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C++ Reference Notes


Preprocessor Commands

The C++ preprocessor runs before any other compilation happens. Commands given to the preprocessor allow the programmer to define variables, perform text substitution, and test simple conditions. 

	# and ##
	manipulate strings

	#define
	define variables

	#error
	display an error message

	#if, #ifdef, #ifndef, #else, #elif, and #endif
	conditional operators

	#include
	insert the contents of another file

	#line
	set line and file information

	#pragma
	implementation specific command

	#undef
	used to undefine variables

	Predefined preprocessor variables
	miscellaneous preprocessor variables


# and ##

The # and ## preprocessor operators are used with the #define macro. 

· Using # causes the first argument after the # to be returned as a string in quotes. 

· Using ## concatenates what's before the ## with what's after it.

For example, the command 

     #define to_string( s ) # s
will make the compiler turn this command 

     cout << to_string( Hello World! ) << endl;

into 

     cout << "Hello World!" << endl;

Here is an example of the ## command: 

     #define concatenate( x, y ) x ## y
     ...

     int xy = 10;

     ...

This code will make the compiler turn 

     cout << concatenate( x, y ) << endl;

into 

     cout << xy << endl;

which will, of course, display '10' to standard output. 

Related topics: #define 

#define

Syntax: 

    #define macro-name replacement-string
The #define command is used to make substitutions throughout the file in which it is located. In other words, #define causes the compiler to go through the file, replacing every occurrence of macro-name with replacement-string. The replacement string stops at the end of the line. 

Here's a typical use for a #define (at least in C): 

     #define TRUE 1
     #define FALSE 0
     ...

     int done = 0;

     while( done != TRUE ) {
        ...

     }
Another feature of the #define command is that it can take arguments, making it rather useful as a pseudo-function creator. Consider the following code: 

     #define absolute_value( x ) ( ((x) < 0) ? -(x) : (x) )
     ...

     int num = -1;

     while( absolute_value( num ) ) {
        ...

     }
It's generally a good idea to use extra parentheses when using complex macros. Notice that in the above example, the variable “x” is always within it's own set of parentheses. This way, it will be evaluated in whole, before being compared to 0 or multiplied by -1. Also, the entire macro is surrounded by parentheses, to prevent it from being contaminated by other code. If you're not careful, you run the risk of having the compiler misinterpret your code. Here is an example of how to use the #define command to create a general purpose incrementing for loop that prints out the integers 1 through 20: 

   #define count_up( v, low, high ) \
     for( (v) = (low); (v) <= (high); (v)++ )
 

   ...

 

   int i;

   count_up( i, 1, 20 ) {
     printf( "i is %d\n", i );

   }
#error

Syntax: 

    #error message
The #error command simply causes the compiler to stop when it is encountered. When an #error is encountered, the compiler spits out the line number and whatever message is. This command is mostly used for debugging. 

Preprocessor Conditionals

#if, #ifdef, #ifndef, #else, #elif, #endif
These six preprocessor commands give simple logic control to the compiler. As a file is being compiled, you can use these commands to cause certain lines of code to be included or not included. 

     #if expression
If the value of expression is true, then the code that immediately follows the command will be compiled. 

     #ifdef macro
If the macro has been defined by a #define statement, then the code immediately following the command will be compiled. 

     #ifndef macro
If the macro has not been defined by a #define statement, then the code immediately following the command will be compiled. 

A few side notes: The command #elif is simply a horribly truncated way to say “elseif” and works like you think it would. You can also throw in a “defined” or ”!defined” after an #if to get added functionality. 

Here's an example of all these: 

     #ifdef DEBUG
       cout << "This is the test version, i=" << i << endl;

     #else
       cout << "This is the production version!" << endl;

     #endif
You might notice how that second example could make debugging a lot easier than inserting and removing a million “cout”s in your code. 

Related topics: #define 

#include

Syntax: 

    #include <filename>
    #include "filename"
This command slurps in a file and inserts it at the current location. The main difference between the syntax of the two items is that if filename is enclosed in angled brackets, then the compiler searches for it somehow. If it is enclosed in quotes, then the compiler doesn't search very hard for the file. 

While the behavior of these two searches is up to the compiler, usually the angled brackets means to search through the standard library directories, while the quotes indicate a search in the current directory. The spiffy new C++ #include commands don't need to map directly to filenames, at least not for the standard libraries. That's why you can get away with 

     #include <iostream>
…and not have the compiler choke on you. 

#line

Syntax: 

    #line line_number "filename"
The #line command is simply used to change the value of the LINE and FILE variables. The filename is optional. The LINE and FILE variables represent the current file and which line is being read. The command 

     #line 10 "main.cpp"
…changes the current line number to 10, and the current file to “main.cpp”. 

#pragma

    #pragma lexems
The #pragma command gives the programmer the ability to tell the compiler to do certain things. Since the #pragma command is implementation specific, uses vary from compiler to compiler. One option might be to trace program execution. 

