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    IS12 – Introduction to Programming

Date:  February 19, 2003

Preprocessor Directives - #define

The preprocessor directives include #define and the #include.  The #define directive is used to create constants.  When the #define is used any occurrence of the identifer will be replaced before the program is compiled.  Example:

#define PI 3.14159

Wherever this is referred to in a program, it will place 3.14159 in place of PI.  

Another example:

#define AGELIMIT 21

.

if (employeeAge < AGELIMIT)

    /*logic here when true   */

AGELIMIT will be replaced with 21 in the statement.

Use upperclase letters for constants so as to distinquish from other types of variables.  Defining and using constants at the beginning of the program will facilitate easier program maintenance.  Defining the constant prior to main will allow for the constant to be used by all logic thereafter in the program.

Another type of preprocessor directive is the macro.  A macro is defined with a #define preprocessor directive statement.  For example:

#define PI 3.14159

#define CIRCLE_AREA(X) ( (PI) * (x) * (x) )

Whenever we call this as in 

area = CIRCLE_AREA(10);

the value of 10 is substitued for x in the replacement define preprocessor directive.  This expands to 

area  = ( ( 3.14159) * (10) * (10) );

Preprocessor Directive - #include
The #include statement is a merge-type of operation.  Right before the program is compiled, the #include command is replaced with the file content specified in the #include statement.  The #include has two formats

#include <filename>

#include “filename”

See chapter seven as an example of code usage.  When including the filename, be aware that some operating sytems, such as unix, are case-sensitive.  To use a built-in library function, you must include the .h (header file) in the include statement.  Header files are text files that contain C code.  An example of this is the

#include <stdio.h>

This preprocessor directive allows us to use functions printf and scanf in our programs. 

Header Files

Various standard libraries are available that contain function prototypes and function definitions. To create a library file, type it and save it with a .h extension.  The use the #include preprocessor directive to include the header file in your program. 
Functions
The focus of functions or modules or subprograms is to facilitate large programming activities such as design, implementation, operation, and maintenance. Program modules are also referred to as functions.  Languages such as Pascal call functions procedures so be aware of the different terminology that represents the same thing in programming.  

There are two ways to work with functions.  These include standard functions that are already defined and are available from the appropriate library (like stdio.h), as well as functions written by the programmer.

Functions defined in the standard library are readily available to the programmer.  To use these standard functions, the programmer must know what the purpose of the function is, as well as what the function needs in terms of data (input) and what type of results it will return (information).  These include functions to perform operations such as mathematical capabilities, string manipulations, character manipulations, input/output, error checking, etc  Common standard function libraries include:  stdio.h (printf and scanf functions), stdlib.h (contains the rand function for random number generation), string.h (functions for string processing), math.h (functions for math library), ctype.h (functions for character manipulations), errno.h (error reporting function conditions), and time.h (contains functions for time and date).  Thus, we must include the appropriate preprocesor directive in the program if we want to use any of the functions found in the standard libraries.

Random Number Generation using the standard library #include <stdlib.h>

The rand function generates a integer value between 0 and 32767.   rand() % 6 generates integer values in the range of 0  to  5.  One is added to shift the numbers being generated.. 
unsigned is used which is short for unsigned int.  The range can be from 0 to 65,535.  
Generalize random formula with 
n = a + rand() % b; 
a is the shifting value (first value in the range of consecutive integers) 
b is the scaling factor (width of the desired range of consecutive integers) 

Sample program using the rand() function

#include <stdio.h>

#include <stdlib.h>

int main()

{

   int i;

   for ( i = 1; i <= 20; i++ ) {

      printf( "%10d", 1 + ( rand() % 6 ) );

      if ( i % 5 == 0 )

         printf( "\n" );

   }

   return 0;

}
Functions that are written by the programmer are referred to as programmer-defined functions.   As we break a program into modules or functions, we need to have each function perform a specific task.  This is the philosophy of problem solving and top down design.  Using functions helps in the divide-and-conquer programming development  Structure charts are often used to show the breakdown of all of the modules.

