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I. Background

In our CS 2 course, we stress program correctness, formal specification, pre and postconditions, and invariants.  We also cover some data structures and programming techniques including linked structures, searching and sorting, recursion, brute force and backtracking, and finite state control.  We add rather little to the repertoire of language features introduced in the first course choosing instead to stress "how to do it well" rather than "how to do more."

We've been working on the book for a long time.  Initially, it was written using the programming language Turing.  This is an excellent pedagogical language and contains most modern features (including OOP facilities, executable assertions, etc.).  It is also simple and requires very little scaffolding to run a program.  Turing comes from Holt and Associates in Canada and is apparently very popular in high schools in Canada.  Unfortunately, editors at Holt felt that our book was too advanced for the high school market.  And there was very little market for Turing books in the US.  At about the same time, we moved our CS2 course from Turing to Java.  So we embarked on a project to rewrite the book using Java.  The book has been used successfully in our CS 2 course for many years.  We require that students also have a Java reference of some sort.  In most cases, their CS1 text suffices.

Over the years, we have found only one other book whose content comes close to the course we offer: The Design of Data Structures and Algorithms, by van Amstel and Poirters (Prentice Hall, 1989).  But the book was not popular with students.  It is very difficult (possibly because English is not the authors' first language), full of errors, and uses Modula for examples.  One semester, a majority of my students voted that they would have preferred to have no book instead of this one.   I could find no reference to a new version of this book, and it may now be out of print.  Most other CS2 books that I have examined either don't cover formal specifications at all, or give them only passing coverage.

II. Audience

The book is intended for college students in a second level programming course.  We assume that students have had some programming experience, but no particular language is assumed.  The book has been used successfully by students whose CS1 language was C, C++, Java, Hascal, Basic, Pascal, and Turing.  No object oriented programming is assumed, although students whose first language is Java or C++ will have certainly seen basic OO features.  We assume students are familiar with the concepts of sequential code, selection (if...then), iteration, subroutines, simple I/O, and simple data structures (mostly arrays).  The first chapter of the book is an extensive review of Java that provides all the Java the student will need initially. More advanced Java features are introduced in later chapters.  No particular mathematics is assumed beyond basic algebra.

III. Current status

The book currently consists of 14 chapters, 13 of which have been written and are available for review.  The one remaining chapter on trees has yet to be written although we know what it will contain.  Some of the chapters have exercises.  We have a larger collection of exercises and programming assignment from our course archives.  There are several major issues yet to be resolved, in particular, the role of executable assertions (which add considerably to the quality and reliability of the program, but also add to its complexity, bulk, and running time).  There may be some inconsistencies from one chapter to another due to the amount of time that passed during the writing.  A preface and introduction must be written.  We anticipate that the book would have a companion web site with the text of all the sample programs, selected answers, and possibly more.  There's more work to be done.  But the book is fine as-is for our course. And before I put a lot more effort into it, I wanted to see if there was any market.

IV. What makes this book unique

The book stresses good programming with emphasis on programming in the small rather than programming in the large.  We introduce formal documentation (assertions, pre and postconditions, and loop invariants) and rules of inference for demonstrating program correctness.  The formal documentation is carried through the text, and we show how to write executable assertions in Java.  We also discuss guidelines for writing good code.  Finally, we stress throughout the text the notion of abstraction: the separation of architecture (how something looks form the outside) from its implementation (how it works).  Our objective is that students are able to write code that is clear, concise, generalized, modifiable, and provably correct.  The van Amstel & Poirters book is the only other book with similar emphases.

V. Possible reviewers.  I can think of no obvious candidate reviewers.  Don Stanat suggested  

Professor Wilbon Davis

Southwest Texas State University 

   
Department of Computer Science 

   
601 University Drive 

   
San Marcos, TX 78666-4616 

   
Phone:   (512) 245-3409 

  
 Fax:   (512) 245-8750 

   
E-Mail:   wd01@swt.edu 


URL:   http://www.cs.swt.edu/faculty/pages/DavisWilbon.shtml 

VI. Chapter summaries

Chapter 1 is an extensive Java review.  It is not intended to teach programming.  Rather its purpose is to teach Java to readers whose programming background is in some other language and to review Java for those who have programmed in Java before.  The chapter is keyed to later chapters in the text; parts of chapter 1 can be postponed until these chapters are covered.

Chapter 2 introduces that language of logic and formal documentation that we'll use throughout the text.  We also present the concept of program state and assertions about program state.

Chapter 3 presents for formal rules of logic for demonstrating the correctness of assignment statements (the axiom of assignment), selection, and loops (loop invariants).  By the end of chapter 3, the students should be able to write pre and postconditions for methods and to prove simple programs (containing assignment, selection, and iteration) correct.

Chapters 4 and 5 present guidelines for writing good code using the concepts presented so far: straight line code, selection, iteration, and methods (subroutines).  We stress the notion of procedural abstraction in Chapter 5.  Chapter 6 introduces recursion and mathematical induction by which recursive programs can be shown correct.

Chapter 7 introduces the concept of the abstract data type (ADT) and reintroduces the Java class (which introductory Java programmers are forced to deal with, at least a little) as the way to implement ADTs.  Procedural abstraction (Chapter 5) and data abstraction in this chapter complete the notion of abstraction in programming.

Chapter 8 introduces the second major attribute (the first being support for abstraction) of object oriented languages: inheritance – building new classes from old.  Starting with very simple inheritance, we progress through expansion, redefining preserving semantics, and then to redefining without preserving semantics.  We also present abstract classes and show how they allow us to implement polymorphism.  Finally, we show a second way to build new classes from old: using one class in the definition of another.

Chapter 9 is a gentle introduction to algorithm analysis and uses the big O and ( notation.  Our primary interest is in the asymptotic time complexity of simple algorithms.  We use loop counting for iterative algorithms and recurrence equations for recursive algorithms.

Chapter 10 presents sorting algorithms and  uses the tools from chapter 9 to analyze the algorithms.  We cover both n2 sort and n log n sorts and show where each sort is the method of choice.

Chapter 11 and 12 deal with linked structures with linear structures in Chapter 11 and nonlinear structures – mostly trees – in 12.  With linked lists, we show how they are implemented and present algorithms for scanning, searching, insertion, and deletion.  We also cover enhanced linked lists including 2-way links, circular lists, and thumb indexes.  Chapter 12 has not yet been written.  But it will briefly introduce the general notion of nonlinear structures (graphs), then focus on trees, and more specifically on binary trees.  

Chapters 13 and 14 cover two powerful, but often neglected programming techniques; brute force and finite state machines.  Chapter 13 motivates brute force as a problem solution technique and presents the backtracking algorithm as an implementation of brute force.  Several important techniques (reducing the size of the superset, pruning, and filter improvement) are presented as ways to speed up the basic brute force process.

Chapter 14 presents the finite state machine, some applications, and its limitations.  While a pure FSM is not very powerful, the basic FSM concept can be the basis of a very effective programming technique.
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