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0.  Welcome!

Welcome to the Fundamentals of Computer Science using C.  This packet includes source code for some (but not all!) of the programs which will be discussed during the semester.  Some of the programs were taken straight from the text book.  Other programs were created in semesters past, and have proven to be effective in learning C.  The programs are also organized by subject, and are in rough chronological order.  We may however skip around throughout the semester.

The best way to learn to program is to learn by example, and then start building your own programs.  Each of the programs is therefore annotated, so that you can quickly see the most important elements and understand the “big picture.”  Each of the programs is also available on the course home page.  You can therefore easily download any of these programs, modify them in any way, and then run them.  I strongly encourage you to do so.  I also strongly encourage you to bring this packet of programs to every class.      

Again, welcome aboard!  I hope you find your first foray into C programming a challenging and rewarding experience.

1.  Input/Output

1.0  Hello World!

Description:  This is the simplest possible C program.  It illustrates basic output via printf().



/* First Program in C */

#include <stdio.h>

main()

{

   printf("Hello, World!");

   /*  Wait for user to Press Enter  */

   getchar();

}


1.1  Formatted Output

Description:  Illustrates formatted output using the \n newline character. 

/* Printing multiple lines with a single printf */

#include <stdio.h>

main()

{

   printf("Welcome\nto\nC!\n");

   /*  Wait for user to Press Enter  */

   getchar();

}

1.2   Basic Input:  scanf()

Description:  Illustrates the basic use of scanf() to read in integer values from the user.

/* Addition program */

#include <stdio.h>

#include <conio.h>

main()

{

   int integer1, integer2, sum;      /* declaration */

   printf("Enter first integer\n");  /* prompt */

   scanf("%d", &integer1);           /* read an integer */


   printf("Enter second integer\n"); /* prompt */

   scanf("%d", &integer2);           /* read an integer */

   sum = integer1 + integer2;        /* assignment of sum */

   printf("Sum is %d\n", sum);       /* print sum */


   /*  Wait for user to Any Key */

   getch();

}

Note:  User input is denoted in bold.


2. Data Types and Mathematical Operators

2.0  Integer Data Type

Description:  Illustrates the basic use of integer variables.  When declaring a variable, you must indicate a data type and a name.  Note that integer variables can only hold whole numbers (i.e. no decimal points.)  

#include <stdio.h>

main () {


int x, y, z;




x = 5;


y = 10;


z = x + y;


printf ("x:  %d\n", x);


printf ("y:  %d\n", y);


printf ("z:  %d\n", z);


   
/*  Wait for user to Press Enter  */

   
getchar();

}


2.1  Integer Modulus/Division

Description:  Illustrates the difference between regular integer division and modulus division.
/*  Integer and Modulus Division  */

#include <stdio.h>

main () {


int x = 5, y =10;

   
printf ("5/10:  %d\n", x/y);

   
printf ("5%%10:  %d\n", x%y);


getchar();

}



2.2  Float Data Type

Description:  Illustrates basic use of the float data type.  Unlike integers, floats can contain fractional values.

/*  Float Example Program */

#include <stdio.h>

main ()

{


float var1, var2, var3, sum;


var1 = 87.25;


var2 = 92.50;


var3 = 96.75;


sum = var1 + var2 + var3;



printf ("Sum:  %.2f", sum);

   
getchar();

}


2.3  PreIncrement v. PostIncrement Operator

Description:  Illustrates the difference between the pre and post increment operators.

/*  Preincrementing and PostIncrementing  */

#include <stdio.h>

main ()

{

int c=5;


printf ("%d\n", c);

printf ("%d\n", c++);

printf ("%d\n\n", c);

c=5;

printf ("%d\n", c);

printf ("%d\n", ++c);

printf ("%d\n", c);

getchar();

}


3.  Structured Programming:  if/else, while, and switch

3.0  Amazon.com Version 1.0

Description:  This is the first version of our Amazon.com simulation.  It illustrates basic use of if/else statements.

/*  E-Commerce Program for Amazon.com, Version 1.0  */

/*  Created by Ethan Cerami, 1998  */

#include <stdio.h>

#include <conio.h>

main () {


int order_number, number_books;


float price, sales;


/*  Print Introduction */


printf ("Welcome to Amazon.com!\n");


printf ("Earth's Biggest Bookstore.\n\n");


/*  Get User Input */


printf ("Enter the three digit book order number:  ");


scanf ("%d", &order_number);


printf ("Enter the cover price:  ");


scanf ("%f", &price);


printf ("Enter number of copies you would like to order:  ");


scanf ("%d", &number_books);


/*  Calculate Total Sales */


sales = price * number_books;


printf ("\nThank you.  Your total order is:  $%.2f\n", sales);


/*  Determine Shipping Method */


if (sales > 100.0) {



printf ("Shipping:  Your order will be shipped via Federal Express.");


}


else {



printf ("Shipping:  Your order will be shipped via U.S. Mail.");


}

   
printf ("\n\nPress any key to exit...");

   
getch();

}


3.1  Amazon.com Version 2.0

Description:  This is the second version of our Amazon.com simulation.  It illustrates more if/else statements and the if/else shortcut operator.