Cohesive functions or subprograms - can be defined as the degree to which the function or subprogram performs a single task.  Functions also lend themselves to software reusability.  This allows previously defined code to be reused by other programs. 
A function is invoked by a function call.  The function call indicates the name of the function and provides arguments (another name for arguments is parameter or variable) that the called function needs to complete the task. 

calling function 

arguments 

called function 

return 

Using functions eliminates duplication of code.  Placing code in a function and calling it from various locations is easier than duplicating the code in each area. 
Function definitions - function is called to perform a specific task.  
Describe the terms function call (invoke) 
Variables defined in a function are called local variables and can only be used by the function.  
Main is a function that calls standard library functions to perform its tasks. 
General syntax: 
// comments throughout program 
preprocessor directives 
global variables
function declaration one or function prototype 
function declaration n or function prototype 
int main () 
{ 
 
main program data declarations 
 
statements 
 } 
 function implementation one 


local variables


logic for the function
function implementation n 

local variables


logic for the function
Source (Nance & Lambert, 1996) 
The function prototype informs the compiler various components of the function, as well as parameters being passed.  The compiler refers to the function prototype to check calls to a function have the correct return type, correct number of arguments and correct argument types and that the arguments are in the correct order. The function definition or function implementation describes the specific tasks the function will perform.  It also indicates what type of return type which is the type of value that will returned to the caller (if expected)  A return type of void will not return any value from the called function to the caller function. If a return type must be indicated and the programmer forgot to include the appropriate code, the compiler, by default, may assume a return type of int.  This may cause further logic problems with the program.
The format of the function definition is as follows: 

return type function name(list of parameters) 

{ 

optional function declarations //local variables


executable statements ;

} 

The function name is a valid identifier 
The return type could be: 
void if nothing is to returned from the function or it could declare a data type for the function name.  This describes what type of value will be returned to the caller. 
Sample program using a programmer-defined function:

#include <stdio.h>

int square( int );   /* function prototype */

int main()

{

   int x;

   for ( x = 1; x <= 10; x++ )

      printf( "%d  ", square( x ) );

   printf( "\n" );

   return 0;

}

/* Function definition */

int square( int y )

{

   return y * y;

}

x is expected to be passed to the square function.  x is called the integer parameter.  The int before the function name square indicates the return type from the square function.  In other words, square will return an integer result to be printf from the calling program. 
Do not define one function inside of another.  Nested function definitions cause compilation errors.  
Functions should usually perform one specific task. 
Consistency on function prototype, function header, and function calls should all agree in the return type, number, type,  and order of arguments and parameters. 
The return statement will either return; or return expression; 
Stub programming involves testing one or more functions for accuracy and performance.  Usually the programmer includes a main driver program to test the various functions.  
Flowcharting symbol for functions is predefined when calling and terminals to begin and end. 
Function Prototypes
The function prototype consists of the return type, the functions name, the number and types of parameters (arguments) upon invocation of the function.  The function prototype is used to validate function calls.  The paramter names could be used but they would be for documentation purposes, and the compiler ignores the names 
General form of the function prototype is: 
return type   name of function(list of type and optional  type function parameter names); 
The function prototype must end with a semicolon.  If not, this will cause a syntax error. 
Coercion of arguments - When calling a function, the parameters or arguments should correspond.  If not, the compiler will convert based on promotion rules.  Be careful when going from a higher data type to a lower data type. 
Examples int to double (adds .0 to the number) and double to int (fractional parts are lost). 
Sample program

The program is written to play the craps dice game. The player rolls two dice.  If the sum of the two is seven or eleven the player wins.  If the sum is a 2, 3, or a 12 "CRAPS" the player loses and the house wins.  If the sum is 4, 5, 6, 8, 10 that sum becomes the points that the player must roll to win the game.  If the roll is a 7 before then, the player loses and the house wins. 

