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f there is one language that defines modern programming, it is C++. Its syntax, style, and philosophy have set the standard by which all other languages are judged. Furthermore, C++ is the universal language of programming. When an algorithm or technique is described, it is usually done so using the C++ syntax. The long-term success of C++ has also left a lasting impression on computer language development. For example, both Java and C# are descended from C++. Frankly, to be a professional programmer implies proficiency in C++. It is the one language that no programmer can afford to ignore. This is the fourth edition of C++: The Complete Reference. It fully describes and demonstrates the keywords, syntax, functions, classes, and features that define the C++ language. More specifically, this book fully describes Standard C++. This is the version of C++ defined by the ANSI/ISO Standard for C++ and it is the version of C++ that is supported by all major compilers, including Microsoft’s Visual C++ and Borland’s C++ Builder. Thus, the information in this book is applicable to all modern programming environments. In the time that has passed since the previous edition of this book, there have been no changes to the C++ language. There have, however, been big changes to the computing environment. For example, a new standard for C, called C99, was created, Java became the dominant language for Web programming, the .NET Framework was
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released, and C# was invented. Through all the changes of the past few years, one thing has remained constant: the staying power of C++. C++ has been, is, and will remain the preeminent language for the development of high-performance software well into the foreseeable future.



What’s New in the Fourth Edition The overall structure and organization of the fourth edition is similar to the third edition. Thus, if you have been using the third edition, you will feel right at home with the fourth edition. Most of the changes to the fourth edition involve updating and expanding the coverage throughout. In some cases, additional details were added. In other cases, the presentation of a topic was improved. In still other situations, descriptions were modernized to reflect the current programming environment. Several new sections were also added. In Part One, the relationship of C++ to the new C standard, called C99, is noted where appropriate. Two appendices were also added. The first described the extended keywords defined by Microsoft that are used for creating managed code for the .NET Framework. The second shows off an area of personal interest: robotics. Robotics has long been a hobby of mine and I thought that many readers would find my experimental robot to be of interest. Most of the software that drives it is, of course, written in C++! Finally, all code examples were retested against the current crop of compilers, including Microsoft’s Visual Studio .NET and Borland’s C++ Builder.



What’s Inside This books covers in detail all aspects of the C++ language, including its foundation, C. The book is divided into these five parts: ■ The C Subset—The foundation of C++ ■ The C++ language ■ The Standard Function Library ■ The Standard Class Library ■ Sample C++ applications Part One provides a comprehensive discussion of the C subset of C++. As most readers will know, C is the foundation upon which C++ was built. It is the C subset that defines the bedrock features of C++, including such things as for loops and if statements. It also defines the essential nature of C++’s block structure, pointers, and functions. Since many readers are already familiar with and proficient in C, discussing the C subset separately in Part One prevents the knowledgeable C programmer from having to “wade through” reams of information he or she already knows. Instead, the
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experienced C programmer can simply turn to the sections of this book that cover the C++-specific features. Part Two discusses in detail the features that move beyond the C foundation and define the C++ language These include its object-oriented features such as classes, constructors, destructors, RTTI, and templates. Thus, Part Two covers those constructs that “make C++, C++.” Part Three describes the standard function library and Part Four examines the standard class library, including the STL (Standard Template Library). Part Five shows two practical examples of applying C++ and object-oriented programming.



A Book for All Programmers This C++ reference is designed for all C++ programmers, regardless of their experience level. It does assume, however, a reader able to create at least a simple program. If you are just learning C++, this book will make an excellent companion to any C++ tutorial and serve as a source of answers to your specific questions. Experienced C++ pros will find the in-depth coverage of C++’s more advanced features especially useful.



If You’re Using Windows If your computer uses Windows, then you have chosen the right language. C++ is completely at home with Windows programming. However, none of the programs in this book are Windows programs. Instead, they are console-based programs. The reason for this is easy to understand: Windows programs are, by their nature, large and complex. The overhead required to create even a minimal Windows skeletal program is 50 to 70 lines of code. To write Windows programs that demonstrate the features of C++ would require hundreds of lines of code each. Put simply, Windows is not an appropriate environment in which to discuss the features of a programming language. However, you can still use a Windows-based compiler to compile the programs in this book because the compiler will automatically create a console session in which to execute your program.



Don’t Forget: Code on the Web Remember, the source code for all of the programs in this book is available free-ofcharge on the Web at www.osborne.com. Downloading this code prevents you from having to type in the examples.
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For Further Study C++: The Complete Reference is your gateway to the Herb Schildt series of programming books. Here are some others that you will find of interest. To learn more about C++, try C++: A Beginner’s Guide C++ from the Ground Up Teach Yourself C++ STL Programming from the Ground Up C++ Programmer’s Reference To learn about Java programming, we recommend the following: Java 2: A Beginner’s Guide Java 2: The Complete Reference Java 2 Programmer’s Reference To learn about C#, Herb offers these books: C#: A Beginner’s Guide C#: The Complete Reference To learn about Windows programming we suggest the following Schildt books: Windows 98 Programming from the Ground Up Windows 2000 Programming from the Ground Up MFC Programming from the Ground Up The Windows Programming Annotated Archives If you want to learn about the C language, which is the foundation of all modern programming, then the following titles will be of interest. C: The Complete Reference Teach Yourself C



When you need solid answers, fast, turn to Herbert Schildt, the recognized authority on programming.



Part I The Foundation of C++: The C Subset This book divides its description of the C++ language into two parts. Part One discusses the C-like features of C++. This is commonly referred to as the C subset of C++. Part Two describes those features specific to C++. Together, these parts describe the entire C++ language.
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As you may know, C++ was built upon the foundation of C. In fact, C++ includes the entire C language, and (with minor exceptions) all C programs are also C++ programs. When C++ was invented, the C language was used as the starting point. To C were added several new features and extensions designed to support object oriented programming (OOP). However, the C-like aspects of C++ were never abandoned, and the 1989 ANSI/ ISO C Standard is a base document for the International Standard for C++. Thus, an understanding of C++ implies an understanding of C. In a book such as this Complete Reference, dividing the C++ language into two pieces— the C foundation and the C++-specific features—achieves three major benefits: ■ The dividing line between C and C++ is clearly delineated. ■ Readers already familiar with C can easily find the C++-specific information. ■ It provides a convenient place in which to discuss those features of C++ that relate mostly to the C subset. Understanding the dividing line between C and C++ is important because both are widely used languages, and it is very likely that you will be called upon to write or maintain both C and C++ code. When working on C code, you need to know where C ends and C++ begins. Many C++ programmers will, from time to time, be required to write code that is limited to the “C subset.” This will be especially true for embedded systems programming and the maintenance of existing applications. Knowing the difference between C and C++ is simply part of being a top-notch professional C++ programmer. A clear understanding of C is also valuable when converting C code into C++. To do this in a professional manner, a solid knowledge of C is required. For example, without a thorough understanding of the C I/O system, it is not possible to convert an I/O-intensive C program into C++ in an efficient manner. Many readers already know C. Covering the C-like features of C++ in their own section makes it easier for the experienced C programmer to find information about C++ quickly and easily, without having to “wade through” reams of information that he or she already knows. Of course, throughout Part One, any minor differences between C and C++ are noted. Also, separating the C foundation from the more advanced, objectoriented features of C++ makes it possible to tightly focus on those advanced features because all of the basics have already been discussed. Although C++ contains the entire C language, not all of the features provided by the C language are commonly used when writing “C++-style” programs. For example, the C I/O system is still available to the C++ programmer even though C++ defines its own, object-oriented version. The preprocessor is another example. The preprocessor is very important to C, but less so to C++. Discussing several of the “C-only” features in Part I prevents them from cluttering up the remainder of the book. Remember: The C subset described in Part One constitutes the core of C++ and the foundation upon which C++’s object-oriented features are built. All the features described here are part of C++ and available for your use. Part I of this book is excerpted from my book C: The Complete Reference (McGraw-Hill/ Osborne). If you are particularly interested in C, you will find this book helpful.



Chapter 1 An Overview of C
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o understand C++ is to understand the forces that drove its creation, the ideas that shaped it, and the legacy it inherits. Thus, the story of C++ begins with C. This chapter presents an overview of the C programming language, its origins, its uses, and its underlying philosophy. Because C++ is built upon C, this chapter provides an important historical perspective on the roots of C++. Much of what “makes C++, C++” had its genesis in the C language.



T



The Origins and History of C C was invented and first implemented by Dennis Ritchie on a DEC PDP-11 that used the UNIX operating system. C is the result of a development process that started with an older language called BCPL. BCPL was developed by Martin Richards, and it influenced a language called B, which was invented by Ken Thompson. B led to the development of C in the 1970s. For many years, the de facto standard for C was the version supplied with the UNIX operating system. It was first described in The C Programming Language by Brian Kernighan and Dennis Ritchie (Englewood Cliffs, N.J.: Prentice-Hall, 1978). In the summer of 1983 a committee was established to create an ANSI (American National Standards Institute) standard that would define the C language. The standardization process took six years (much longer than anyone reasonably expected at the time). The ANSI C standard was finally adopted in December of 1989, with the first copies becoming available in early 1990. The standard was also adopted by ISO (International Standards Organization) and the resulting standard was typically referred to as ANSI/ ISO Standard C. In 1995, Amendment 1 to the C standard was adopted, which, among other things, added several new library functions. The 1989 standard for C, along with Amendment 1, became the base document for Standard C++, defining the C subset of C++. The version of C defined by the 1989 standard is commonly referred to as C89. After 1989, C++ took center stage, and during the 1990s the development of a standard for C++ consumed most programmers’ attention, with a standard for C++ being adopted by the end of 1998. However, work on C continued along quietly. The end result was the 1999 standard for C, usually referred to as C99. In general, C99 retained nearly all of the features of C89 and did not alter the main aspects of the language. Thus, the C language described by C99 is essentially the same as the one described by C89. The C99 standardization committee focused on two main areas: the addition of several numeric libraries and the development of some special-use, but highly innovative, new features, such as variable- length arrays and the restrict pointer qualifier. In a few cases, features originally from C++, such as single-line comments, were also incorporated into C99. Because the standard for C++ was finalized before C99 was created, none of the C99 innovations are found in Standard C++.



C89 vs. C99 Although the innovations in C99 are important from a computer science point of view, they are currently of little practical consequence because, at the time of this writing, no widely-used compiler implements C99. Rather, it is C89 that defines the version of C
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C Is a Middle-Level Language C is often called a middle-level computer language. This does not mean that C is less powerful, harder to use, or less developed than a high-level language such as BASIC or Pascal; nor does it imply that C has the cumbersome nature of assembly language (and its associated troubles). Rather, C is thought of as a middle-level language because it combines the best elements of high-level languages with the control and flexibility of assembly language. Table 1-1 shows how C fits into the spectrum of computer languages. As a middle-level language, C allows the manipulation of bits, bytes, and addresses— the basic elements with which the computer functions. Despite this fact, C code is also
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that most programmers think of as “C” and that all mainstream compilers recognize. Furthermore, it is C89 that forms the C subset of C++. Although several of the new features added by C99 will eventually find their way into the next standard for C++, currently these new features are incompatible with C++. Because C89 is the standard that forms the C subset of C++, and because it is the version of C that the vast majority of C programmers currently know, it is the version of C discussed in Part I. Thus, when the term C is used, take it to mean the C defined by C89. However, important differences between C89 and C99 that relate specifically to C++ are noted, such as when C99 adds a feature that improves compatibility with C++.
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portable. Portability means that it is easy to adapt software written for one type of computer or operating system to another. For example, if you can easily convert a program written for UNIX so that it runs under Windows, that program is portable. All high-level programming languages support the concept of data types. A data type defines a set of values that a variable can store along with a set of operations that can be performed on that variable. Common data types are integer, character, and real. Although C has five basic built-in data types, it is not a strongly typed language, as are Pascal and Ada. C permits almost all type conversions. For example, you may freely intermix character and integer types in an expression. Unlike a high-level language, C performs almost no run-time error checking. For example, no check is performed to ensure that array boundaries are not overrun. These types of checks are the responsibility of the programmer. In the same vein, C does not demand strict type compatibility between a parameter and an argument. As you may know from your other programming experience, a highlevel computer language will typically require that the type of an argument be (more or less) exactly the same type as the parameter that will receive the argument. However, such is not the case for C. Instead, C allows an argument to be of any type so long as it can be reasonably converted into the type of the parameter. Further, C provides all of the automatic conversions to accomplish this. C is special in that it allows the direct manipulation of bits, bytes, words, and pointers. This makes it well suited for system-level programming, where these operations are common. Another important aspect of C is that it has only a few keywords, which are the commands that make up the C language. For example, C89 defines only 32 keywords, with C99 adding just another 5. Some computer languages have several times more. For comparison, most versions of BASIC have well over 100 keywords!