/*  E-Commerce Program for Amazon.com, Version 2.0  */

/*  Created by Ethan Cerami, 1998  */

#include <stdio.h>

#include <conio.h>

main () {


int order_number, number_books;


int payment_option;


float price, sales;


/*  Print Introduction */


printf ("Welcome to Amazon.com!\n");


printf ("Earth's Biggest Bookstore.\n\n");


/*  Get Credit Card Information  */


printf ("Amazon.com accepts the following payment options:\n");


printf ("1.  American Express\n");


printf ("2.  Mastercard\n");


printf ("3.  Visa\n");


printf ("Please enter a payment option:  ");


scanf ("%d", &payment_option);


/*  Get Book Information */


printf ("Enter the three digit book order number:  ");


scanf ("%d", &order_number);


printf ("Enter the cover price:  ");


scanf ("%f", &price);


printf ("Enter number of copies you would like to order:  ");


scanf ("%d", &number_books);


/*  Calculate Total Sales */


sales = price * number_books;


printf ("\nThank you.  Your total order is:  $%.2f\n", sales);


/*  Print Credit Card Confirmation  */


printf ("This account balance will be charged to ");


if (payment_option == 1)



printf ("American Express.\n");


else if (payment_option == 2)



printf ("Mastercard.\n");


else if (payment_option == 3)



printf ("Visa.\n");


/*  Determine Shipping Method using If/Else Shortcut Operator */


printf ("Shipping:  Your order will be shipped via ");


printf ("%s", (sales > 100.0) ? "Federal Express." : "U.S. Mail.");


   
printf ("\n\nPress any key to exit...");

getch();

}







3.2  Amazon.com Version 3.0

Description:  This is the third version of the Amazon.com simulation.  It illustrates the use of while loops.  Every while loop must include three basic parts:  1.  Priming, 2.  Testing the sentinel, and 3.  Getting new data or updating the control variable.  

/*  E-Commerce Program for Amazon.com, Version 3.0  */

/*  Created by Ethan Cerami, 1998  */

#include <stdio.h>

#include <conio.h>

main () {


int order_number, number_books;


int payment_option;


float price, sales;


/* Initialize sales to 0 */


sales = 0.0;


/*  Print Introduction */


printf ("Welcome to Amazon.com!\n");


printf ("Earth's Biggest Bookstore.\n\n");


/*  Get Credit Card Information  */


printf ("Amazon.com accepts the following payment options:\n");


printf ("1.  American Express\n");


printf ("2.  Mastercard\n");


printf ("3.  Visa\n");


printf ("Please enter a payment option:  ");


scanf ("%d", &payment_option);


/*  Prime the while loop with user data */


printf ("Enter the three digit book order number (-1 to end):  ");


scanf ("%d", &order_number);


while (order_number != -1) {



printf ("Enter the cover price:  ");



scanf ("%f", &price);



printf ("Enter number of copies you would like to order:  ");



scanf ("%d", &number_books);



/*  Calculate Running Total Sales */



sales += price * number_books;



printf ("Running Total:  $%.2f\n\a", sales);



/*  Prompt user for next book */



printf ("Enter the three digit book order number (-1 to end):  ");



scanf ("%d", &order_number);


}


printf ("\nThank you.  Your total order is:  $%.2f\n", sales);


/*  Print Credit Card Confirmation  */


printf ("This account balance will be charged to ");


if (payment_option == 1)



printf ("American Express.\n");


else if (payment_option == 2)



printf ("Mastercard.\n");


else if (payment_option == 3)



printf ("Visa.\n");


/*  Determine Shipping Method using If/Else Shortcut Operator */


printf ("Shipping:  Your order will be shipped via ");


printf ("%s", (sales > 100.0) ? "Federal Express." : "U.S. Mail.");

   
printf ("\n\nPress any key to exit...");

   
getch();

}




3.3
Amazon.com Version 4.0

Description:  This is the fourth version of the Amazon.com program.  It illustrates the switch statement and logical operators.

/*  E-Commerce Program for Amazon.com, Version 4.0  


*/

/*  This program illustrates:  For Loops, Switch Statements, and 
*/

/*  Boolean logical operators





*/

/*  Created by Ethan Cerami, 1998  




*/

#include <stdio.h>

#include <conio.h>

main () {


int i, order_number, number_books;


int payment_option;


float price, sales;


char repeat_customer;


/* Initialize sales to 0 */


sales = 0.0;


/*  Print Introduction */


printf ("Welcome to Amazon.com!\n");


printf ("Earth's Biggest Bookstore.\n\n");


/*  Get Repeat Customer Information */


printf ("Have you ever shopped at Amazon.com before [Y/N]:  ");


repeat_customer = getchar();


/*  Get Credit Card Information  */


printf ("Amazon.com accepts the following payment options:\n");


printf ("1.  American Express\n");


printf ("2.  Mastercard\n");


printf ("3.  Visa\n");


printf ("Please enter a payment option:  ");


scanf ("%d", &payment_option);