Sample program using programmer defined functions

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

int rollDice( void );

int main()

{ 

   int gameStatus, sum, myPoint;

   srand( time( NULL ) );

   sum = rollDice(  );          

   switch( sum ) {

      case 7: case 11:          

         gameStatus = 1;

         break;

      case 2: case 3: case 12: 

         gameStatus = 2;

         break;

      default:                  

         gameStatus = 0;

         myPoint = sum;

         printf( "Point is %d\n", myPoint );

         break;

   }

   while ( gameStatus == 0 ) {    /* keep rolling */

      sum = rollDice(  );

      if ( sum == myPoint )       

         gameStatus = 1;

      else

         if ( sum == 7 )          

            gameStatus = 2;

   }

   if ( gameStatus == 1 )

      printf( "Player wins\n" );

   else

      printf( "Player loses\n" );

   return 0;

}

int rollDice( void )

{

   int die1, die2, workSum;

   die1 = 1 + ( rand() % 6 );

   die2 = 1 + ( rand() % 6 );

   workSum = die1 + die2;

   printf( "Player rolled %d + %d = %d\n", die1, die2, workSum );

   return workSum;

}

Functions with Empty Parameter Lists

Functions do not have to pass any arguments or parameters to and from the function.  If this is the case code the keyword void. 
void print(); // does not pass or return anything 
It can be used when: 
The parameter list is empty on function declarations: 
float aver(void);  //aver takes no arguments 
float aver(); 
The declared function does not return a value: 

void aver(void); 
We can write void or omit it; either way the same results prevails. 
References and Reference Parameters
Functions can be invoked with call-by-value or call-by-reference parameters.  These parameters refer to the data transmission to and from a calling function. Call-by-value (or passing by value) parameters or Value Parameters - If values are to passed only from the caller to a function, the parameters are called value parameters.  One way transmission (read-only variables).   Separate memory variable locations are created and a copy of the parameters are passed to the variables contained in the called program. Call-by-value prevents side effects of changing data values.  There is a lot of overhead generated if the program is passing a large number of variables. Any changes made to the variables in the called function are not transferred back to the caller function. 
Call-by-reference parameters or Reference Parameters - If values are to returned to the caller function, the parameters are called reference parameters.  Two way transmission 
The same memory variable locations are allowed to be changed by the called program. Allows for possible corruption or side effects of changing data values. Any changes made to the variables in the called function change the variable upon return to caller function.  The variables are directly affected. 
Use the symbol & to represent call-by-reference parameters. 
type name &parameter 
int &count - count is a reference to an int. 
or 
int& count 
Any changes made to it in the function changes it directly in the scope of the called function. 
Call-by-reference eliminates copying overhead but it can create side effect problems. 
Reference & can be an alias to other functions. 
Other languages like Pascal address formal and actual parameters.  
Formal parameters are contained in the procedure (function in C++) 
Actual parameters are contained in the caller program 
Default Arguments

Default values are used based on the specifications 
Assignment is left to right for call-by-reference or default initializations in function definition heading are used. 
Sample program using call-by-reference:

#include <stdio.h>

void swap(int *i, int *j);

int main(void)

{

   int num1, num2;

   num1 = 100;

   num2 = 800;

   printf(“num: %d num2: %d\n”,num1, num2);

   swap(&num1, &num2);

   printf(“num: %d num2: %d\n”,num1, num2);

   return 0;

}

void swap(int *i, int *j)

{

   int temp;

   temp = *i;

   *i = *j;

   *j = temp;

}

Storage classes

The author indicates that defined variables have various components including its name, data type, size, and value.  In addition to this, each variable has a storage class, scope, and linkage. 
Storage Class: 
The storage class refers to the "location (data segment, register, heap, or stack) of the object and its duration or lifetime (entire running time of the program, or during execution of some blocks of code)" 
The storage class consists of the following:  auto, register, extern, and static. 
auto variables default to automatic storage class. 