C Is a Structured Language In your previous programming experience, you may have heard the term block-structured applied to a computer language. Although the term block-structured language does not strictly apply to C, C is commonly referred to simply as a structured language. It has many similarities to other structured languages, such as ALGOL, Pascal, and Modula-2. The reason that C (and C++) is not, technically, a block-structured language is that block-structured languages permit procedures or functions to be declared inside other procedures or functions. However, since C does not allow the creation of functions within functions, it cannot formally be called block-structured. The distinguishing feature of a structured language is compartmentalization of code and data. This is the ability of a language to section off and hide from the rest of the program all information and instructions necessary to perform a specific task. One way that you achieve compartmentalization is by using subroutines that employ local (temporary) variables. By using local variables, you can write subroutines so that the events that occur within them cause no side effects in other parts of the program.
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The concept of compartmentalization is greatly expanded by C++. Specifically, in C++, one part of your program may tightly control which other parts of your program are allowed access. A structured language allows you a variety of programming possibilities. It directly supports several loop constructs, such as while, do-while, and for. In a structured language, the use of goto is either prohibited or discouraged and is not the common form of program control (as is the case in standard BASIC and traditional FORTRAN, for example). A structured language allows you to place statements anywhere on a line and does not require a strict field concept (as some older FORTRANs do). Here are some examples of structured and nonstructured languages:



Nonstructured



Structured



FORTRAN



Pascal



BASIC



Ada



COBOL



Java C# C++ C Modula-2



Structured languages tend to be modern. In fact, a mark of an old computer language is that it is nonstructured. Today, few programmers would consider using a nonstructured language for serious, new programs. New versions of many older languages have attempted to add structured elements. BASIC is an example—in particular Visual Basic by Microsoft. However, the shortcomings of these languages can never be fully mitigated because they were not designed with structured features from the beginning. C’s main structural component is the function—C’s stand-alone subroutine. In C, functions are the building blocks in which all program activity occurs. They allow you to define and code separately the separate tasks in a program, thus allowing your programs to be modular. After you have created a function, you can rely on it to work properly in various situations without creating side effects in other parts of the program. Being
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This capability makes it easier for programs to share sections of code. If you develop compartmentalized functions, you only need to know what a function does, not how it does it. Remember, excessive use of global variables (variables known throughout the entire program) may allow bugs to creep into a program by allowing unwanted side effects. (Anyone who has programmed in standard BASIC is well aware of this problem.)
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able to create stand-alone functions is extremely critical in larger projects where one programmer’s code must not accidentally affect another’s code. Another way to structure and compartmentalize code in C is through the use of code blocks. A code block is a logically connected group of program statements that is treated as a unit. In C, you create a code block by placing a sequence of statements between opening and closing curly braces. In this example, if (x < 10) { printf("Too low, try again.\n"); scanf("%d", &x); }



the two statements after the if and between the curly braces are both executed if x is less than 10. These two statements together with the braces represent a code block. They are a logical unit: one of the statements cannot execute without the other executing also. Code blocks allow many algorithms to be implemented with clarity, elegance, and efficiency. Moreover, they help the programmer better conceptualize the true nature of the algorithm being implemented.



C Is a Programmer’s Language Surprisingly, not all computer programming languages are for programmers. Consider the classic examples of nonprogrammer languages, COBOL and BASIC. COBOL was designed not to better the programmer’s lot, not to improve the reliability of the code produced, and not even to improve the speed with which code can be written. Rather, COBOL was designed, in part, to enable nonprogrammers to read and presumably (however unlikely) to understand the program. BASIC was created essentially to allow nonprogrammers to program a computer to solve relatively simple problems. In contrast, C was created, influenced, and field-tested by working programmers. The end result is that C gives the programmer what the programmer wants: few restrictions, few complaints, block structures, stand-alone functions, and a compact set of keywords. By using C, you can nearly achieve the efficiency of assembly code combined with the structure of ALGOL or Modula-2. It is no wonder that C and C++ are easily two of the most popular languages among topflight professional programmers. The fact that you can often use C in place of assembly language is a major factor in its popularity among programmers. Assembly language uses a symbolic representation of the actual binary code that the computer executes directly. Each assembly-language operation maps into a single task for the computer to perform. Although assembly language gives programmers the potential to accomplish tasks with maximum flexibility and efficiency, it is notoriously difficult to work with when developing and debugging a program. Furthermore, since assembly language is unstructured, the final program tends to be spaghetti code—a tangled mess of jumps, calls, and indexes. This lack of structure makes assembly-language programs difficult to read, enhance, and maintain.
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■ Operating systems ■ Interpreters ■ Editors ■ Compilers ■ File utilities ■ Performance enhancers ■ Real-time executives ■ Device drivers As C grew in popularity, many programmers began to use it to program all tasks because of its portability and efficiency—and because they liked it! At the time of its creation, C was a much longed-for, dramatic improvement in programming languages. Of course, C++ has carried on this tradition. With the advent of C++, some thought that C as a distinct language would die out. Such has not been the case. First, not all programs require the application of the objectoriented programming features provided by C++. For example, applications such as embedded systems are still typically programmed in C. Second, much of the world still runs on C code, and those programs will continue to be enhanced and maintained. While C’s greatest legacy is as the foundation for C++, C will continue to be a vibrant, widely used language for many years to come.



The Form of a C Program Table 1-2 lists the 32 keywords that, combined with the formal C syntax, form C89, the C subset of C++. All are, of course, also keywords in C++. In addition, many compilers have added several keywords that better exploit their operating environment. For example, several compilers include keywords to manage the memory organization of the 8086 family of processors, to support inter-language programming, and to access interrupts. Here is a list of some commonly used extended keywords: asm



_cs



_ds



_es



_ss



cdecl



far



huge



interrupt



near



pascal
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Perhaps more important, assembly-language routines are not portable between machines with different central processing units (CPUs). Initially, C was used for systems programming. A systems program forms a portion of the operating system of the computer or its support utilities. For example, the following are usually called systems programs:



9



10



C++: The Complete Reference



auto



double



int



struct



break



else



long



switch



case



enum



register



typedef



char



extern



return



union



const



float



short



unsigned



continue



for



signed



void



default



goto



sizeof



volatile



do



if



static



while



Table 1-2.



The 32 Keywords Defined by the C Subset of C++



Your compiler may also support other extensions that help it take better advantage of its specific environment. Notice that all of the keywords are lowercase. C/C++ is case-sensitive. Thus, in a C/C++ program, uppercase and lowercase are different. This means that else is a keyword, while ELSE is not. You may not use a keyword for any other purpose in a program— that is, you may not use it as a variable or function name. All C programs consist of one or more functions. The only function that must be present is called main( ), which is the first function called when program execution begins. In well-written C code, main( ) contains what is, in essence, an outline of what the program does. The outline is composed of function calls. Although main( ) is not a keyword, treat it as if it were. For example, don’t try to use main as the name of a variable because you will probably confuse the compiler. The general form of a C program is illustrated in Figure 1-1, where f1( ) through fN( ) represent user-defined functions.



The Library and Linking Technically speaking, you can create a useful, functional C or C++ program that consists solely of the statements that you actually created. However, this is quite rare because neither C nor C++ provides any keywords that perform such things as I/O operations, high-level mathematical computations, or character handling. As a result, most programs include calls to various functions contained in the standard library. All C++ compilers come with a standard library of functions that perform most commonly needed tasks. Standard C++ specifies a minimal set of functions that will be supported by all compilers. However, your compiler will probably contain many other functions. For example, the standard library does not define any graphics functions, but your compiler will probably include some.
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return-type main (parameter list) { statement sequence } return-type f1 (parameter list) { statement sequence } return-type f2 (parameter list) { statement sequence } . . . return-type fN(parameter list) { statement sequence } Figure 1-1.



The general form of a C program



The C++ standard library can be divided into two halves: the standard function library and the class library. The standard function library is inherited from the C language. C++ supports the entire function library defined by C89. Thus, all of the standard C functions are available for use in C++ programs that you write. In addition to the standard function library, C++ also defines its own class library. The class library provides object-oriented routines that your programs may use. It also defines the Standard Template Library (STL), which offers off-the-shelf solutions to a variety of programming problems. Both the class library and the STL are discussed later in this book. In Part One, only the standard function library is used, since it is the only one that is also defined by C.
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global declarations
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The standard function library contains most of the general-purpose functions that you will use. When you call a library function, the compiler “remembers” its name. Later, the linker combines the code you wrote with the object code for the library function, which is found in the standard library. This process is called linking. Some compilers have their own linker, while others use the standard linker supplied by your operating system. The functions in the library are in relocatable format. This means that the memory addresses for the various machine-code instructions have not been absolutely defined— only offset information has been kept. When your program links with the functions in the standard library, these memory offsets are used to create the actual addresses used. Several technical manuals and books explain this process in more detail. However, you do not need any further explanation of the actual relocation process to program in C++. Many of the functions that you will need as you write programs are in the standard library. They act as building blocks that you combine. If you write a function that you will use again and again, you can place it into a library, too.



Separate Compilation Most short programs are completely contained within one source file. However, as a program’s length grows, so does its compile time (and long compile times make for short tempers). Hence, C/C++ allows a program to be contained in multiple files and lets you compile each file separately. Once you have compiled all files, they are linked, along with any library routines, to form the complete object code. The advantage of separate compilation is that if you change the code of one file, you do not need to recompile the entire program. On all but the most simple projects, this saves a substantial amount of time. The user documentation to your C/C++ compiler will contain instructions for compiling multiple-file programs.



Understanding the .C and .CPP File Extensions The programs in Part One of this book are, of course, valid C++ programs and can be compiled using any modern C++ compiler. They are also valid C programs and can be compiled using a C compiler. Thus, if you are called upon to write C programs, the programs shown in Part One qualify as examples. Traditionally, C programs use the file extension .C and C++ programs use the extension .CPP. A C++ compiler uses the file extension to determine what type of program it is compiling. This is important because the compiler assumes that any program using the .C extension is a C program and that any file using .CPP is a C++ program. Unless explicitly noted otherwise, you may use either extension for the programs in Part One. However, the programs in the rest of this book will require .CPP. One last point: Although C is a subset of C++, there are a few minor differences between the two languages and in a few cases, you may need to compile a C program as a C program (using the .C extension). Any instances of this will be noted.
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his chapter examines the most fundamental element of the C (as well as the C++) language: the expression. As you will see, expressions in C/C++ are substantially more general and more powerful than in most other computer languages. Expressions are formed from these atomic elements: data and operators. Data may be represented either by variables or by constants. Like most other computer languages, C/C++ supports a number of different types of data. It also provides a wide variety of operators.