/*  Prime the while loop with user data */


printf ("Enter the three digit book order number (-1 to end):  ");


scanf ("%d", &order_number);


/*  Get Book Orders */


while (order_number != -1) {



printf ("Enter the cover price:  ");



scanf ("%f", &price);



printf ("Enter number of copies you would like to order:  ");



scanf ("%d", &number_books);



/*  Calculate Running Total Sales */



sales += price * number_books;



printf ("Running Total:  $%.2f\n\a", sales);



/*  Prompt user for next book */



printf ("Enter the three digit book order number (-1 to end):  ");



scanf ("%d", &order_number);


}


/*  Print Separator Line using For Loop */


printf ("\n");


for (i=0; i< 60; i++) printf ("*");


/*  Print Total Sales and Credit Card Confirmation  */


printf ("\nThank you.  Your total order is:  $%.2f\n", sales);


printf ("This account balance will be charged to ");


switch (payment_option) {



case 1:




printf ("American Express.\n");




break;



case 2:




printf ("Mastercard.\n");




break;



case 3:




printf ("Visa.\n");




break;



default:




printf ("[Invalid Payment Option]\n");


}


/*  Determine Shipping Method using Boolean Logical Operators 

*/


/*  If this is a repeat customer and sales > $100, then send via Fed Ex 
*/


/*  Otherwise, send via U.S. Mail





*/


printf ("Shipping:  Your order will be shipped via ");


if ( (sales > 100.0) && (repeat_customer=='Y' || repeat_customer=='y'))



printf ("Federal Express\n");


else printf ("U.S. Mail.\n");


/*  Press Any Key  */

printf ("Press any key to exit...");

getch();

}


3.4   Switch Statement

Description:  This program illustrates basic use of the switch statement.

#include <stdio.h>

main () {


int digit;


printf ("Enter a number [1-4]:  ");


scanf ("%d", &digit);



switch (digit) {




case 1:




printf ("One");




break;



case 2:




printf ("Two");




break;



case 3:  case 4:




printf ("Three of Four");




break;



default:




printf ("Invalid Digit.");




break;


}

}

Sample Output #1:


Sample Output #2:


4  Functions

4.0  Basic Square Function

Description:  Illustrates Function Prototypes and Definitions.

#include <stdio.h>


int square(int);   

main ()

{


printf("%d  ", square(5));


}


int square(int y)

{


return y * y;

}



4.1  Basic Maximum Function

Description:  Second Example to illustrate Function Prototypes and Definitions.

#include <stdio.h>


int maximum(int, int, int);   

main()

{

printf("Maximum is: %d\n", maximum(5, 7, 3));

}


int maximum(int x, int y, int z)

{

int max = x;

if (y > max)



max = y;


if (z > max)



max = z;


return max;

}

4.2  Storage Classes:  Auto v. Static

Description:  Illustrates Storage Classes:  Auto v. Static

/*  This example demonstrates the difference between 
*/

/*  auto v. static storgage classes 


*/

#include <stdio.h>

void autocount (void);

void staticcount (void);

main () {


/*  First, call autocount a bunch of times */


printf ("AutoCounter:\n");


autocount();


autocount();


autocount();


/*  Then, call staticcount a bunch of times */


printf ("\nStatic Counter:\n");


staticcount();


staticcount();


staticcount();

   
getchar();

}

void autocount (void) {


/*  Here we declare counter to be auto 



*/


/*  By defult, all variables are auto, but here we have  
*/


/*  explicitly defined it.                              
*/


auto int counter = 0;


printf ("Counter:  %d\n", counter);


counter++;

}


void staticcount (void) {


/*  Here we declare counter to be static */


static int counter = 0;


printf ("Counter:  %d\n", counter);


counter++;

}


4.3   Scope:  Local v. Global

Description:  Illustrates scope and the difference between global and local variables.  In general, you should always avoid use of global variables, and stick to local variables.

 /*  This program demonstrates global variables and scope */

#include <stdio.h>


void a (void);

void b (void);


int x = 1;



main () {


printf ("In main, x equals:  %d\n", x);



a();


b();


printf ("In main, x equals:  %d\n", x);

   
getchar();

}

void a (void) {


int x = 100;


printf ("In function (a), x equals:  %d\n", x);

}

void b (void) {


printf ("In function (b), x equals:  %d\n", x++);

}


4.4   Random Coin Toss

Description:  Illustrates use of the C Random Number Generator.

#include <stdio.h>

#include <stdlib.h>


int flip (void);

main () 

{


int i, num;


int heads = 0;


int tails = 0;


srand (time(NULL));


for (i=0; i< 1000; i++) {



num = flip();



printf ("%d", num);



if (num==0) heads++;



else tails++;


}


printf ("\nHeads:  %d\n", heads);


printf ("Tails:  %d", tails);

}


int flip (void) {


return rand() % 2;

}


4.5  Recursion:  Basic Example

Description:  The World’s Simplest Recursion Program.  It doesn’t really do anything useful, but illustrates the basic concepts of recursion.  We will discuss this program in great detail using Stack Diagrams.