#undef

The #undef command undefines a previously defined macro variable, such as a variable defined by a #define. 

Related topics: #define 

Predefined preprocessor variables

Syntax: 

    __LINE__

    __FILE__

    __DATE__

    __TIME__

    __cplusplus

    __STDC__

The following variables can vary by compiler, but generally work: 

· The __LINE__ and __FILE__ variables represent the current line and current file being processed.

· The __DATE__ variable contains the current date, in the form month/day/year. This is the date that the file was compiled, not necessarily the current date.

· The __TIME__ variable represents the current time, in the form hour:minute:second. This is the time that the file was compiled, not necessarily the current time.

· The __cplusplus variable is only defined when compiling a C++ program. In some older compilers, this is also called c_plusplus.

· The __STDC__ variable is defined when compiling a C program, and may also be defined when compiling C++.

C++ Data Types

C++ programmers have access to the five data types for C: void, int, float, double, and char. 

	Type
	Description

	void
	associated with no data type

	int
	integer

	float
	floating-point number

	double
	double precision floating-point number

	char
	character


In addition, C++ defines two more: bool and wchar_t. 

	Type
	Description

	bool
	Boolean value, true or false

	wchar_t
	wide character


Top of Form

Bottom of Form

Type Modifiers

Several of these types can be modified using the keywords signed, unsigned, short, and long. When one of these type modifiers is used by itself, a data type of int is assumed. A complete list of possible data types follows (equivalent types are displayed in the same row): 

	integer types

	bool

	char
	signed char

	unsigned char

	short
	short int
	signed short int

	unsigned short
	unsigned short int

	int
	signed int

	unsigned
	unsigned int

	long
	long int
	signed long
	signed long int

	unsigned long
	unsigned long int

	floating point types

	float

	double

	long double

	optionally supported integer types

	long long
	signed long long
	long long int
	signed long long int

	unsigned long long
	unsigned long long int

	wchar_t
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Type Sizes and Ranges

The size and range of any data type is compiler and architecture dependent. The “cfloat” (or “float.h”) header file often defines minimum and maximum values for the various data types. You can use the sizeof operator to determine the size of any data type (frequently expressed as a number of bytes). However, many architectures implement data types of a standard size. ints and floats are often 32-bit, chars 8-bit, and doubles are usually 64-bit. bools are often implemented as 8-bit data types. long long type is 64-bit. 

Limits for numeric values are defined in the <limits> header. The templatized values of numeric_limits provide system-dependant numerical representations of the C++ data types. Use the appropriate function given the data type as the template argument as shown in the table below. Note that numeric_limits can be overloaded for user-defined types as well. 

	Method
	Return
	Description

	is_specialized
	bool
	

	radix
	int
	base of exponent

	digits
	int
	number of radix digits in mantissa

	digits10
	int
	number of base 10 digits in mantissa

	is_signed
	bool
	

	is_integer
	bool
	

	is_exact
	bool
	

	min
	<type>
	smallest number that can be respresented (not the most negative)

	max
	<type>
	largest number

	epsilon
	<type>
	inherent representation error value

	round_error
	<type>
	maximum rounding adjustment possible

	infinity
	<type>
	

	quiet_NaN
	<type>
	invalid number that does not signal floating point error

	signaling_NaN
	<type>
	invalid number that signals floating point error

	denorm_min
	<type>
	

	min_exponent
	int
	

	min_exponent10
	int
	

	max_exponent
	int
	

	max_exponent10
	int
	

	has_infinity
	bool
	

	has_quiet_NaN
	bool
	

	has_signaling_NaN
	bool
	

	has_denorm
	<type>_denorm_style
	

	has_denorm_loss
	bool
	

	is_iec559
	bool
	conforms to IEC-559

	is_bounded
	bool
	

	is_modulo
	bool
	

	traps
	bool
	

	tinyness_before
	bool
	

	round_style
	float_round_style { round_to_nearest, … }
	


The most common usage is in bounds checking, to determine the minimum and maximum values a data type can hold. The following code prints out the minimum and maximum values for a short on the system it is run. 

  #include <limits>
  std::cout << "Maximum short value: " << std::numeric_limits<short>::max() << std::endl;

  std::cout << "Minimum short value: " << std::numeric_limits<short>::min() << std::endl;
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Reading Type Declarations

Simple type declarations are easy to understand: 

  int i

However, it can be tricky to parse a more complicated type declarations: 

  double **d[8]              // hmm...
  char *(*(**foo [][8])())[] // augh! what is foo?
To understand the above declarations, follow three rules: 

1. Start at the variable name (d or foo in the examples above)

2. End with the data type (double or char above)

3. Go right when you can, and left when you must. (Grouping parentheses can cause you to bounce left.)

For example: 

	Expression
	Meaning

	double **d[8]; 
	

	 **[8]; 
	d is … double 

	 **; 
	d is an array of 8 … double 

	 *; 
	d is an array of 8 pointer to … double 

	; 
	d is an array of 8 pointer to pointer to double 


Another example: 