T



The Five Basic Data Types There are five atomic data types in the C subset: character, integer, floating-point, double floating-point, and valueless (char, int, float, double, and void, respectively). As you will see, all other data types in C are based upon one of these types. The size and range of these data types may vary between processor types and compilers. However, in all cases a character is 1 byte. The size of an integer is usually the same as the word length of the execution environment of the program. For most 16-bit environments, such as DOS or Windows 3.1, an integer is 16 bits. For most 32-bit environments, such as Windows 2000, an integer is 32 bits. However, you cannot make assumptions about the size of an integer if you want your programs to be portable to the widest range of environments. It is important to understand that both C and C++ only stipulate the minimal range of each data type, not its size in bytes. To the five basic data types defined by C, C++ adds two more: bool and wchar_t. These are discussed in Part Two. The exact format of floating-point values will depend upon how they are implemented. Integers will generally correspond to the natural size of a word on the host computer. Values of type char are generally used to hold values defined by the ASCII character set. Values outside that range may be handled differently by different compilers. The range of float and double will depend upon the method used to represent the floating-point numbers. Whatever the method, the range is quite large. Standard C specifies that the minimum range for a floating-point value is 1E−37 to 1E+37. The minimum number of digits of precision for each floating-point type is shown in Table 2-1. Standard C++ does not specify a minimum size or range for the basic types. Instead, it simply states that they must meet certain requirements. For example, Standard C++ states that an int will “have the natural size suggested by the architecture of the execution environment." In all cases, this will meet or exceed the minimum ranges specified by Standard C. Each C++ compiler specifies the size and range of the basic types in the header .
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Minimal Range



char



8



−127 to 127



unsigned char



8



0 to 255



signed char



8



−127 to 127



int



16 or 32



−32,767 to 32,767



unsigned int



16 or 32



0 to 65,535



signed int



16 or 32



same as int



short int



16



−32,767 to 32,767



unsigned short int



16



0 to 65,535



signed short int



16



same as short int



long int



32



−2,147,483,647 to 2,147,483,647



signed long int



32



same as long int



unsigned long int



32



0 to 4,294,967,295



float



32



Six digits of precision



double



64



Ten digits of precision



long double



80



Ten digits of precision



Table 2-1.



All Data Types Defined by the ANSI/ISO C Standard



The type void either explicitly declares a function as returning no value or creates generic pointers. Both of these uses are discussed in subsequent chapters.



Modifying the Basic Types Except for type void, the basic data types may have various modifiers preceding them. You use a modifier to alter the meaning of the base type to fit various situations more precisely. The list of modifiers is shown here: signed unsigned long short
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You can apply the modifiers signed, short, long, and unsigned to integer base types. You can apply unsigned and signed to characters. You may also apply long to double. Table 2-1 shows all valid data type combinations, along with their minimal ranges and approximate bit widths. (These values also apply to a typical C++ implementation.) Remember, the table shows the minimum range that these types will have as specified by Standard C/C++, not their typical range. For example, on computers that use two's complement arithmetic (which is nearly all), an integer will have a range of at least 32,767 to –32,768. The use of signed on integers is allowed, but redundant because the default integer declaration assumes a signed number. The most important use of signed is to modify char in implementations in which char is unsigned by default. The difference between signed and unsigned integers is in the way that the highorder bit of the integer is interpreted. If you specify a signed integer, the compiler generates code that assumes that the high-order bit of an integer is to be used as a sign flag. If the sign flag is 0, the number is positive; if it is 1, the number is negative. In general, negative numbers are represented using the two's complement approach, which reverses all bits in the number (except the sign flag), adds 1 to this number, and sets the sign flag to 1. Signed integers are important for a great many algorithms, but they only have half the absolute magnitude of their unsigned relatives. For example, here is 32,767: 01111111 11111111 If the high-order bit were set to 1, the number would be interpreted as −1. However, if you declare this to be an unsigned int, the number becomes 65,535 when the highorder bit is set to 1. When a type modifier is used by itself (that is, when it does not precede a basic type), then int is assumed. Thus, the following sets of type specifiers are equivalent:



Specifier



Same As



signed



signed int



unsigned



unsigned int



long



long int



short



short int



Although the int is implied, many programmers specify the int anyway.



Identifier Names In C/C++, the names of variables, functions, labels, and various other user-defined objects are called identifiers. These identifiers can vary from one to several characters.
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Correct



Incorrect



Count



1count



test23



hi!there



high_balance



high...balance



In C, identifiers may be of any length. However, not all characters will necessarily be significant. If the identifier will be involved in an external link process, then at least the first six characters will be significant. These identifiers, called external names, include function names and global variables that are shared between files. If the identifier is not used in an external link process, then at least the first 31 characters will be significant. This type of identifier is called an internal name and includes the names of local variables, for example. In C++, there is no limit to the length of an identifier, and at least the first 1,024 characters are significant. This difference may be important if you are converting a program from C to C++. In an identifier, upper- and lowercase are treated as distinct. Hence, count, Count, and COUNT are three separate identifiers. An identifier cannot be the same as a C or C++ keyword, and should not have the same name as functions that are in the C or C++ library.



Variables As you probably know, a variable is a named location in memory that is used to hold a value that may be modified by the program. All variables must be declared before they can be used. The general form of a declaration is type variable_list; Here, type must be a valid data type plus any modifiers, and variable_list may consist of one or more identifier names separated by commas. Here are some declarations: int i,j,l; short int si; unsigned int ui; double balance, profit, loss;



Remember, in C/C++ the name of a variable has nothing to do with its type.
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The first character must be a letter or an underscore, and subsequent characters must be either letters, digits, or underscores. Here are some correct and incorrect identifier names:
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Where Variables Are Declared Variables will be declared in three basic places: inside functions, in the definition of function parameters, and outside of all functions. These are local variables, formal parameters, and global variables.



Local Variables Variables that are declared inside a function are called local variables. In some C/C++ literature, these variables are referred to as automatic variables. This book uses the more common term, local variable. Local variables may be referenced only by statements that are inside the block in which the variables are declared. In other words, local variables are not known outside their own code block. Remember, a block of code begins with an opening curly brace and terminates with a closing curly brace. Local variables exist only while the block of code in which they are declared is executing. That is, a local variable is created upon entry into its block and destroyed upon exit. The most common code block in which local variables are declared is the function. For example, consider the following two functions: void func1(void) { int x; x = 10; } void func2(void) { int x; x = -199; }



The integer variable x is declared twice, once in func1( ) and once in func2( ). The x in func1( ) has no bearing on or relationship to the x in func2( ). This is because each x is known only to the code within the block in which it is declared. The C language contains the keyword auto, which you can use to declare local variables. However, since all nonglobal variables are, by default, assumed to be auto, this keyword is virtually never used. Hence, the examples in this book will not use it. (It has been said that auto was included in C to provide for source-level compatibility with its predecessor B. Further, auto is supported in C++ to provide compatibility with C.)
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void f(void) { int t; scanf("%d%*c", &t); if(t==1) { char s[80];



/* this is created only upon entry into this block */ printf("Enter name:"); gets(s); /* do something ... */



} }



Here, the local variable s is created upon entry into the if code block and destroyed upon exit. Furthermore, s is known only within the if block and may not be referenced elsewhere—even in other parts of the function that contains it. Declaring variables within the block of code that uses them helps prevent unwanted side effects. Since a variable does not exist outside the block in which it is declared, it cannot be accidentally altered. There is an important difference between C (as defined by C89) and C++ as to where you can declare local variables. In C, you must declare all local variables at the start of a block, prior to any "action" statements. For example, in C89 the following function is in error. /* For C89, this function is in error, but it is perfectly acceptable for C++. */ void f(void) { int i; i = 10; int j;



/* this line will cause an error */
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For reasons of convenience and tradition, most programmers declare all the variables used by a function immediately after the function's opening curly braceand before any other statements. However, you may declare local variables within any code block. The block defined by a function is simply a special case. For example,
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j = 20; }



However, in C++, this function is perfectly valid because you can declare local variables at any point within a block, prior to their first use. (The topic of C++ variable declaration is discussed in depth in Part Two.) As a point of interest, C99 allows you to define variables at any point within a block. Because local variables are created and destroyed with each entry and exit from the block in which they are declared, their content is lost once the block is left. This is especially important to remember when calling a function. When a function is called, its local variables are created, and upon its return they are destroyed. This means that local variables cannot retain their values between calls. (However, you can direct the compiler to retain their values by using the static modifier.) Unless otherwise specified, local variables are stored on the stack. The fact that the stack is a dynamic and changing region of memory explains why local variables cannot, in general, hold their values between function calls. You can initialize a local variable to some known value. This value will be assigned to the variable each time the block of code in which it is declared is entered. For example, the following program prints the number 10 ten times: #include void f(void); int main(void) { int i; for(i=0; i 127, target is negative



char



short int



High-order 8 bits



char



int (16 bits)



High-order 8 bits



char



int (32 bits)



High-order 24 bits



char



long int



High-order 24 bits



short int



int (16 bits)



None



short int



int (32 bits)



High-order 16 bits



int (16 bits)



long int



High-order 16 bits



int (32 bits)



long int



None



int



float



Fractional part and possibly more



float



double



Precision, result rounded



double



long double



Precision, result rounded



Table 2-3.



The Outcome of Common Type Conversions



Chapter 2:



Expressions



Multiple Assignments C/C++ allows you to assign many variables the same value by using multiple assignments in a single statement. For example, this program fragment assigns x, y, and z the value 0: x = y = z = 0;



In professional programs, variables are frequently assigned common values using this method.



Arithmetic Operators Table 2-4 lists C/C++'s arithmetic operators. The operators +, −, *, and / work as they do in most other computer languages. You can apply them to almost any built-in data type. When you apply / to an integer or character, any remainder will be truncated. For example, 5/2 will equal 2 in integer division. The modulus operator % also works in C/C++ as it does in other languages, yielding the remainder of an integer division. However, you cannot use it on floating-point types. The following code fragment illustrates %: int x, y; x = 5; y = 2; printf("%d ", x/y); printf("%d ", x%y);



/* will display 2 */ /* will display 1, the remainder of the integer division */



x = 1; y = 2; printf("%d %d", x/y, x%y); /*



will display 0 1 */



The last line prints a 0 and a 1 because 1/2 in integer division is 0 with a remainder of 1. The unary minus multiplies its operand by –1. That is, any number preceded by a minus sign switches its sign.
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speaking, you should use char variables for characters, and use ints, short ints, or signed chars when needed to avoid possible portability problems. To use Table 2-3 to make a conversion not shown, simply convert one type at a time until you finish. For example, to convert from double to int, first convert from double to float and then from float to int.
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Operator



Action



−



Subtraction, also unary minus



+



Addition



*



Multiplication



/



Division



%



Modulus



––



Decrement



++



Increment



Table 2-4.



Arithmetic Operators



Increment and Decrement C/C++ includes two useful operators not found in some other computer languages. These are the increment and decrement operators, ++ and − −. The operator ++ adds 1 to its operand, and − − subtracts 1. In other words: x = x+1;



is the same as ++x;



and x = x-1;



is the same as x--;



Both the increment and decrement operators may either precede (prefix) or follow (postfix) the operand. For example,
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x = x+1;



can be written ++x;



or x++;



There is, however, a difference between the prefix and postfix forms when you use these operators in an expression. When an increment or decrement operator precedes its operand, the increment or decrement operation is performed before obtaining the value of the operand for use in the expression. If the operator follows its operand, the value of the operand is obtained before incrementing or decrementing it. For instance, x = 10; y = ++x;



sets y to 11. However, if you write the code as x = 10; y = x++;



y is set to 10. Either way, x is set to 11; the difference is in when it happens. Most C/C++ compilers produce very fast, efficient object code for increment and decrement operations—code that is better than that generated by using the equivalent assignment statement. For this reason, you should use the increment and decrement operators when you can. Here is the precedence of the arithmetic operators: highest



++ – – – (unary minus) * / %



lowest
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Operators on the same level of precedence are evaluated by the compiler from left to right. Of course, you can use parentheses to alter the order of evaluation. C/C++ treats parentheses in the same way as virtually all other computer languages. Parentheses force an operation, or set of operations, to have a higher level of precedence.