#include <stdio.h>

void count (int);

main () {


count(0);


getchar();

}

void count (int index) {


printf ("%d", index);


if (index < 2) count(index+1);

}

4.5  Recursion:   Factorials

Description:  A Basic Recursion Example. 

#include <stdio.h>

int factorial (int);

main () {


int i;


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



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

   
getchar();

}

int factorial (int number) {


if (number <= 1)



return 1;


else



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

}


5  Arrays

5.0  Array Basics

Description:  This program illustrates basic array syntax.


#include <stdio.h>

#define SIZE 12

main()

{

   int a[SIZE] = {1, 3, 5, 4, 7, 2, 99, 16, 45, 67, 89, 45};

   int i, total = 0;

   for (i = 0; i <= SIZE - 1; i++)

      total += a[i];

   printf("Total of array element values is %d\n", total);

   getchar();

}


5.1  Arrays and Random Numbers

Description:  This program illustrates random numbers and more basic array syntax.

/* Roll a six-sided die 6000 times */

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

#define SIZE 7

main()

{

   int face, roll, frequency[SIZE] = {0}; 


   srand(time(NULL));


   for (roll = 1; roll <= 6000; roll++) {

      face = rand() % 6 + 1;


++frequency[face];

   }                         

   printf("%s%17s\n", "Face", "Frequency");

   for (face = 1; face <= SIZE - 1; face++)

      printf("%4d%17d\n", face, frequency[face]);

   getchar();

}

5.2  Passing Arrays to Functions

Description:  This program illustrates passing arrays to functions.  Arrays are always passed “by reference.”  Hence, you can modify the thermo[] array within the makeHot() function, and you are directly modifying the values of the temp[] array in main.

#include <stdio.h>

#include <conio.h>

#define SIZE 4

void makeHot (int [], int);

main () {


int temp[4] = {75, 65, 89, 72};


int i;


for (i=0; i<SIZE; i++) printf ("%5d", temp[i]);


printf ("\n");


makeHot(temp, SIZE);


for (i=0; i<SIZE; i++) printf ("%5d", temp[i]);


getch();

}

void makeHot (int thermo[], int size) {


int i;


printf ("Making hot!\n");


for (i=0; i<size; i++)



thermo[i] += 10;

}


5.3   Encryption

Description:  This program illustrates basic string manipulation.  It’s also a good example for practicing array notation.

/*
Simple Text Scrambler


*/

/* 
This program illustrates very simple     
*/

/* 
encryption/decryption technology.    
*/

/* 
It also illustrates the basics of using
*/

/* 
arrays and strings.


*/

/* 
Created by Ethan Cerami, @1998

*/

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

/* Function Prototypes */

void printMenu(void);

void encrypt (void);

void decrypt (void);

int getKey (void);

void printLine (void);

main () {


int choice;


/*  Print Introduction */


printf ("Simple Text Scrambler\n");


printf ("======================\n");


/*  Prime the while loop with user data */


printMenu();


scanf ("%d", &choice);


while (choice != 3) {



switch (choice) {




case 1:
encrypt();





break;




case 2:
decrypt();





break;




default:





printf ("Invalid Menu Choice.");





printf ("Please try again.\n\n");





break;



}



printMenu();



scanf ("%d", &choice);


}


return 0;

}

/*  Print Menu Options */

void printMenu (void) {


printf ("1)  Encrypt a word\n");


printf ("2)  Decrypt a word\n");


printf ("3)  Exit Program\n");


printf ("Please select a menu option:  ");

}

/*  Encrypt a word





*/

/*  To encrypt a word, users must supply a  

*/

/*  passKey integer value.  The passKey value
*/

/*  is used to "shift up" each character 

*/

/*  within the ASCII Table



*/

void encrypt (void) {


int passkey, index;


char clear_text[255];


char encrypted_text[255];


passkey = getKey();


printf ("Enter Word (ALL CAPS):  ");


scanf ("%s", clear_text);


/*  Encrypt word by "shifting up" the ASCII Table */


for (index=0; index < strlen (clear_text); index++)



encrypted_text[index] = clear_text[index] + passkey;


/*  Make sure to terminate the encrypted_text with a NULL character */


encrypted_text[index] = '\0';


printLine();


printf ("Encrypted String:  %s\n", encrypted_text);


printLine();

}

/*  Decrypt a word





*/

/*  To decrypt a word, users must again supply 
*/

/*  a passKey integer value.  The passKey value
*/

/*  is used to "shift down" each character 
   
*/

/*  within the ASCII Table

 

*/

void decrypt (void) {


int passkey, index;


char clear_text[255];


char encrypted_text[255];


passkey = getKey();


printf ("Enter Encrypted Word:  ");


scanf ("%s", encrypted_text);


/*  Decrypt word by "shifting down" the ASCII Table */


for (index=0; index < strlen (encrypted_text); index++)



clear_text[index] = encrypted_text[index] - passkey;


/*  Make sure to terminate the clear_text with a NULL character */


clear_text[index] = '\0';


printLine();


printf ("Decrypted String:  %s\n", clear_text);


printLine();

