Metrics






	Bibliometrics
	Citations200

	Article Metrics
	200
Total Citations
View Citations
	6,454
Total Downloads


	Downloads (Last 12 months)673
	Downloads (Last 6 weeks)88



Other Metrics
View Author Metrics



	Cited By
View all







PDF Format
View or Download as a PDF file.
PDF

eReader
View online with eReader.
eReader

Digital Edition
View this article in digital edition.
View Digital Edition





	Figures
	Other

	
	







Share this Publication link
https://dl.acm.org/doi/10.1145/359619.359631
Copy Link


Share on Social Media




        
        
Share on	
	
	
	
	











	
	
	
	0References
	
	
	






Close Figure Viewer

Browse AllReturnChange zoom level







Caption









        

    





        
        View Issue’s Table of Contents





        
        Export Citations



Select Citation formatBibTeX
EndNote
ACM Ref


	Please download or close your previous search result export first before starting a new bulk export.
Preview is not available.
By clicking download,a status dialog will open to start the export process. The process may takea few minutes but once it finishes a file will be downloadable from your browser. You may continue to browse the DL while the export process is in progress.
Download

	

	Download citation
	Copy citation















        

    





        
        



        
        Footer





        
        
    






        
        









    
    
        
        



        
        



        
        









    
    
        
        



        
        Categories

	Journals
	Magazines
	Books
	Proceedings
	SIGs
	Conferences
	Collections
	People



        

    












    
    
        
        



        
        About

	About ACM Digital Library
	ACM Digital Library Board
	Subscription Information
	Author Guidelines
	Using ACM Digital Library
	All Holdings within the ACM Digital Library
	ACM Computing Classification System
	Digital Library Accessibility



        

    












    
    
        
        



        
        Join

	Join ACM
	Join SIGs
	Subscribe to Publications
	Institutions and Libraries



        

    












    
    
        
        



        
        Connect

	Contact
	Facebook
	Twitter
	Linkedin
	Feedback
	Bug Report



        

    






        

    













    
    
        
        



        
        



        
        The ACM Digital Library is published by the Association for Computing Machinery. Copyright © 2024 ACM, Inc.

	Terms of Usage
	Privacy Policy
	Code of Ethics







        
        









    
    
        
        



        
        [image: ACM Digital Library home]

        

    











    
    
        
        



        
        [image: ACM home]

        

    








        

    





        
        





        
        




        
        




        
        




        
        



    

    

    
        
    






        
        





        
        Your Search Results Download Request 
We are preparing your search results for download ...
We will inform you here when the file is ready.
Download now!

Your Search Results Download Request

Your file of search results citations is now ready.
Download now!

Your Search Results Download Request
Your search export query has expired. Please try again.



        

    



	
    


















    








    

    
    

    
    
    
    
        
            
                
            
            
            
        
    