Relational and Logical Operators In the term relational operator, relational refers to the relationships that values canhave with one another. In the term logical operator, logical refers to the ways these relationships can be connected. Because the relational and logical operators oftenwork together, they are discussed together here. The idea of true and false underlies the concepts of relational and logical operators. In C, true is any value other than zero. False is zero. Expressions that use relational or logical operators return 0 for false and 1 for true. C++ fully supports the zero/non-zero concept of true and false. However, it also defines the bool data type and the Boolean constants true and false. In C++, a 0 value is automatically converted into false, and a non-zero value is automatically converted into true. The reverse also applies: true converts to 1 and false converts to 0. In C++, the outcome of a relational or logical operation is true or false. But since this automatically converts into 1 or 0, the distinction between C and C++ on this issue is mostly academic. Table 2-5 shows the relational and logical operators. The truth table for the logical operators is shown here using 1's and 0's.



p



q



p && q



p || q



!p



0



0



0



0



1



0



1



0



1



1



1



1



1



1



0



1



0



0



1



0



Both the relational and logical operators are lower in precedence than the arithmetic operators. That is, an expression like 10 > 1+12 is evaluated as if it were written 10 > (1+12). Of course, the result is false. You can combine several operations together into one expression, as shown here: 10>5 && !(10=



Greater than or equal




= < 10);



Bitwise Operators Unlike many other languages, C/C++ supports a full complement of bitwise operators. Since C was designed to take the place of assembly language for most programming
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p



q



p ^q



0



0



0



1



0



1



1



1



0



0



1



1



As the table indicates, the outcome of an XOR is true only if exactly one of the operands is true; otherwise, it is false. Bitwise operations most often find application in device drivers—such as modem programs, disk file routines, and printer routines — because the bitwise operations can be used to mask off certain bits, such as parity. (The parity bit confirms that the rest of the bits in the byte are unchanged. It is usually the high-order bit in each byte.)



Operator



Action



&



AND



|



OR



^



Exclusive OR (XOR)



~



One's complement (NOT)



>>



Shift right




9) y = 100; else y = 200;



The ? operator will be discussed more fully in Chapter 3 in relationship to the other conditional statements.



The & and * Pointer Operators A pointer is the memory address of some object. A pointer variable is a variable that is specifically declared to hold a pointer to an object of its specified type. Knowing a variable's address can be of great help in certain types of routines. However, pointers have three main functions in C/C++. They can provide a fast means of referencing array elements. They allow functions to modify their calling parameters. Lastly, they support linked lists and other dynamic data structures. Chapter 5 is devoted exclusively to pointers. However, this chapter briefly covers the two operators that are used to manipulate pointers. The first pointer operator is &, a unary operator that returns the memory address of its operand. (Remember, a unary operator only requires one operand.) For example, m = &count;



places into m the memory address of the variable count. This address is the computer's internal location of the variable. It has nothing to do with the value of count. You can think of & as meaning "the address of." Therefore, the preceding assignment statement means "m receives the address of count." To better understand this assignment, assume that the variable count is at memory location 2000. Also assume that count has a value of 100. Then, after the previous assignment, m will have the value 2000. The second pointer operator is *, which is the complement of &. The * is a unary operator that returns the value of the variable located at the address that follows it. For example, if m contains the memory address of the variable count, q = *m;



places the value of count into q. Now q has the value 100 because 100 is stored at location 2000, the memory address that was stored in m. Think of * as meaning "at address." In this case, you could read the statement as "q receives the value at address m." Unfortunately, the multiplication symbol and the "at address" symbol are the same, and the symbol for the bitwise AND and the "address of" symbol are the same.
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char *ch;



Here, ch is not a character but a pointer to a character—there is a big difference. The type of data that a pointer points to, in this case char, is called the base type of the pointer. However, the pointer variable itself is a variable that holds the address to an object of the base type. Thus, a character pointer (or any pointer) is of sufficient size to hold any address as defined by the architecture of the computer. However, as a rule, a pointer should only point to data that is of that pointer's base type. You can mix both pointer and nonpointer variables in the same declaration statement. For example, int x, *y, count;



declares x and count as integer types and y as a pointer to an integer type. The following program uses * and & operators to put the value 10 into a variable called target. As expected, this program displays the value 10 on the screen. #include int main(void) { int target, source; int *m; source = 10; m = &source; target = *m; printf("%d", target); return 0; }
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These operators have no relationship to each other. Both & and * have a higher precedence than all other arithmetic operators except the unary minus, with which they share equal precedence. Variables that will hold memory addresses (i.e., pointers), must be declared by putting * in front of the variable name. This indicates to the compiler that it will hold a pointer. For example, to declare ch as a pointer to a character, write
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The Compile-Time Operator sizeof sizeof is a unary compile-time operator that returns the length, in bytes, of the variable or parenthesized type-specifier that it precedes. For example, assuming that integers are 4 bytes and doubles are 8 bytes, double f; printf("%d ", sizeof f); printf("%d", sizeof(int));



will display 8 4. Remember, to compute the size of a type, you must enclose the type name in parentheses. This is not necessary for variable names, although there is no harm done if you do so. C/C++ defines (using typedef) a special type called size_t, which corresponds loosely to an unsigned integer. Technically, the value returned by sizeof is of type size_t. For all practical purposes, however, you can think of it (and use it) as if it were an unsigned integer value. sizeof primarily helps to generate portable code that depends upon the size of the built-in data types. For example, imagine a database program that needs to store six integer values per record. If you want to port the database program to a variety of computers, you must not assume the size of an integer, but must determine its actual length using sizeof. This being the case, you could use the following routine to write a record to a disk file: /* Write 6 integers to a disk file. */ void put_rec(int rec[6], FILE *fp) { int len; len = fwrite(rec, sizeof(int)*6, 1, fp); if(len != 1) printf("Write Error"); }



Coded as shown, put_rec( ) compiles and runs correctly in any environment, including those that use 16- and 32-bit integers. One final point: sizeof is evaluated at compile time, and the value it produces is treated as a constant within your program.



The Comma Operator The comma operator strings together several expressions. The left side of the comma operator is always evaluated as void. This means that the expression on the right side becomes the value of the total comma-separated expression. For example,
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first assigns y the value 3 and then assigns x the value 4. The parentheses are necessary because the comma operator has a lower precedence than the assignment operator. Essentially, the comma causes a sequence of operations. When you use it on the right side of an assignment statement, the value assigned is the value of the last expression of the comma-separated list. The comma operator has somewhat the same meaning as the word "and" in normal English as used in the phrase "do this and this and this."



The Dot (.) and Arrow ( >) Operators In C, the . (dot) and the >(arrow) operators access individual elements of structures and unions. Structures and unions are compound (also called aggregate) data types that may be referenced under a single name (see Chapter 7). In C++, the dot and arrow operators are also used to access the members of a class. The dot operator is used when working with a structure or union directly. The arrow operator is used when a pointer to a structure or union is used. For example, given the fragment struct employee { char name[80]; int age; float wage; } emp; struct employee *p = &emp; /* address of emp into p */



you would write the following code to assign the value 123.23 to the wage member of structure variable emp: emp.wage = 123.23;



However, the same assignment using a pointer to emp would be p->wage = 123.23;



The [ ] and ( ) Operators Parentheses are operators that increase the precedence of the operations inside them. Square brackets perform array indexing (arrays are discussed fully in Chapter 4). Given
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x = (y=3, y+1);
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an array, the expression within square brackets provides an index into that array. For example, #include char s[80]; int main(void) { s[3] = 'X'; printf("%c", s[3]); return 0; }



first assigns the value 'X' to the fourth element (remember, all arrays begin at 0) of array s, and then prints that element.



Precedence Summary Table 2-8 lists the precedence of all operators defined by C. Note that all operators, except the unary operators and ?, associate from left to right. The unary operators (*, &, ) and ? associate from right to left. C++ defines a few additional operators, which are discussed at length in Part Two.



Expressions Operators, constants, and variables are the constituents of expressions. An expression in C/C++ is any valid combination of these elements. Because most expressions tend to follow the general rules of algebra, they are often taken for granted. However, a few aspects of expressions relate specifically to C and C++.



Order of Evaluation Neither C nor C++ specifies the order in which the subexpressions of an expression are evaluated. This leaves the compiler free to rearrange an expression to produce more optimal code. However, it also means that your code should never rely upon the order in which subexpressions are evaluated. For example, the expression x = f1() + f2();



does not ensure that f1( ) will be called before f2( ).
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( ) [ ] −> . ! ~ ++ – – (type) * & sizeof */% +− > < >= == != & ^ | && ||



Highest ?: = += − = *= /= etc.



Lowest Table 2-8.



,



The Precedence of C Operators



Type Conversion in Expressions When constants and variables of different types are mixed in an expression, they are all converted to the same type. The compiler converts all operands up to the type of the largest operand, which is called type promotion. First, all char and short int values are automatically elevated to int. (This process is called integral promotion.) Once this step has been completed, all other conversions are done operation by operation, as described in the following type conversion algorithm: IF an operand is a long double THEN the second is converted to long double ELSE IF an operand is a double THEN the second is converted to double
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ELSE IF an operand is a float THEN the second is converted to float ELSE IF an operand is an unsigned long THEN the second is converted to unsigned long ELSE IF an operand is long THEN the second is converted to long ELSE IF an operand is unsigned int THEN the second is converted to unsigned int There is one additional special case: If one operand is long and the other is unsigned int, and if the value of the unsigned int cannot be represented by a long, both operands are converted to unsigned long. Once these conversion rules have been applied, each pair of operands is of the same type and the result of each operation is the same as the type of both operands. For example, consider the type conversions that occur in Figure 2-2. First, the character ch is converted to an integer. Then the outcome of ch/i is converted to a double because f*d is double. The outcome of f+i is float, because f is a float. The final result is double.



Casts You can force an expression to be of a specific type by using a cast. The general form of a cast is (type) expression



char ch; int i; float f; double d; result=(ch/i) int



int



+



(f*d)



–



double



float



double



double Figure 2-2.