}

/*  Prompts and Receives passKey from User */

int getKey (void) {


int passkey;


printf ("Enter Pass Key (1-25):  ");


scanf ("%d", &passkey);


return passkey;

}

/*  Prints a 40 character line separator */

void printLine (void) {


int index;


for (index = 0; index <40; index++) printf ("*");


printf ("\n");

}


5.4   Bubble Sort
Description:  Performs the Bubble Sort Algorithm.  If you would like to view an interactive demo of how bubble sort actually works, check out the following URL: http://math.hws.edu/TMCM/java/xSortLab/index.html

/* This program sorts an array's values into ascending order */

#include <stdio.h>

#define SIZE 10

main() 

{

   int a[SIZE] = {2, 6, 4, 8, 10, 12, 89, 68, 45, 37};

   int i, pass, hold;

   printf("Data items in original order\n");

   for (i = 0; i <= SIZE - 1; i++)

      printf("%4d", a[i]);

   for (pass = 1; pass <= SIZE - 1; pass++)  /* passes */

      for (i = 0; i <= SIZE - 2; i++)      /* one pass */

         if (a[i] > a[i + 1]) {      /* one comparison */

            hold = a[i];                   /* one swap */

            a[i] = a[i + 1];

            a[i + 1] = hold;

         }

   printf("\nData items in ascending order\n");

   for (i = 0; i <= SIZE - 1; i++)

      printf("%4d", a[i]);

   printf("\n");

   return 0;

}


5.5  Using Multidimensional Arrays

Description:  This program illustrates basic use of multidimensional arrays.  It also illustrates passing of multidimensional arrays to a function.

#include <stdio.h>

#define NUMCITIES 3

#define NUMDAYS 5

void makeHot (int [][NUMDAYS]);


main () {


int i,j;


int temp[NUMCITIES][NUMDAYS] = {



{67, 68, 69, 70, 71},



{44, 45, 46, 47, 48},



{31, 32, 33, 34, 35}};


makeHot (temp);


for (i=0 ; i<NUMCITIES; i++) {



for (j=0; j< NUMDAYS; j++) 




printf ("\t%d", temp[i][j]);



printf ("\n");


}

}

void makeHot (int thermo[][NUMDAYS]) {


int i,j;


for (i=0; i< NUMCITIES; i++)



for (j=0; j< NUMDAYS; j++)




thermo[i][j] += 10;

}


5.6  Hunt the Wumpus

Description:  Hunt the Wumpus is a very simple text based adventure game that does a very good job of illustrating multi-dimensional arrays.  The goal of the game is quite simple:  slay the Wumpus before he gobbles you up.  Here is how it works:

You start out in a room.  From this room, you can move in any of the compass directions:  North, South, East or West.  To move, simple indicate the direction in lowercase.  For example, to move north, just type n.

When you enter a new room, one of two things may happen:

· You might smell a Wumpus.  This means that the Wumpus is hiding in one of the adjoining rooms.  If you walk into one of these rooms, you get gobbled up.

· You might feel a cool breeze.  This means that there is a bottomless pit in one of the adjoining rooms.  If you walk into a room with a bottomless pit, you fall to a miserable death.

In addition to moving, you can also shoot an arrow in one of four directions.  To shoot an arrow, simply indicate the direction in upper case.  For example, to shoot east, just type E.  But, remember that you only have three arrows!

As you play the game, and try to figure out how it works, you can modify the debug value and set it to 1.  With debug set to 1, the game automatically draws a map indicating your present position and the location of the Wumpus and all the pits.
/*  Hunt the Wumpus Game 



*/

/*  Created by Ethan Cerami, @1998

*/

/*  This program illustrates functions,
*/

/*  random numbers, and multidimensional 
*/

/*  arrays.







*/

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

/*  Program Constants Defined Here */

#define MAPWIDTH 7

#define MAPHEIGHT 7

#define NUM_PITS 4

/*  Function Prototypes Defined Here */

void initMap (char [MAPWIDTH][MAPHEIGHT]);

void printMap (char [MAPWIDTH][MAPHEIGHT]);

int move (int, int, int, int, char [MAPWIDTH][MAPHEIGHT]);

void smell (int, int, char [MAPWIDTH][MAPHEIGHT]);

int shoot (int, int, int, int, int, char [MAPWIDTH][MAPHEIGHT]);

main () {


int num_arrows = 3;


/*  Total Number of Arrows  

*/


char map[MAPWIDTH][MAPHEIGHT];
/*  Map of Territory          
*/


char choice;




/*  User's Input Command

*/


int x, y;





/*  Current Position of Player 
*/


int dx, dy;





/*  Change in Direction

*/


int flag;





/*  Generic Error Flag


*/


int action;





/*  Action: 1 --> Move


*/










/*  Action: 2 --> Shoot

*/


int debug=0;




/*  Set to 1 to see Debug Output 
*/



/*  Initialize Map */


srand (time(NULL));


initMap(map);


/*  Place Player at Random Location   



*/


/*  Make sure you don't place player on Wumpus or in a pit!  
*/


flag =1;


while (flag == 1) {



x = (rand() % 5) + 1;



y = (rand() % 5) + 1;



if (map[x][y]=='.')  {




map[x][y]='@';




flag = 0;



