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        Skip Abstract SectionAbstract
		Charles Antony Richard Hoare is one of the most productive and prolific computer scientists. This volume contains a selection of his published papers. There is a need, as in a Shakespearian Chorus, to offer some apology for what the book manifestly fails to achieve. It is not a complete 'collected works'. Selection between papers of this quality is not easy and, given the book's already considerable size, some difficult decisions as to what to omit have had to be made. Pity the editor weighing the choice between a seminal paper, perhaps widely republished, and a lesser known gem overtaken by subsequent developments. The only defence that can be offered is to reassure the reader that Tony Hoare was consulted.
 The paper published as Chapter 1 is so placed because it provides biographical context. With this exception, the papers appear in chronological order of main publication.
 Each paper is introduced by 'link material'. Here again, there is need (at least) for explanation: how can one embellish such papers? The idea behind the link material is to record things which could not have been written in the original paper. Sometimes, it is possible to explain better the context in which a paper was conceived; the subsequent development of the ideas introduced can only be written with hindsight. Apart from these inputs, the papers speak so well for themselves that it has been possible to keep the link material brief. Because the editor's text varies in length, the (abstract and) paper follow immediately rather than being laid out on separate pages. In order to avoid confusion, the link material is set in a smaller fount. Again to assuage the reader's doubts, Hoare does have the last word in the Postscript.
 An attempt has been made to trace some of the key dates of drafts, submissions, etc. leading up to publication. For a scientist who points out that 'writing the paper is my method of research' this is both necessary and difficult. Some of Hoare's papers go through many drafts which are circulated to colleagues (sometimes changing title, sometimes using the same title on a complete rewrite.) A complete historiography has not been attempted. In particular, many of Hoare's papers have been reprinted (sometimes in several places): normally, only the first source is given.
 With some caution, Hoare's work can be divided under a number of headings. These themes are not disjoint, the whole output comes from a single person. Hoare's work on language definition is seen in Chapters 3, 13, 14, 16 (and also, to a lesser extent, in Chapters 11, 12); his contribution to methods of reasoning about programs is covered in Chapters 4-6, 8, 9, 11, 12, 14, 15, 17, 19, 20; his seminal work on parallelism can be traced through Chapters 10, 12, 15-17. Amidst writing these, often difficult, papers Hoare has produced a number of articles aimed at a wider audience: here, Chapters 1, 2, 7, 18, 21, 22 represent this form of his writing.
 The papers themselves have all been re-typeset and only minimal changes have been made. The form of references to other publications has been made uniform and all references have been collected at the end of this volume. In order to provide a useful snapshot, all papers by Hoare (even if there are co-authors) have been gathered into a separate list of references. (Except where they are referred to, Technical Reports etc. are not included: only true 'publications' are listed.) The form of reference to these is '[72]' or 'Hoare([72] )', the list being ordered, and numbers accordingly assigned, on a chronological basis. (This results in the use of 'Hoare' as a key even where the article lists a co-author before Hoare. No disrespect to his erstwhile colleagues is intended.) The other list of references gives works to which Hoare has not contributed. It is listed alphabetically, and references take the form 'Dijksta (1976)', with a, b etc. to distinguish publications in the same year.
 The editor and the publishers acknowledge, with thanks, permission to reprint the copyrighted articles in this book that have been published in various journals, proceedings, and books. Individual credits, with details of the sources of the papers, are given as a footnote to each chapter opening.
 The task of editing these essays has been most rewarding. The fact that it did not become a burden is largely thanks to the support I have received. I should like to thank Julie Hibbs who has typed and controlled the evolving book; Alison McCauley undertook all of the bibliographic research with real enthusiasm. Thanks are also due to the staff at Prentice Hall International who provided enormous support and encouragement. I am also very grateful to those other computer scientists who have offered advice and/or references. In particular I should like to thank John Reynolds, Jim Horning, Bob Tennant, Brian Randell, David Gries, and Jim King. Finally, I should like to thank Tony Hoare, with whom co-operation is always so stimulating.
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         This volume contains a selection of C. A. R. Hoare's published papers. Some of them are widely known or even were published on more than one occasion. The original versions of some others cannot be found easily; they are made available to a wider audience only by this book.  
 The papers, selected by C. B. Jones, demonstrate Hoare's contribution to the evolution of methods of reasoning about programs. Twelve of the 22 chapters cover this topic. His work on language definition and his seminal work on parallelism are each seen in about five chapters. Finally, the book includes five papers that are aimed at a wider audience; they concern the role of computer science and especially the importance of formal methods in program construction.  
 The book contains the following papers.  
 