A type conversion example



(f+i);



float
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(float) x/2



Casts are technically operators. As an operator, a cast is unary and has the same precedence as any other unary operator. Although casts are not usually used a great deal in programming, they can be very helpful when needed. For example, suppose you wish to use an integer for loop control, yet to perform computation on it requires a fractional part, as in the following program: #include int main(void) /* print i and i/2 with fractions */ { int i; for(i=1; i magic) printf("too high\n"); else printf("too low\n"); }
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if(i) { if(j) statement if(k) statement else statement } else statement 4;
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return 0; }



The if-else-if Ladder A common programming construct is the if-else-if ladder, sometimes called the if-else-if staircase because of its appearance. Its general form is if (expression) statement; else if (expression) statement; else if (expression) statement; . . . else statement; The conditions are evaluated from the top downward. As soon as a true condition is found, the statement associated with it is executed and the rest of the ladder is bypassed. If none of the conditions are true, the final else is executed. That is, if all other conditional tests fail, the last else statement is performed. If the final else is not present, no action takes place if all other conditions are false. Although the indentation of the preceding if-else-if ladder is technically correct, it can lead to overly deep indentation. For this reason, the if-else-if ladder is generally indented like this: if (expression) statement; else if (expression) statement; else if (expression) statement; . . . else statement; Using an if-else-if ladder, the magic number program becomes /* Magic number program #4. */ #include 
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int main(void) { int magic; /* magic number */ int guess; /* user's guess */ magic = rand(); /* generate the magic number */ printf("Guess the magic number: "); scanf("%d", &guess); if(guess == magic) { printf("** Right ** "); printf("%d is the magic number", magic); } else if(guess > magic) printf("Wrong, too high"); else printf("Wrong, too low"); return 0; }



The ? Alternative You can use the ? operator to replace if-else statements of the general form: if(condition) expression; else expression; However, the target of both if and else must be a single expression—not another statement. The ? is called a ternary operator because it requires three operands. It takes the general form Exp1 ? Exp2 : Exp3 where Exp1, Exp2, and Exp3 are expressions. Notice the use and placement of the colon. The value of a ? expression is determined as follows: Exp1 is evaluated. If it is true, Exp2 is evaluated and becomes the value of the entire ? expression. If Exp1 is false, then Exp3 is evaluated and its value becomes the value of the expression. For example, consider
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#include 
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x = 10; y = x>9 ? 100 : 200;



In this example, y is assigned the value 100. If x had been less than 9, y would have received the value 200. The same code written with the if-else statement would be x = 10; if(x>9) y = 100; else y = 200;



The following program uses the ? operator to square an integer value entered by the user. However, this program preserves the sign (10 squared is 100 and −10 squared is −100). #include int main(void) { int isqrd, i; printf("Enter a number: "); scanf("%d", &i); isqrd = i>0 ? i*i : -(i*i); printf("%d squared is %d", i, isqrd); return 0; }



The use of the ? operator to replace if-else statements is not restricted to assignments only. Remember, all functions (except those declared as void) return a value. Thus, you can use one or more function calls in a ? expression. When the function's name is encountered, the function is executed so that its return value may be determined. Therefore, you can execute one or more function calls using the ? operator by placing the calls in the expressions that form the ?'s operands. Here is an example. #include int f1(int n); int f2(void);
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printf("Enter a number: "); scanf("%d", &t); /* print proper message */ t ? f1(t) + f2() : printf("zero entered.\n"); return 0; } int f1(int n) { printf("%d ", n); return 0; } int f2(void) { printf("entered.\n"); return 0; }



Entering a 0 in this example calls the printf( ) function and displays the message zero entered. If you enter any other number, both f1( ) and f2( ) execute. Note that the value of the ? expression is discarded in this example. You don't need to assign it to anything. A word of warning: Some C++ compilers rearrange the order of evaluation of an expression in an attempt to optimize the object code. This could cause functions that form the operands of the ? operator to execute in an unintended sequence. Using the ? operator, you can rewrite the magic number program yet again. /* Magic number program #5. */ #include #include int main(void) { int magic; int guess;
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int main(void) { int t;
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magic = rand(); /* generate the magic number */ printf("Guess the magic number: "); scanf("%d", &guess); if(guess == magic) { printf("** Right ** "); printf("%d is the magic number", magic); } else guess > magic ? printf("High") : printf("Low"); return 0; }



Here, the ? operator displays the proper message based on the outcome of the test guess > magic.



The Conditional Expression Sometimes newcomers to C/C++ are confused by the fact that you can use any valid expression to control the if or the ? operator. That is, you are not restricted to expressions involving the relational and logical operators (as is the case in languages like BASIC or Pascal). The expression must simply evaluate to either a true or false (zero or nonzero) value. For example, the following program reads two integers from the keyboard and displays the quotient. It uses an if statement, controlled by the second number, to avoid a divide-by-zero error. /* Divide the first number by the second. */ #include int main(void) { int a, b; printf("Enter two numbers: "); scanf("%d%d", &a, &b); if(b) printf("%d\n", a/b); else printf("Cannot divide by zero.\n"); return 0; }
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if(b != 0) printf("%d\n", a/b);



is redundant, potentially inefficient, and is considered bad style. Since the value of b alone is sufficient to control the if, there is no need to test it against 0.



switch C/C++ has a built-in multiple-branch selection statement, called switch, which successively tests the value of an expression against a list of integer or character constants. When a match is found, the statements associated with that constant are executed. The general form of the switch statement is switch (expression) { case constant1: statement sequence break; case constant2: statement sequence break; case constant3: statement sequence break; . . . default statement sequence } The expression must evaluate to a character or integer value. Floating-point expressions, for example, are not allowed. The value of expression is tested, in order, against the values of the constants specified in the case statements. When a match is found, the statement sequence associated with that case is executed until the break statement or the end of the switch statement is reached. The default statement is executed if no matches are found. The default is optional and, if it is not present, no action takes place if all matches fail. In C, a switch can have at least 257 case statements. Standard C++ recommends that at least 16,384 case statements be supported! In practice, you will want to limit the number of case statements to a smaller amount for efficiency. Although case is a label statement, it cannot exist by itself, outside of a switch.
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This approach works because if b is 0, the condition controlling the if is false and the else executes. Otherwise, the condition is true (nonzero) and the division takes place. One other point: Writing the if statement as shown here
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The break statement is one of C/C++'s jump statements. You can use it in loops as well as in the switch statement (see the section "Iteration Statements"). When break is encountered in a switch, program execution "jumps" to the line of code following the switch statement. There are three important things to know about the switch statement:



■ The switch differs from the if in that switch can only test for equality, whereas if can evaluate any type of relational or logical expression. ■ No two case constants in the same switch can have identical values. Of course, a switch statement enclosed by an outer switch may have case constants that are the same. ■ If character constants are used in the switch statement, they are automatically converted to integers. The switch statement is often used to process keyboard commands, such as menu selection. As shown here, the function menu( ) displays a menu for a spelling-checker program and calls the proper procedures: void menu(void) { char ch; printf("1. Check Spelling\n"); printf("2. Correct Spelling Errors\n"); printf("3. Display Spelling Errors\n"); printf("Strike Any Other Key to Skip\n"); printf(" Enter your choice: "); ch = getchar(); /* read the selection from the keyboard */ switch(ch) { case '1': check_spelling(); break; case '2': correct_errors(); break; case '3': display_errors(); break; default :
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}



Technically, the break statements inside the switch statement are optional. They terminate the statement sequence associated with each constant. If the break statement is omitted, execution will continue on into the next case's statements until either a break or the end of the switch is reached. For example, the following function uses the "drop through" nature of the cases to simplify the code for a device-driver input handler: /* Process a value */ void inp_handler(int i) { int flag; flag = -1; switch(i) { case 1: /* These cases have common */ case 2: /* statement sequences. */ case 3: flag = 0; break; case 4: flag = 1; case 5: error(flag); break; default: process(i); } }



This example illustrates two aspects of switch. First, you can have case statements that have no statement sequence associated with them. When this occurs, execution simply drops through to the next case. In this example, the first three cases all execute the same statements, which are flag = 0; break;
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printf("No option selected"); }
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Second, execution of one statement sequence continues into the next case if no break statement is present. If i matches 4, flag is set to 1 and, because there is no break statement at the end of that case, execution continues and the call to error(flag) is executed. If i had matched 5, error(flag) would have been called with a flag value of −1 (rather than 1). The fact that cases can run together when no break is present prevents the unnecessary duplication of statements, resulting in more efficient code.



Nested switch Statements You can have a switch as part of the statement sequence of an outer switch. Even if the case constants of the inner and outer switch contain common values, no conflicts arise. For example, the following code fragment is perfectly acceptable: switch(x) { case 1: switch(y) { case 0: printf("Divide by zero error.\n"); break; case 1: process(x,y); } break; case 2: . . .



Iteration Statements In C/C++, and all other modern programming languages, iteration statements (also called loops) allow a set of instructions to be executed repeatedly until a certain condition is reached. This condition may be predefined (as in the for loop), or open-ended (as in the while and do-while loops).



The for Loop The general design of the for loop is reflected in some form or another in all procedural programming languages. However, in C/C++, it provides unexpected flexibility and power. The general form of the for statement is for(initialization; condition; increment) statement; The for loop allows many variations, but its most common form works like this. The initialization is an assignment statement that is used to set the loop control variable. The
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#include int main(void) { int x; for(x=1; x 100) printf("greater"); for(ch=getchar(); isdigit(ch); ) ... ;
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if(find_substr("C++ is fun", "is") != -1) printf("substring is found");
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As a general rule, a function cannot be the target of an assignment. A statement such as swap(x,y) = 100; /* incorrect statement */



is wrong. The C/C++ compiler will flag it as an error and will not compile a program that contains it. (As is discussed in Part Two, C++ allows some interesting exceptions to this general rule, enabling some types of functions to occur on the left side of an assignment.) When you write programs, your functions generally will be of three types. The first type is simply computational. These functions are specifically designed to perform operations on their arguments and return a value based on that operation. A computational function is a "pure" function. Examples are the standard library functions sqrt( ) and sin( ), which compute the square root and sine of their arguments. The second type of function manipulates information and returns a value that simply indicates the success or failure of that manipulation. An example is the library function fclose( ), which is used to close a file. If the close operation is successful, the function returns 0; if the operation is unsuccessful, it returns EOF. The last type of function has no explicit return value. In essence, the function is strictly procedural and produces no value. An example is exit( ), which terminates a program. All functions that do not return values should be declared as returning type void. By declaring a function as void, you keep it from being used in an expression, thus preventing accidental misuse. Sometimes, functions that really don't produce an interesting result return something anyway. For example, printf( ) returns the number of characters written. Yet it would be unusual to find a program that actually checked this. In other words, although all functions, except those of type void, return values, you don't have to use the return value for anything. A common question concerning function return values is, "Don't I have to assign this value to some variable since a value is being returned?" The answer is no. If there is no assignment specified, the return value is simply discarded. Consider the following program, which uses the function mul( ): #include int mul(int a, int b); int main(void) { int x, y, z; x = 10;



y = 20;
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return 0; } int mul(int a, int b) { return a*b; }



In line 1, the return value of mul( ) is assigned to z. In line 2, the return value is not actually assigned, but it is used by the printf( ) function. Finally, in line 3, the return value is lost because it is neither assigned to another variable nor used as part of an expression.



Returning Pointers Although functions that return pointers are handled just like any other type of function, a few important concepts need to be discussed. Pointers to variables are neither integers nor unsigned integers. They are the memory addresses of a certain type of data. The reason for this distinction is because pointer arithmetic is relative to the base type. For example, if an integer pointer is incremented, it will contain a value that is 4 greater than its previous value (assuming 4-byte integers). In general, each time a pointer is incremented (or decremented), it points to the next (or previous) item of its type. Since the length of different data types may differ, the compiler must know what type of data the pointer is pointing to. For this reason, a function that returns a pointer must declare explicitly what type of pointer it is returning. For example, you should not use a return type of int * to return a char * pointer! To return a pointer, a function must be declared as having a pointer return type. For example, this function returns a pointer to the first occurrence of the character c in string s: /* Return pointer of first occurrence of c in s. */ char *match(char c, char *s) { while(c!=*s && *s) s++; return(s); }
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z = mul(x, y); printf("%d", mul(x,y)); mul(x, y);
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If no match is found, a pointer to the null terminator is returned. Here is a short program that uses match( ): #include char *match(char c, char *s);



/* prototype */



int main(void) { char s[80], *p, ch; gets(s); ch = getchar(); p = match(ch, s); if(*p) /* there is a match */ printf("%s ", p); else printf("No match found."); return 0; }



This program reads a string and then a character. If the character is in the string, the program prints the string from the point of match. Otherwise, it prints No match found.



Functions of Type void One of void's uses is to explicitly declare functions that do not return values. This prevents their use in any expression and helps avert accidental misuse. For example, the function print_vertical( ) prints its string argument vertically down the side of the screen. Since it returns no value, it is declared as void. void print_vertical(char *str) { while(*str) printf("%c\n", *str++); }



Here is an example that uses print_vertical( ). #include 
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/* prototype */



int main(int argc, char *argv[]) { if(argc > 1) print_vertical(argv[1]); return 0; } void print_vertical(char *str) { while(*str) printf("%c\n", *str++); }



One last point: Early versions of C did not define the void keyword. Thus, in early C programs, functions that did not return values simply defaulted to type int. Therefore, don't be surprised to see many examples of this in older code.