}


}


printf ("Welcome to 'Hunt the Wumpus'\n");


if (debug) printMap (map);


smell (x, y, map);


printf ("Enter a command:  ");


choice = getche();


printf ("\n");


/*  Keep Prompting for User Input */


while (choice != 'Q') {



switch (choice) {




/*  Movement Options */




case 'n': dx=0; dy=-1; action =1; break;




case 's': dx=0; dy=+1; action =1; break;




case 'e': dx=+1; dy=0; action =1; break;




case 'w': dx=-1; dy=0; action =1; break;




/*  Shoot Options */




case 'N': dx=0; dy=-1; action =2; break;




case 'S': dx=0; dy=+1; action =2; break;




case 'E': dx=+1; dy=0; action =2; break;




case 'W': dx=-1; dy=0; action =2; break;




/*  Default Option */




default:





printf ("You cannot do that!\n");





action =0;





break;



}



/*  Move Player */



if (action==1) {




flag = move (x,y,dx,dy,map);




if (flag==1) {





map[x][y]='.';





x = x + dx;





y = y + dy;





map[x][y]='@';




}




else if (flag == -1) break;



}



/*  Shoot */



else if (action ==2) {




flag = shoot (num_arrows--, x,y, dx, dy, map);




if (flag ==-1) break;



}



if (debug) printMap(map);



smell (x, y, map);



printf ("Enter a command:  ");



choice = getche();



printf ("\n");


}


printf ("Press any key to exit....");


getche();


return 0;

}

/*  Initialize Map with randomly placed Pits and randomly placed Wumpus */

void initMap (char map[MAPWIDTH][MAPHEIGHT]) {


int i,j;


int x,y;


/*  First, create a clean slate */


for (j=0; j < MAPHEIGHT; j++)



for (i=0; i< MAPWIDTH; i++)




map[i][j] = '.';


/*  Create walls around perimeter of map */


for (i=0; i<MAPWIDTH; i++) {



map[i][0] = '#';



map[i][MAPHEIGHT-1] = '#';


}


for (j=1; j <MAPHEIGHT-1; j++) {



map[0][j] = '#';



map[MAPWIDTH-1][j] = '#';


}


/*  Create Bottomless Pits at Random Locations */


for (i=0; i< NUM_PITS; i++) {



x = (rand() % 5) + 1;



y = (rand() % 5) + 1;



map[x][y] = 'P';


}


/*  Create Wumpus at Random Location*/


x = (rand() % 5) + 1;


y = (rand() % 5) + 1;


map[x][y] = 'W';

}

/*  This is a debug functon that prints the entire map at any one time */

void printMap (char map[MAPWIDTH][MAPHEIGHT]) {


int i,j;


for (j=0; j < MAPHEIGHT; j++) {



for (i=0; i< MAPWIDTH; i++)




printf ("%c", map[i][j]);



printf ("\n");


}

}

/*  Moves the player to a new room


*/

/*  This may result in an untimely death

*/

int move (int x, int y, int dx, int dy, char map[MAPWIDTH][MAPHEIGHT]) {



x = x + dx;



y = y + dy;



if (map[x][y] == '#') {




printf ("You try to move in that direction,");




printf (" but you bump into the wall.\n");




return 0;



}



else if (map[x][y] == 'P') {




printf ("Yikes!  You have fallen into a bottomless pit!");




printf ("Better luck next time.\n");




return -1;



}



else if (map[x][y] == 'W') {




printf ("Munch... Munch...\n");




printf ("The Wumpus has just had you for lunch.\n");




printf ("Better luck next time.\n");




return -1;



}



else return 1;

}

/*  This function provides the player with feedback about what might */

/*  be in any of the adjoining rooms











*/

void smell (int x, int y, char map[MAPWIDTH][MAPHEIGHT]) {


int pit_flag = 0;


int wumpus_flag = 0;


int i,j;


/*  First check West to East */


for (i=x-1; i<= x+1; i++) {




if (map[i][y]=='P') pit_flag = 1;




else if (map[i][y]=='W') wumpus_flag =1;


}


/*  Then check North to South */


for (j= y-1; j<= y+1; j++) {



if (map[x][j]=='P') pit_flag = 1;



else if (map[x][j]=='W') wumpus_flag =1;


}


printf ("You are in a dark room.\n");


if (wumpus_flag == 1)



printf ("You smell the distinctive odor of a Wumpus.\n");


if (pit_flag == 1)



printf ("You feel a cool breeze.\n");

}

/*  Shoots an arrow in the indicated direction */

int shoot (int num_arrows, int x, int y, int dx, int dy, char map[MAPWIDTH][MAPHEIGHT]) {


x = x + dx;


y = y + dy;


if (num_arrows > 0) {



printf ("You shoot your arrow into the dark....\n");



if (map[x][y]=='W') {




printf ("\aYou have slain the Wumpus!\n");




return -1;



}



else {




printf ("And, you can hear it fall to the ground in the next room.\n");




return 0;



}


}


else {



printf ("You don't have any more arrows!\n");



return 0;


}

}

6  
Pointers

6.0  
Basic Pointer Operators

Description:  Illustrates the & and * Pointer Operators.  A very important basic example.