    
     :9N(1)The Emperor's Old Clothes    (2)Quicksort    (3)A Contribution to the Development of ALGOL (See  
      
        10, 1 (Jan. 1969), Rev. 15,980.)  
         (4)An Axiomatic Basis for Computer Programming (See  
        
          11, 1 (Jan. 1970), Rev. 18,328.)  
           (5)Proof of a Program: 
          
            Find (See  
           
             12, 12 (Dec. 1971), Rev. 22,296.)  
              (6)Procedures and Parameters: An Axiomatic Approach (See  
             
               13, 8 (Aug. 1972), Rev. 23,647.)  
                (7)Computer Science    (8)Proof of Correctness of Data Representations    (9)Proof of a Structured Program: The Sieve of Eratosthenes    (10)A Structured Paging System (See  
                  
                    15, 3 (March 1974), Rev. 26,531.)  
                     (11)An Axiomatic Definition of the Programming Language Pascal    (12)Monitors: An Operating System Structuring Concept (See  
                     
                       16, 4 (Apr. 1975), Rev. 28,126.)  
                        (13)Hints on Programming-Language Design    (14)Recursive Data Structures (See  
                        
                          16, 11 (Nov. 1975), Rev. 29,165.)  
                           (15)Parallel Programming: An Axiomatic Approach    (16)Communicating Sequential Processes    (17)A Calculus of Total Correctness for Communicating Sequential Processes (See  
                            
                              23, 8 (Aug. 1982), Rev. 39,642.)  
                               (18)Programming Is an Engineering Profession    (19)A Couple of Novelties in the Propositional Calculus    (20)Programs Are Predicates (See  Rev. 8602-0132.)    (21)The Mathematics of Programming    (22)An Overview of Some Formal Methods for Program Design    The book starts with Hoare's Turing Award lecture of 1980. All the other papers appear in chronological order of main publication, thus giving a lot of insight into the evolution of our field. The editor supports this insight by adding an introductory remark to each paper, explaining the context in which it was conceived or indicating its influence on subsequent developments. Chapters 7, 21, and 22 provide a good example: they allow the reader to compare the evolution of Hoare's views of how to successfully construct efficient and elegant programs. In 1971, he focused on the requirements; 15 years later, he could offer a solution: “the skills of our best programmers will be even more effective when exercised within the framework of an understanding and application of the relevant mathematical principles.” Another good example is the relative weight given to debugging in chapter 13, which clearly changed as the result of later research.    This development manifests itself particularly in the chapters dedicated to methods of reasoning about programs. The paper reproduced as chapter 4 was the most important stimulus to the work on axiomatic semantics. A lot of work started from this seminal paper, which introduced the idea of viewing a program as a predicate transformer. Chapter 5 then presents a thorough proof of the correctness of a particular program, whereas the next chapter considers the impact of this approach on defining new programming languages. In chapter 8, data abstraction is considered to be a key point in developing correct programs. In this chapter as well as in the next, Hoare makes a point of separating the proof of the (more abstract) algorithm from the proof of the concrete data representation. The joint paper with Wirth on the axiomatic definition of Pascal (chapter 11) can be regarded as a summary of how to tackle imperative languages by this approach. Three of the later chapters should also be mentioned in this context. Chapter 14 shows how programming languages can avoid the low-level concept of pointers. (Unfortunately, this paper did not have enough influence on the definition of languages like Ada.) Chapter 19, which is not widely known in the computer science community because it originally appeared in a mathematical publication, presents surprisingly elegant algebraic properties of conditionals. Finally, a new view is proposed in chapter 20, where Hoare no longer treats programs as predicate transformers, but as predicates.   This sequence of steps toward program correctness would be incomplete if the book did not include some chapters on parallel processes. Discussion of this topic starts with the paper describing a structured paging system (chapter 10). Chapter 12 reprints Hoare's widely known paper introducing monitors, which not only extended the structured programming approach to process systems but also defined some standard examples that have become test cases for languages as well as for formal methods. These ideas are carried on in chapters 15 and 17, where Hoare proves that processes satisfy assertions on what happens along the channels.   Hoare has given many lectures aimed at a wider audience. This volume includes not only his Turing Award lecture, but also his inaugural lectures at both Belfast University (chapter 7) and Oxford University (chapter 21). Chapters 18 and 22 are concerned with examining the engineering component of computer science and, of course, the role of formal methods therein.   Moreover, this volume contains one of Hoare's first papers, on the invention of the Quicksort algorithm. It also includes a complete bibliography. Instead of a conclusion, Hoare has added an essay on how to write good papers. It should be put on the reading list of all postgraduate curricula.   Hoare was elected to receive the ACM Turing Award “for his fundamental contributions to the definition and design of programming languages. His work is characterized by an unusual combination of insight, originality, elegance, and impact” [1]. The book reflects this; each computer scientist should always have it at hand.   The papers have been re-typeset and the references have been made uniform. The book contains only a very small number of misprints. An amusing one is found in the editorial remark introducing chapter 6, where a set of rules is mentioned “which were easy to check statistically” (instead of “statically”).                   
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