What Does main( ) Return? The main( ) function returns an integer to the calling process, which is generally the operating system. Returning a value from main( ) is the equivalent of calling exit( ) with the same value. If main( ) does not explicitly return a value, the value passed to the calling process is technically undefined. In practice, most C/C++ compilers automatically return 0, but do not rely on this if portability is a concern.



Recursion In C/C++, a function can call itself. A function is said to be recursive if a statement in the body of the function calls itself. Recursion is the process of defining something in terms of itself, and is sometimes called circular definition. A simple example of a recursive function is factr( ), which computes the factorial of an integer. The factorial of a number n is the product of all the whole numbers between 1 and n. For example, 3 factorial is 1 x 2 x 3, or 6. Both factr( ) and its iterative equivalent are shown here: /* recursive */ int factr(int n) { int answer; if(n==1) return(1);
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void print_vertical(char *str);
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answer = factr(n-1)*n; /* recursive call */ return(answer); } /* non-recursive */ int fact(int n) { int t, answer; answer = 1; for(t=1; tbalance



The > is usually called the arrow operator, and consists of the minus sign followed by a greater-than sign. The arrow is used in place of the dot operator when you are accessing a structure member through a pointer to the structure. To see how a structure pointer can be used, examine this simple program, which prints the hours, minutes, and seconds on your screen using a software timer. /* Display a software timer. */ #include #define DELAY 128000 struct my_time { int hours; int minutes; int seconds; } ; void display(struct my_time *t); void update(struct my_time *t); void delay(void); int main(void) { struct my_time systime; systime.hours = 0; systime.minutes = 0; systime.seconds = 0; for(;;) { update(&systime); display(&systime); } return 0; }
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To access the members of a structure using a pointer to that structure, you must use the > operator. For example, this references the balance field:
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void update(struct my_time *t) { t->seconds++; if(t->seconds==60) { t->seconds = 0; t->minutes++; } if(t->minutes==60) { t->minutes = 0; t->hours++; } if(t->hours==24) t->hours = 0; delay(); } void display(struct my_time *t) { printf("%02d:", t->hours); printf("%02d:", t->minutes); printf("%02d\n", t->seconds); } void delay(void) { long int t; /* change this as needed */ for(t=1; thours==24) t->hours = 0;



This tells the compiler to take the address in t (which points to systime in main( )) and use it to reset hours to zero. Remember, use the dot operator to access structure elements when operating on the structure itself. When you have a pointer to a structure, use the arrow operator.



Arrays and Structures Within Structures A member of a structure may be either a simple or aggregate type. A simple member is one that is of any of the built-in data types, such as integer or character. You have already seen one type of aggregate element: the character arrays used in addr. Other aggregate data types include one-dimensional and multidimensional arrays of the other data types, and structures. A member of a structure that is an array is treated as you might expect from the earlier examples. For example, consider this structure: struct x { int a[10][10]; /* 10 x 10 array of ints */ float b; } y;



To reference integer 3,7 in a of structure y, write y.a[3][7]



When a structure is a member of another structure, it is called a nested structure. For example, the structure address is nested inside emp in this example: struct emp { struct addr address; /* nested structure */ float wage; } worker;



Here, structure emp has been defined as having two members. The first is a structure of type addr, which contains an employee's address. The other is wage, which holds
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For example, to set the hours back to 0 when 24:00:00 is reached, update( ) contains this line of code:
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the employee's wage. The following code fragment assigns 93456 to the zip element of address. worker.address.zip = 93456;



As you can see, the members of each structure are referenced from outermost to innermost. C guarantees that structures can be nested to at least 15 levels. Standard C++ suggests that at least 256 levels of nesting be allowed.



Bit-Fields Unlike some other computer languages, C/C++ has a built-in feature called a bit-field that allows you to access a single bit. Bit-fields can be useful for a number of reasons, such as:



■ If storage is limited, you can store several Boolean (true/false) variables in one byte. ■ Certain devices transmit status information encoded into one or more bits within a byte. ■ Certain encryption routines need to access the bits within a byte. Although these tasks can be performed using the bitwise operators, a bit-field can add more clarity (and possibly efficiency) to your code. To access individual bits, C/C++ uses a method based on the structure. In fact, a bit-field is really just a special type of structure member that defines how long, in bits, the field is to be. The general form of a bit-field definition is struct struct-type-name { type name1 : length; type name2 : length; . . . type nameN : length; } variable_list; Here, type is the type of the bit-field and length is the number of bits in the field. A bit-field must be declared as an integral or enumeration type. Bit-fields of length 1 should be declared as unsigned, because a single bit cannot have a sign.
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Bit



Meaning When Set



0



Change in clear-to-send line



1



Change in data-set-ready



2



Trailing edge detected



3



Change in receive line



4



Clear-to-send



5



Data-set-ready



6



Telephone ringing



7



Received signal



You can represent the information in a status byte using the following bit-field: struct status_type { unsigned delta_cts: unsigned delta_dsr: unsigned tr_edge: unsigned delta_rec: unsigned cts: unsigned dsr: unsigned ring: unsigned rec_line: } status;



1; 1; 1; 1; 1; 1; 1; 1;



You might use a routine similar to that shown here to enable a program to determine when it can send or receive data. status = get_port_status(); if(status.cts) printf("clear to send"); if(status.dsr) printf("data ready");



To assign a value to a bit-field, simply use the form you would use for any other type of structure element. For example, this code fragment clears the ring field: status.ring = 0;
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Bit-fields are frequently used when analyzing input from a hardware device. For example, the status port of a serial communications adapter might return a status byte organized like this:
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As you can see from this example, each bit-field is accessed with the dot operator. However, if the structure is referenced through a pointer, you must use the > operator. You do not have to name each bit-field. This makes it easy to reach the bit you want, bypassing unused ones. For example, if you only care about the cts and dsr bits, you could declare the status_type structure like this: struct status_type { unsigned : 4; unsigned cts: 1; unsigned dsr: 1; } status;



Also, notice that the bits after dsr do not need to be specified if they are not used. It is valid to mix normal structure members with bit-fields. For example, struct emp { struct addr address; float pay; unsigned lay_off: 1; /* lay off or active */ unsigned hourly: 1; /* hourly pay or wage */ unsigned deductions: 3; /* IRS deductions */ };



defines an employee record that uses only 1 byte to hold three pieces of information: the employee's status, whether the employee is salaried, and the number of deductions. Without the bit-field, this information would have taken 3 bytes. Bit-fields have certain restrictions. You cannot take the address of a bit-field. Bitfields cannot be arrayed. They cannot be declared as static. You cannot know, from machine to machine, whether the fields will run from right to left or from left to right; this implies that any code using bit-fields may have some machine dependencies. Other restrictions may be imposed by various specific implementations.



Unions A union is a memory location that is shared by two or more different types of variables. A union provides a way of interpreting the same bit pattern in two or more different ways. Declaring a union is similar to declaring a structure. Its general form is union union-type-name { type member-name;
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. . . } union-variables; For example: union u_type { int i; char ch; };



This declaration does not create any variables. You may declare a variable either by placing its name at the end of the declaration or by using a separate declaration statement. In C, to declare a union variable called cnvt of type u_type using the definition just given, write union u_type cnvt;



When declaring union variables in C++, you need use only the type name— you don't need to precede it with the keyword union. For example, this is how cnvt is declared in C++: u_type cnvt;



In C++, preceding this declaration with the keyword union is allowed, but redundant. In C++, the name of a union defines a complete type name. In C, a union name is its tag and it must be preceded by the keyword union. (This is similar to the situation with structures described earlier.) However, since the programs in this chapter are valid for both C and C++, the C-style declaration form will be used. In cnvt, both integer i and character ch share the same memory location. Of course, i occupies 2 bytes (assuming 2-byte integers) and ch uses only 1. Figure 7-2 shows how i and ch share the same address. At any point in your program, you can refer to the data stored in a cnvt as either an integer or a character. When a union variable is declared, the compiler automatically allocates enough storage to hold the largest member of the union. For example (assuming 2-byte integers), cnvt is 2 bytes long so that it can hold i, even though ch requires only 1 byte.
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type member-name; type member-name;
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Figure 7-2.



How i and ch utilize the union cnvt (assume 2-byte integers)



To access a member of a union, use the same syntax that you would use for structures: the dot and arrow operators. If you are operating on the union directly, use the dot operator. If the union is accessed through a pointer, use the arrow operator. For example, to assign the integer 10 to element i of cnvt, write cnvt.i = 10;



In the next example, a pointer to cnvt is passed to a function: void func1(union u_type *un) { un->i = 10; /* assign 10 to cnvt through a pointer */ }



Unions are used frequently when specialized type conversions are needed because you can refer to the data held in the union in fundamentally different ways. For example, you may use a union to manipulate the bytes that comprise a double in order to alter its precision or to perform some unusual type of rounding. To get an idea of the usefulness of a union when nonstandard type conversions are needed, consider the problem of writing a short integer to a disk file. The C/C++ standard library defines no function specifically designed to write a short integer to a file. While you can write any type of data to a file using fwrite( ), using fwrite( ) incurs excessive overhead for such a simple operation. However, using a union you can easily create a function called putw( ), which writes the binary representation of a short integer to a file one byte at a time. (This example assumes that short integers are 2 bytes long.) To see how, first create a union consisting of one short integer and a 2-byte character array: union pw { short int i;
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Now, you can use pw to create the version of putw( ) shown in the following program. #include union pw { short int i; char ch[2]; }; int putw(short int num, FILE *fp); int main(void) { FILE *fp; fp = fopen("test.tmp", "wb+"); putw(1000, fp); fclose(fp);



/* write the value 1000 as an integer */



return 0; } int putw(short int num, FILE *fp) { union pw word; word.i = num; putc(word.ch[0], fp); /* write first half */ return putc(word.ch[1], fp); /* write second half */ }



Although putw( ) is called with a short integer, it can still use the standard function putc( ) to write each byte in the integer to a disk file one byte at a time.



C++ supports a special type of union called an anonymous union which is discussed in Part Two of this book.
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char ch[2]; };
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Enumerations An enumeration is a set of named integer constants that specify all the legal values a variable of that type may have. Enumerations are common in everyday life. For example, an enumeration of the coins used in the United States is penny, nickel, dime, quarter, half-dollar, dollar Enumerations are defined much like structures; the keyword enum signals the start of an enumeration type. The general form for enumerations is enum enum-type-name { enumeration list } variable_list; Here, both the type name and the variable list are optional. (But at least one must be present.) The following code fragment defines an enumeration called coin: enum coin { penny, nickel, dime, quarter, half_dollar, dollar};



The enumeration type name can be used to declare variables of its type. In C, the following declares money to be a variable of type coin. enum coin money;



In C++, the variable money may be declared using this shorter form: coin money;



In C++, an enumeration name specifies a complete type. In C, an enumeration name is its tag and it requires the keyword enum to complete it. (This is similar to the situation as it applies to structures and unions, described earlier.) Given these declarations, the following types of statements are perfectly valid: money = dime; if(money==quarter) printf("Money is a quarter.\n");



The key point to understand about an enumeration is that each of the symbols stands for an integer value. As such, they may be used anywhere that an integer may be used. Each symbol is given a value one greater than the symbol that precedes it. The value of the first enumeration symbol is 0. Therefore,
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displays 0 2 on the screen. You can specify the value of one or more of the symbols by using an initializer. Do this by following the symbol with an equal sign and an integer value. Symbols that appear after initializers are assigned values greater than the previous initialization value. For example, the following code assigns the value of 100 to quarter: enum coin { penny, nickel, dime, quarter=100, half_dollar, dollar};



Now, the values of these symbols are penny



0



nickel



1



dime



2



quarter



100



half_dollar



101



dollar



102



One common but erroneous assumption about enumerations is that the symbols can be input and output directly. This is not the case. For example, the following code fragment will not perform as desired: /* this will not work */ money = dollar; printf("%s", money);