/* Using the & and * operators */

#include <stdio.h>

main()

{

   
int a;        /* a is an integer */

   
int *aPtr;    /* aPtr is a pointer to an integer */

   
a = 7;

   
aPtr = &a;    /* aPtr set to address of a */

printf("The address of a is %p\n", &a);


printf("The value of aPtr is %p\n\n", aPtr);


printf("The value of a is %d\n", a);


printf("The value of *aPtr is %d\n\n", *aPtr);

   getchar();

}


6.1  Swap

Description:  Illustrates basic pointer operators.   A “classical” program used to illustrate pointers.

#include <stdio.h>


void swap(int *, int *);

main () {


int x = 5;


int y = 4;


printf ("Original Order:  %d,%d\n", x,y);


swap (&x, &y);


printf ("After Swapping:  %d,%d", x,y);

   
getchar();

}

void swap(int *element1Ptr, int *element2Ptr)

{

   int temp;


   temp = *element1Ptr;

   *element1Ptr = *element2Ptr;

   *element2Ptr = temp;

}

6.2
String Copy

Description:  Illustrates that arrays and pointers can almost always be used interchangeably.  Both copy1() and copy2() perform the exact same task.  Nonetheless, copy1() uses array notation and copy2() uses pointer/offset notation.

#include <stdio.h>

void copy1 (char [], char []);

void copy2 (char *, char*);

#define MAXCHARS 10

main () {


char string1[MAXCHARS], string3[MAXCHARS];


char string2 [MAXCHARS] = "Hello";


char string4 [MAXCHARS] = "Good Bye";


copy1 (string1, string2);


printf ("%s %s\n", string1, string2);


copy2 (string3, string4);


printf ("%s %s", string3, string4);


getchar();

}


void copy1 (char s1[], char s2[]) {


int i;


for (i=0; i<MAXCHARS; i++) 



s1[i]= s2[i]; 

}

void copy2 (char *s1, char *s2) {


int offset;


for (offset=0; offset < MAXCHARS; offset++)



*(s1+offset) = *(s2+offset);

}

7  Structures

7.0  
Basic Structures

Description:  Illustrates basic use of structures within a program.

/*  Basic Structure Example */

#include <stdio.h>

#define MAXCHARS 255

/*  Create Structure Template */

struct employee {


char first_name[MAXCHARS];


char last_name [MAXCHARS];


int employee_id;


float hourly_wage;

};


void print_data (struct employee);

main () {


struct employee personA = {"Bill", "Clinton", 5, 25.0};


struct employee personB = {"Al", "Gore", 6, 20.0};


print_data (personA);


print_data (personB);


getchar();

}

/*  Pass Structure to Function */

void print_data (struct employee person) {

printf ("Name:  \t\t%s %s\n", person.first_name, 

person.last_name);


printf ("Employee ID:\t%d\n", person.employee_id);


printf ("Hourly Wage:\t%.2f\n", person.hourly_wage);

}


7.1  Pointers to Structures

Description:  Illustrates Pointers to Structures

/* Illustrates Pointers to Structures */

#include <stdio.h>

#define MAXCHARS 255

struct employee {

char first_name[MAXCHARS];


char last_name [MAXCHARS];


int employee_id;


float hourly_wage;

};

void print_data (struct employee*);

main () {


struct employee personA = {"Bill", "Clinton", 5, 25.0};


struct employee personB = {"Al", "Gore", 6, 20.0};



print_data (&personA);


print_data (&personB);


getchar();

}

/*  Pass Pointer to Structure */

void print_data (struct employee *person) {


printf ("Name:  \t\t%s %s\n", person->first_name, 

person->last_name);


printf ("Employee ID:\t%d\n", person->employee_id);


printf ("Hourly Wage:\t%.2f\n", person->hourly_wage);

}


Welcome


to


C!























Hello, World!








Import the standard Input/Output Library





Comment





Every C program must include a main() function.  Execution will always begin at main().





Waits for the user to press the Enter key.  This is very helpful when running programs under Borland C++.





x:  5


y:  10


z:  15

















%d format specifier indicates integer variables.





Assignment Statements





Data Type





Variable Names





Variable Declaration





Enter first integer


15


Enter second integer


5


Sum is 20

















Note that the & is required. If you forget it, your program may crash!  When we get to pointers, this will make more sense.





Sum:  276.50











5/10:  0


5%10:  5











Note:  Two % will actually create a single %





Welcome to Amazon.com!


Earth's Biggest Bookstore.





Enter the three digit book order number:  124


Enter the cover price:  49.95


Enter number of copies you would like to order:  4





Thank you.  Your total order is:  $199.80


Shipping:  Your order will be shipped via Federal Express.





Press any key to exit...














True Option





False Option





The conditional statement.





%s is the format specifier for text strings.





Welcome to Amazon.com!


Earth's Biggest Bookstore.