	Expression
	Meaning

	char *(*(**foo [][8])())[] 
	

	 *(*(** [][8])())[] 
	foo is … char 

	 *(*(**[8])())[] 
	foo is an array of … char 

	 *(*(**)())[] 
	foo is an array of an array of 8 … char 

	 *(*(*)())[] 
	foo is an array of an array of 8 pointer to … char 

	 *(*())[] 
	foo is an array of an array of 8 pointer to pointer to … char 

	 *(*)[] 
	foo is an array of an array of 8 pointer to pointer to function returning … char 

	 *[] 
	foo is an array of an array of 8 pointer to pointer to function returning pointer to … char 

	 * 
	foo is an array of an array of 8 pointer to pointer to function returning pointer to array of … char 

	 
	foo is an array of an array of 8 pointer to pointer to function returning pointer to array of pointer to char 


For a much more detailed explanation, see Steve Friedl's excellent description of how to read C declarations at http://www.unixwiz.net/techtips/reading-cdecl.html. 

if

Syntax: 

    if( conditionA ) {
      statement-listA;

    }
    else if( conditionB ) {
      statement-listB;

    }
    ...

    else {
      statement-listN;

    }
The if construct is a branching mechanism that allows different code to execute under different conditions. The conditions are evaluated in order, and the statement-list of the first condition to evaluate to true is executed. If no conditions evaluate to true and an else statement is present, then the statement list within the else block will be executed. All of the else blocks are optional. 

Related Topics: else, for, switch, while 
for

Syntax: 

    for( initialization; test-condition; increment ) {
    statement-list;

    }
The for construct is a general looping mechanism consisting of 4 parts: 

  1. 
The initialization, which consists of 0 or more comma-delimited variable initialization statements.

  2. 
The test-condition, which is evaluated to determine if the execution of the for loop will continue.
  3. 
The increment, which consists of 0 or more comma-delimited statements that increment variables.

  4. 
The statement-list, which consists of 0 or more statements that will be executed each time the loop is executed.

For example: 

     for( int i = 0; i < 10; i++ ) {
       cout << "i is " << i << endl;

     }
     int j, k;

     for( j = 0, k = 10;

          j < k;

          j++, k-- ) {
       cout << "j is " << j << " and k is " << k << endl;

     }
     for( ; ; ) {
       // loop forever!
     }
Related Topics: break, continue, do, if, while 

while

Syntax: 

    while( condition ) {
    statement-list;

    }
The while keyword is used as a looping construct that will evaluate the statement-list as long as condition is true. Note that if the condition starts off as false, the statement-list will never be executed. (You can use a do loop to guarantee that the statement-list will be executed at least once.) 

For example: 

     bool done = false;

     while( !done ) {
       ProcessData();

       if( StopLooping() ) {
         done = true;

       }
     }
Related Topics: break, continue, do, for, if 
do

Syntax: 

    do {
    statement-list;

    } while( condition );

The do construct evaluates the given statement-list repeatedly, until condition becomes false. Note that every do loop will evaluate its statement list at least once, because the terminating condition is tested at the end of the loop. 

Related Topics: break, continue, for, while 

break

The break keyword is used to break out of a do, for, or while loop. It is also used to finish each clause of a switch statement, keeping the program from “falling through” to the next case in the code. An example: 

     while( x < 100 ) {
       if( x < 0 )
         break;

       cout << x << endl;

       x++;

     }
A given break statement will break out of only the closest loop, no further. If you have a triply-nested for loop, for example, you might want to include extra logic or a goto statement to break out of the loop. 

Related Topics: continue, do, for, goto, switch, while
continue

The continue statement can be used to bypass iterations of a given loop. For example, the following code will display all of the numbers between 0 and 20 except 10: 

     for( int i = 0; i < 21; i++ ) {
       if( i == 10 ) {
         continue;

       }
       cout << i << " ";

     }
Related Topics: break, do, for, while 

switch

Syntax: 

    switch( expression ) {
    case A:
    statement list;

    break;

    case B:
    statement list;

    break;

    ...

    case N:
    statement list;

    break;

    default:
    statement list;

    break;

    }
The switch statement allows you to test an expression for many values, and is commonly used as a replacement for multiple if()…else if()…else if()… statements. break statements are required between each case statement, otherwise execution will “fall-through” to the next case statement. The default case is optional. If provided, it will match any case not explicitly covered by the preceding cases in the switch statement. For example: 

     char keystroke = getch();

     switch( keystroke ) {
       case 'a':
       case 'b':
       case 'c':
       case 'd':
         KeyABCDPressed();

         break;

       case 'e':
         KeyEPressed();

         break;

       default:
         UnknownKeyPressed();

         break;

     }
Related Topics: break, case, default, if 
case

The case keyword is used to test a variable against a certain value in a switch statement. 

Related Topics: default, switch 

default

A default case in the switch statement. 

Related Topics: case, switch 
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