Remember, dollar is simply a name for an integer; it is not a string. For the same reason, you cannot use this code to achieve the desired results: /* this code is wrong */ strcpy(money, "dime");



That is, a string that contains the name of a symbol is not automatically converted to that symbol.
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printf("%d %d", penny, dime);
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Actually, creating code to input and output enumeration symbols is quite tedious (unless you are willing to settle for their integer values). For example, you need the following code to display, in words, the kind of coins that money contains: switch(money) { case penny: printf("penny"); break; case nickel: printf("nickel"); break; case dime: printf("dime"); break; case quarter: printf("quarter"); break; case half_dollar: printf("half_dollar"); break; case dollar: printf("dollar"); }



Sometimes you can declare an array of strings and use the enumeration value as an index to translate that value into its corresponding string. For example, this code also outputs the proper string: char name[][12]={ "penny", "nickel", "dime", "quarter", "half_dollar", "dollar" }; printf("%s", name[money]);



Of course, this only works if no symbol is initialized, because the string array must be indexed starting at 0 in strictly ascending order using increments of 1. Since enumeration values must be converted manually to their human-readable string values for I/O operations, they are most useful in routines that do not make such conversions. An enumeration is often used to define a compiler's symbol table, for example. Enumerations are also used to help prove the validity of a program by providing a compile-time redundancy check confirming that a variable is assigned only valid values.
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You have seen that structures and unions can be used to create variables of different sizes, and that the actual size of these variables may change from machine to machine. The sizeof operator computes the size of any variable or type and can help eliminate machine-dependent code from your programs. This operator is especially useful where structures or unions are concerned. For the following discussion, assume an implementation, common to many C/C++ compilers, that has the sizes for data types shown here:



Type



Size in Bytes



char



1



int



4



double



8



Therefore, the following code will print the numbers 1, 4, and 8 on the screen: char ch; int i; double f; printf("%d", sizeof(ch)); printf("%d", sizeof(i)); printf("%d", sizeof(f));



The size of a structure is equal to or greater than the sum of the sizes of its members. For example,



struct s { char ch; int i; double f; } s_var;



Here, sizeof(s_var) is at least 13 (8 + 4 + 1). However, the size of s_var might be greater because the compiler is allowed to pad a structure in order to achieve word or paragraph alignment. (A paragraph is 16 bytes.) Since the size of a structure may be greater than the sum of the sizes of its members, you should always use sizeof when you need to know the size of a structure.
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Using sizeof to Ensure Portability
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Since sizeof is a compile-time operator, all the information necessary to compute the size of any variable is known at compile time. This is especially meaningful for unions, because the size of a union is always equal to the size of its largest member. For example, consider union u { char ch; int i; double f; } u_var;



Here, the sizeof(u_var) is 8. At run time, it does not matter what u_var is actually holding. All that matters is the size of its largest member, because any union must be as large as its largest element.



typedef You can define new data type names by using the keyword typedef. You are not actually creating a new data type, but rather defining a new name for an existing type. This process can help make machine-dependent programs more portable. If you define your own type name for each machine-dependent data type used by your program, then only the typedef statements have to be changed when compiling for a new environment. typedef also can aid in self-documenting your code by allowing descriptive names for the standard data types. The general form of the typedef statement is typedef type newname; where type is any valid data type and newname is the new name for this type. The new name you define is in addition to, not a replacement for, the existing type name. For example, you could create a new name for float by using typedef float balance;



This statement tells the compiler to recognize balance as another name for float. Next, you could create a float variable using balance: balance over_due;



Here, over_due is a floating-point variable of type balance, which is another word for float.
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typedef balance overdraft;



tells the compiler to recognize overdraft as another name for balance, which is another name for float. Using typedef can make your code easier to read and easier to port to a new machine, but you are not creating a new physical type.
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Now that balance has been defined, it can be used in another typedef. For example,
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++ supports two complete I/O systems. The first it inherits from C. The second is the object-oriented I/O system defined by C++. This and the next chapter discuss the C-like I/O system. (Part Two examines C++ I/O.) While you will probably want to use the C++ I/O system for most new projects, C-style I/O is still quite common, and knowledge of its features is fundamental to a complete understanding of C++. In C, input and output are accomplished through library functions. There are both console and file I/O functions. Technically, there is little distinction between console I/O and file I/O, but conceptually they are in very different worlds. This chapter examines in detail the console I/O functions. The next chapter presents the file I/O system and describes how the two systems relate. With one exception, this chapter covers only console I/O functions defined by Standard C++. Standard C++ does not define any functions that perform various screen control operations (such as cursor positioning) or that display graphics, because these operations vary widely between machines. Nor does it define any functions that write to a window or dialog box under Windows. Instead, the console I/O functions perform only TTY-based output. However, most compilers include in their libraries screen control and graphics functions that apply to the specific environment in which the compiler is designed to run. And, of course, you may use C++ to write Windows programs, but keep in mind that the C++ language does not directly define functions that perform these tasks. The Standard C I/O functions all use the header file stdio.h. C++ programs can also use the C++-style header . This chapter refers to the console I/O functions as performing input from the keyboard and output to the screen. However, these functions actually have the standard input and standard output of the system as the target and/or source of their I/O operations. Furthermore, standard input and standard output may be redirected to other devices. These concepts are covered in Chapter 9.



C



An Important Application Note Part One of this book uses the C-like I/O system because it is the only style of I/O that is defined for the C subset of C++. As explained, C++ also defines its own object-oriented I/O system. For most C++ applications, you will want to use the C++-specific I/O system, not the C I/O system described in this chapter. However, an understanding of C-based I/O is important for the following reasons:



■ At some point in your career you may be called upon to write code that is restricted to the C subset. In this case, you will need to use the C-like I/O functions. ■ For the foreseeable future, C and C++ will coexist. Also, many programs will be hybrids of both C and C++ code. Further, it will be common for C programs to be "upgraded" into C++ programs. Thus, knowledge of both the C and the C++
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■ An understanding of the basic principles behind the C-like I/O system is crucial to an understanding of the C++ object-oriented I/O system. (Both share the same general concepts.) ■ In certain situations (for example, in very short programs), it may be easier to use C's non-object-oriented approach to I/O than it is to use the object-oriented I/O defined by C++. In addition, there is an unwritten rule that any C++ programmer must also be a C programmer. If you don't know how to use the C I/O system, you will be limiting your professional horizons.



Reading and Writing Characters The simplest of the console I/O functions are getchar( ), which reads a character from the keyboard, and putchar( ), which prints a character to the screen. The getchar( ) function waits until a key is pressed and then returns its value. The key pressed is also automatically echoed to the screen. The putchar( ) function writes a character to the screen at the current cursor position. The prototypes for getchar( ) and putchar( ) are shown here: int getchar(void); int putchar(int c); As its prototype shows, the getchar( ) function is declared as returning an integer. However, you can assign this value to a char variable, as is usually done, because the character is contained in the low-order byte. (The high-order byte is normally zero.) getchar( ) returns EOF if an error occurs. In the case of putchar( ), even though it is declared as taking an integer parameter, you will generally call it using a character argument. Only the low-order byte of its parameter is actually output to the screen. The putchar( ) function returns the character written, or EOF if an error occurs. (The EOF macro is defined in stdio.h and is generally equal to −1.) The following program illustrates getchar( ) and putchar( ). It inputs characters from the keyboard and displays them in reverse case⎯that is, it prints uppercase as lowercase and lowercase as uppercase. To stop the program, enter a period. #include #include 
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I/O system will be necessary. For example, in order to change the C-style I/O functions into their C++ object-oriented equivalents, you will need to know how both the C and C++ I/O systems operate.
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int main(void) { char ch; printf("Enter some text (type a period to quit).\n"); do { ch = getchar(); if(islower(ch)) ch = toupper(ch); else ch = tolower(ch); putchar(ch); } while (ch != '.'); return 0; }



A Problem with getchar( ) There are some potential problems with getchar( ). Normally, getchar( ) is implemented in such a way that it buffers input until ENTER is pressed. This is called line-buffered input; you have to press ENTER before anything you typed is actually sent to your program. Also, since getchar( ) inputs only one character each time it is called, line-buffering may leave one or more characters waiting in the input queue, which is annoying in interactive environments. Even though Standard C/C++ specify that getchar( ) can be implemented as an interactive function, it seldom is. Therefore, if the preceding program did not behave as you expected, you now know why.



Alternatives to getchar( ) getchar( ) might not be implemented by your compiler in such a way that it is useful in an interactive environment. If this is the case, you might want to use a different function to read characters from the keyboard. Standard C++ does not define any function that is guaranteed to provide interactive input, but virtually all C++ compilers do. Although these functions are not defined by Standard C++, they are commonly used since getchar( ) does not fill the needs of most programmers. Two of the most common alternative functions, getch( ) and getche( ), have these prototypes: int getch(void); int getche(void);
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#include #include #include int main(void) { char ch; printf("Enter some text (type a period to quit).\n"); do { ch = getch(); if(islower(ch)) ch = toupper(ch); else ch = tolower(ch); putchar(ch); } while (ch != '.'); return 0; }



When you run this version of the program, each time you press a key, it is immediately transmitted to the program and displayed in reverse case. Input is no longer line-buffered. While the code in this book will not make further use of getch( ) or getche( ), they may be useful in the programs that you write. At the time of this writing, when using Microsoft's Visual C++ compiler, _getche( ) and _getch( ) are not compatible with the standard C/C++ input functions, such as scanf( ) or gets( ). Instead, you must use special versions of the standard functions, such as cscanf( ) or cgets( ). You will need to examine the Visual C++ documentation for details.
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For most compilers, the prototypes for these functions are found in the header file conio.h. For some compilers, these functions have a leading underscore. For example, in Microsoft's Visual C++, they are called _getch( ) and _getche( ). The getch( ) function waits for a keypress, after which it returns immediately. It does not echo the character to the screen. The getche( ) function is the same as getch( ), but the key is echoed. You will frequently see getche( ) or getch( ) used instead of getchar( ) when a character needs to be read from the keyboard in an interactive program. However, if your compiler does not support these alternative functions, or if getchar( ) is implemented as an interactive function by your compiler, you should substitute getchar( ) when necessary. For example, the previous program is shown here using getch( ) instead of getchar( ):
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Reading and Writing Strings The next step up in console I/O, in terms of complexity and power, are the functions gets( ) and puts( ). They enable you to read and write strings of characters. The gets( ) function reads a string of characters entered at the keyboard and places them at the address pointed to by its argument. You may type characters at the keyboard until you press ENTER. The carriage return does not become part of the string; instead, a null terminator is placed at the end and gets( ) returns. In fact, you cannot use gets( ) to return a carriage return (although getchar( ) can do so). You can correct typing mistakes by using the backspace key before pressing ENTER. The prototype for gets( ) is char *gets(char *str); where str is a character array that receives the characters input by the user. gets( ) also returns str. The following program reads a string into the array str and prints its length: #include #include int main(void) { char str[80]; gets(str); printf("Length is %d", strlen(str)); return 0; }



You need to be careful when using gets( ) because it performs no boundary checks on the array that is receiving input. Thus, it is possible for the user to enter more characters than the array can hold. While gets( ) is fine for sample programs and simple utilities that only you will use, you will want to avoid its use in commercial code. One alternative is the fgets( ) function described in the next chapter, which allows you to prevent an array overrun. The puts( ) function writes its string argument to the screen followed by a newline. Its prototype is: int puts(const char *str); puts( ) recognizes the same backslash codes as printf( ), such as '\t' for tab. A call to puts( ) requires far less overhead than the same call to printf( ) because puts( )
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puts("hello");



Table 8-1 summarizes the basic console I/O functions. The following program, a simple computerized dictionary, demonstrates several of the basic console I/O functions. It prompts the user to enter a word and then checks to see if the word matches one in its built-in database. If a match is found, the program prints the word's meaning. Pay special attention to the indirection used in this program. If you have any trouble understanding it, remember that the dic array is an array of pointers to strings. Notice that the list must be terminated by two nulls.