auto float x,y; 

auto is not needed for this is a given 
register this could be placed before the variable name in which the system will hold the variable in a high performance register rather than memory.  The author indicates that this is unnecessary for the compiler will automatically optimize register usage based on variables that accessed most often. 

register int counter = 1; 
Global variables are identifiers that can be used by the main program and all subprograms in a program.  (Lambert & Nance, 1996).  
Local variables are identifiers that are restricted to use within a subblock of a program (Lambert & Nance, 1996). 
Extern variables -  an example of a extern variable is a global variable.  Global variables and function names automatically default to extern. 
Static variables defined with this storage class retain their values when the function is finished executing.  Upon the next execution of the function, the variable will contain its last value. 
static int count = 1; 
The author notes that numeric variables of static storage class will automatically default to zero if not done so by the programmer. 
Scope Rules

The scope of the identifier is that part of the program in which the identifier can be used to access its object.  There are a number of categories of scope:  block (or local) scope, function scope, function prototype, file, and class.  Some of these are discussed below. 
File scope identifier (global) are declared outside of all blocks and their scope is from the definition point to the end of the program.  Examples include global variables, function definitions, and function prototypes. 
Block Scope scope of an identifier with block (or local) starts at the declaration point and ends at the end of the block containing the declaration.  
Function prototype scope identifiers declared as parameters in the function prototype have function prototype scope.  Scope end at the end of the function prototype. 

#include <stdio.h>

void a( void );

void b( void );

void c( void );

int x = 1;        

int main()

{

   int x = 5;   

   printf("local x in outer scope of main is %d\n", x );

   {           

     int x = 7;

      printf( "local x in inner scope of main is %d\n", x );

   }           

   printf( "local x in outer scope of main is %d\n", x );

   a();        

   b();        

   c();         

   a();         

   b();        

   c();        

   printf( "local x in main is %d\n", x );

   return 0;

}

void a( void )

{

   int x = 25;  

   printf( "\nlocal x in a is %d after entering a\n", x );

   ++x;

   printf( "local x in a is %d before exiting a\n", x );

}

void b( void )

{

    static int x = 50;  /* static initialization only */

                        /* first time b is called */

    printf( "\nlocal static x is %d on entering b\n", x );

    ++x;

    printf( "local static x is %d on exiting b\n", x );

}

void c( void )

{

   printf( "\nglobal x is %d on entering c\n", x );

   x *= 10;

   printf( "global x is %d on exiting c\n", x );

}

Recursion (Self calling program)
Recusion can defined as the process (function call) of a calling itself.  This is known as a recursive call or a recursion step.  The recursion process must continually break the original problem into a smaller sample of it, with eventual termination. 
#include <stdio.h>

long factorial( long );

int main()

{

   int i;

   for ( i = 1; i <= 10; i++ )

      printf( "%2d! = %ld\n", i, factorial( i ) );

   return 0;

}

long factorial( long number )

{

   if ( number <= 1 )

      return 1;

   else

      return ( number * factorial( number - 1 ) );

}
Recursion vs Interation

For implementations of iterative programs, they employ a repetition structure.  Programs that use recursion techniques use repetition through usage of recursive calling.  
Each recursive call recreates the functions variables each time the function is executed.  This creates excessive computer memory usage. 
If the applications warrants a recursive call use it.  Realize however that recursive function calls slow processing/performance and use additional memory. 
Reference used

Deitel, H., and Deitel, P.  (2001).  C How to Program, Third Edition.  NJ:  Prentice hall.

Perry, G.  (1994).  Absolute Beginner’s Guide to C, Second Edition.  IN:  Sams Publishing.

Schildt, H.  (1997).  Teach Yourself C.  NY:  McGraw-Hill.