Function



Operation



getchar( )



Reads a character from the keyboard; waits for carriage return.



getche( )



Reads a character with echo; does not wait for carriage return; not defined by Standard C/C++, but a common extension.



getch( )



Reads a character without echo; does not wait for carriage return; not defined by Standard C/C++, but a common extension.



putchar( )



Writes a character to the screen.



gets( )



Reads a string from the keyboard.



puts( )



Writes a string to the screen.



Table 8-1.



The Basic I/O Functions
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can only output a string of characters⎯it cannot output numbers or do format conversions. Therefore, puts( ) takes up less space and runs faster than printf( ). For this reason, the puts( ) function is often used when it is important to have highly optimized code. The puts( ) function returns EOF if an error occurs. Otherwise, it returns a nonnegative value. However, when writing to the console, you can usually assume that no error will occur, so the return value of puts( ) is seldom monitored. The following statement displays hello:
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/* A simple dictionary. */ #include #include #include /* list of words and meanings */ char *dic[][40] = { "atlas", "A volume of maps.", "car", "A motorized vehicle.", "telephone", "A communication device.", "airplane", "A flying machine.", "", "" /* null terminate the list */ }; int main(void) { char word[80], ch; char **p; do { puts("\nEnter word: "); scanf("%s", word); p = (char **)dic; /* find matching word and print its meaning */ do { if(!strcmp(*p, word)) { puts("Meaning:"); puts(*(p+1)); break; } if(!strcmp(*p, word)) break; p = p + 2; /* advance through the list */ } while(*p); if(!*p) puts("Word not in dictionary."); printf("Another? (y/n): "); scanf(" %c%*c", &ch); } while(toupper(ch) != 'N'); return 0; }
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The functions printf( ) and scanf( ) perform formatted output and input⎯that is, they can read and write data in various formats that are under your control. The printf( ) function writes data to the console. The scanf( ) function, its complement, reads data from the keyboard. Both functions can operate on any of the built-in data types, including characters, strings, and numbers.



printf( ) The prototype for printf( ) is int printf(const char *control_string, ...); The printf( ) function returns the number of characters written or a negative value if an error occurs. The control_string consists of two types of items. The first type is composed of characters that will be printed on the screen. The second type contains format specifiers that define the way the subsequent arguments are displayed. A format specifier begins with a percent sign and is followed by the format code. There must be exactly the same number of arguments as there are format specifiers, and the format specifiers and the arguments are matched in order from left to right. For example, this printf( ) call printf("I like %c%s", 'C', "++ very much!");



displays I like C++ very much!



The printf( ) function accepts a wide variety of format specifiers, as shown in Table 8-2.



Code



Format



%c



Character



%d



Signed decimal integers



Table 8-2.



printf( ) Format Specifiers
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Code



Format



%i



Signed decimal integers



%e



Scientific notation (lowercase e)



%E



Scientific notation (uppercase E)



%f



Decimal floating point



%g



Uses %e or %f, whichever is shorter



%G



Uses %E or %F, whichever is shorter



%o



Unsigned octal



%s



String of characters



%u



Unsigned decimal integers



%x



Unsigned hexadecimal (lowercase letters)



%X



Unsigned hexadecimal (uppercase letters)



%p



Displays a pointer



%n



The associated argument must be a pointer to an integer. This specifier causes the number of characters written so far to be put into that integer.



%%



Prints a % sign



Table 8-2.



printf( ) Format Specifiers (continued)



Printing Characters To print an individual character, use %c. This causes its matching argument to be output, unmodified, to the screen. To print a string, use %s.



Printing Numbers You may use either %d or %i to indicate a signed decimal number. These format specifiers are equivalent; both are supported for historical reasons. To output an unsigned value, use %u. The %f format specifier displays numbers in floating point.
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x.dddddE+/−yy If you want to display the letter "E" in uppercase, use the %E format; otherwise use %e. You can tell printf( ) to use either %f or %e by using the %g or %G format specifiers. This causes printf( ) to select the format specifier that produces the shortest output. Where applicable, use %G if you want "E" shown in uppercase; otherwise, use %g. The following program demonstrates the effect of the %g format specifier: #include int main(void) { double f; for(f=1.0; f> to input a variable of any of the basic data types plus strings. The line of code just described is not misprinted. Specifically, there is not supposed to be an & in front of the i. When inputting information using a C-based function like scanf( ), you have to explicitly pass a pointer to the variable that will receive the information. This means preceding the variable name with the "address of" operator, &. However, because of the way the >> operator is implemented in C++, you do not need (in fact, must not use) the &. The reason for this is explained in Chapter 13. Although it is not illustrated by the example, you are free to use any of the C-based input functions, such as scanf( ), instead of using >>. However, as with cout, most programmers feel that cin >> is more in the spirit of C++. Another interesting line in the program is shown here: cout f >> d; cout > str; cout b = base; this->e = exp; this->val = 1; if(exp==0) return; for( ; exp>0; exp--) this->val = this->val * this->b; }



Actually, no C++ programmer would write pwr( ) as just shown because nothing is gained, and the standard form is easier. However, the this pointer is very important
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when operators are overloaded and whenever a member function must utilize a pointer to the object that invoked it. Remember that the this pointer is automatically passed to all member functions. Therefore, get_pwr( ) could also be rewritten as shown here: double get_pwr() { return this->val; }



In this case, if get_pwr( ) is invoked like this: y.get_pwr();



then this will point to object y. Two final points about this. First, friend functions are not members of a class and, therefore, are not passed a this pointer. Second, static member functions do not have a this pointer.



Pointers to Derived Types In general, a pointer of one type cannot point to an object of a different type. However, there is an important exception to this rule that relates only to derived classes. To begin, assume two classes called B and D. Further, assume that D is derived from the base class B. In this situation, a pointer of type B * may also point to an object of type D. More generally, a base class pointer can also be used as a pointer to an object of any class derived from that base. Although a base class pointer can be used to point to a derived object, the opposite is not true. A pointer of type D * may not point to an object of type B. Further, although you can use a base pointer to point to a derived object, you can access only the members of the derived type that were inherited from the base. That is, you won't be able to access any members added by the derived class. (You can cast a base pointer into a derived pointer and gain full access to the entire derived class, however.) Here is a short program that illustrates the use of a base pointer to access derived objects. #include using namespace std; class base { int i; public: void set_i(int num) { i=num; } int get_i() { return i; }
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}; class derived: public base { int j; public: void set_j(int num) { j=num; } int get_j() { return j; } };



bp = &d; // base pointer points to derived object // access derived object using base pointer bp->set_i(10); cout get_i() set_j(88); // error cout get_j(); // error */ return 0; }



As you can see, a base pointer is used to access an object of a derived class. Although you must be careful, it is possible to cast a base pointer into a pointer of the derived type to access a member of the derived class through the base pointer. For example, this is valid C++ code: // access now allowed because of cast ((derived *)bp)->set_j(88); cout get_j();



It is important to remember that pointer arithmetic is relative to the base type of the pointer. For this reason, when a base pointer is pointing to a derived object, incrementing the pointer does not cause it to point to the next object of the derived type. Instead, it will point to what it thinks is the next object of the base type. This,
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int main() { base *bp; derived d;
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of course, usually spells trouble. For example, this program, while syntactically correct, contains this error. // This program contains an error. #include using namespace std; class base { int i; public: void set_i(int num) { i=num; } int get_i() { return i; } }; class derived: public base { int j; public: void set_j(int num) {j=num;} int get_j() {return j;} }; int main() { base *bp; derived d[2]; bp = d; d[0].set_i(1); d[1].set_i(2); cout get_i() * operator, as illustrated in this version of the preceding program: #include using namespace std; class cl { public: cl(int i) { val=i; } int val; int double_val() { return val+val; } }; int main() { int cl::*data; // data member pointer int (cl::*func)(); // function member pointer cl ob1(1), ob2(2); // create objects cl *p1, *p2; p1 = &ob1; // access objects through a pointer p2 = &ob2; data = &cl::val; // get offset of val func = &cl::double_val; // get offset of double_val() cout get_bal(n, s); cout operators for I/O. Although the I/O operations have no relationship to bit shifting, these operators provide a visual "clue" as to their meaning relative to both I/O and bit shifting, and this decoupling works. In general, however, it is best to stay within the context of the expected meaning of an operator when overloading it. Except for the = operator, operator functions are inherited by a derived class. However, a derived class is free to overload any operator (including those overloaded by the base class) it chooses relative to itself.
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loc() {} // needed to construct temporaries loc(int lg, int lt) { longitude = lg; latitude = lt; } void show() { cout ( ) operates upon. The element must be some member accessible within the object. The following program illustrates overloading the –> by showing the equivalence between ob.i and ob–>i when operator–>( ) returns the this pointer: #include using namespace std; class myclass { public: int i; myclass *operator->() {return this;} }; int main() { myclass ob;
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ob->i = 10; // same as ob.i cout vfunc(); // access derived1's vfunc() // point to derived2 p = &d2; p->vfunc(); // access derived2's vfunc()
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class derived1 : public base { public: void vfunc() { cout vfunc(); // access derived1's vfunc() // point to derived2 p = &d2; p->vfunc(); // use base's vfunc() return 0; }



The program produces this output: This is base's vfunc(). This is derived1's vfunc(). This is base's vfunc().



Because derived2 does not override vfunc( ), the function defined by base is used when vfunc( ) is referenced relative to objects of type derived2. The preceding program illustrates a special case of a more general rule. Because inheritance is hierarchical in C++, it makes sense that virtual functions are also hierarchical. This means that when a derived class fails to override a virtual function, the first redefinition found in reverse order of derivation is used. For example, in the following program, derived2 is derived from derived1, which is derived from base. However, derived2 does not override vfunc( ). This means that, relative to derived2,
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// point to base p = &b; p->vfunc(); // access base's vfunc()
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the closest version of vfunc( ) is in derived1. Therefore, it is derived1::vfunc( ) that is used when an object of derived2 attempts to call vfunc( ). #include using namespace std; class base { public: virtual void vfunc() { cout vfunc(); // access derived1's vfunc()
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// point to derived2 p = &d2; p->vfunc(); // use derived1's vfunc() return 0; }



The program displays the following:



Pure Virtual Functions As the examples in the preceding section illustrate, when a virtual function is not redefined by a derived class, the version defined in the base class will be used. However, in many situations there can be no meaningful definition of a virtual function within a base class. For example, a base class may not be able to define an object sufficiently to allow a base-class virtual function to be created. Further, in some situations you will want to ensure that all derived classes override a virtual function. To handle these two cases, C++ supports the pure virtual function. A pure virtual function is a virtual function that has no definition within the base class. To declare a pure virtual function, use this general form: virtual type func-name(parameter-list) = 0; When a virtual function is made pure, any derived class must provide its own definition. If the derived class fails to override the pure virtual function, a compile-time error will result. The following program contains a simple example of a pure virtual function. The base class, number, contains an integer called val, the function setval( ), and the pure virtual function show( ). The derived classes hextype, dectype, and octtype inherit number and redefine show( ) so that it outputs the value of val in each respective number base (that is, hexadecimal, decimal, or octal). #include using namespace std; class number {
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This is base's vfunc(). This is derived1's vfunc(). This is derived1's vfunc().
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protected: int val; public: void setval(int i) { val = i; } // show() is a pure virtual function virtual void show() = 0; }; class hextype : public number { public: void show() { cout items[b]) { // exchange elements t = items[b-1]; items[b-1] = items[b]; items[b] = t; } } int main() { int iarray[7] = {7, 5, 4, 3, 9, 8, 6}; double darray[5] = {4.3, 2.5, -0.9, 100.2, 3.0}; int i; cout "; return stream;
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} // Left Arrow ostream &la(ostream &stream) { stream 1233.23 Over draft -------> 567.66 
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