Amazon.com accepts the following payment options:


1.  American Express


2.  Mastercard


3.  Visa


Please enter a payment option:  2


Enter the three digit book order number:  125


Enter the cover price:  19.95


Enter number of copies you would like to order:  7





Thank you.  Your total order is:  $139.65


This account balance will be charged to Mastercard.


Shipping:  Your order will be shipped via Federal Express.





Press any key to exit...











2.  Test the sentinel.  The while loop keeps retrieving new book information until the user enters a -1.  In this case, the -1 is referred to as the sentinel value.





1.  Prime the while loop with user data.





3.  Get new data from the user.  Failure to do so can create an infinite loop.





Welcome to Amazon.com!


Earth's Biggest Bookstore.





Amazon.com accepts the following payment options:


1.  American Express


2.  Mastercard


3.  Visa


Please enter a payment option:  1


Enter the three digit book order number (-1 to end):  125


Enter the cover price:  49.95


Enter number of copies you would like to order:  2


Running Total:  $99.90


Enter the three digit book order number (-1 to end):  129


Enter the cover price:  19.95


Enter number of copies you would like to order:  10


Running Total:  $299.40


Enter the three digit book order number (-1 to end):  -1





Thank you.  Your total order is:  $299.40


This account balance will be charged to American Express.


Shipping:  Your order will be shipped via Federal Express.





Press any key to exit...











Get repeat Customer information.  We will use this later to determine the shipping option.  Note the use of getchar().





For Loop to print separator line.





Here we have replaced a series of if/else statements with a single switch statement.





Note that the default option catches Invalid Payment options.





Here, it is important to check for both lowercase (y) and uppercase (Y).  Hence the OR operator.





Welcome to Amazon.com!


Earth's Biggest Bookstore.





Have you ever shopped at Amazon.com before [Y/N]:  Y


Amazon.com accepts the following payment options:


1.  American Express


2.  Mastercard


3.  Visa


Please enter a payment option:  3


Enter the three digit book order number (-1 to end):  129


Enter the cover price:  49.95


Enter number of copies you would like to order:  5


Running Total:  $249.75


Enter the three digit book order number (-1 to end):  -1





************************************************************


Thank you.  Your total order is:  $249.75


This account balance will be charged to Visa.


Shipping:  Your order will be shipped via Federal Express


Press any key to exit...

















5


5


6





5


6


6














PostIncrement Operator:  Value is used within expression, then incremented by 1.





PreIncrement Operator:  Value is immediately incremented, then used within expression.





This is the variable you are testing.  Must be either integer or character, i.e. you cannot use floats.








Required.  Causes the program to break out of the switch statement and continue execution.





These are all the options.





Optional:  If all else fails, the default option is invoked.





Enter a number [1-4]:  3


Three of Four














Enter a number [1-4]:  10


Invalid Digit.




















Define a constant via the #define preprocessor directive.





Array Declaration / Initialization.





Array Indexing.  Remember that array indexing always begins at 0.





Initializes all elements in array to 0.





Keeps track of die.





Sets a field width of 17.  Good for right justification.





Arrays are passed “by reference.”  Hence, changes to thermo[ ] do affect temp[ ].








  75   65   89   72


Making hot!


  85   75   99   82











Total of array element values is 383











Face        Frequency


   1             1017


   2             1017


   3             1014


   4             1020


   5              929


   6             1003














Data items in original order


   2   6   4   8  10  12  89  68  45  37


Data items in ascending order


   2   4   6   8  10  12  37  45  68  89








Simple Text Scrambler


======================


1)  Encrypt a word


2)  Decrypt a word


3)  Exit Program


Please select a menu option:  1


Enter Pass Key (1-25):  2


Enter Word (ALL CAPS):  HELLO


****************************************


Encrypted String:  JGNNQ


****************************************


1)  Encrypt a word


2)  Decrypt a word


3)  Exit Program


Please select a menu option:  2


Enter Pass Key (1-25):  2


Enter Encrypted Word:  JGNNQ


****************************************


Decrypted String:  HELLO


****************************************


1)  Encrypt a word


2)  Decrypt a word


3)  Exit Program


Please select a menu option:  3








Declare a 3 x 5 multidimensional array and provide initial data.





Function Definition:  You must denote the number of columns.  Number of rows is ignored (and usually left blank.)





77      78      79      80      81


54      55      56      57      58


41      42      43      44      45




















Simple if/else statement





Function prototype:


This function takes an int, returns an int.





These must match





Argument: set to 5.





Function Definition





Returns 5*5, or 25 to the "boss" function.





Function Parameter.





Function Prototype.





Function arguments.





Function Definition





Function parameters





Returns max value to the "Boss" function.





012

















Note the use of auto.  The value of counter is immediately discarded at the end of the autocount() function.  





Unless explicitly set otherwise, all variables are set to auto.





Note the use of static.  Static values retain their value across several function calls.  Static variables are initialized only once.





In main, x equals:  1


In function (a), x equals:  100


In function (b), x equals:  1


In main, x equals:  2





Any variable declared outside of any function is considered global.  Here, x has global scope and can therefore be referenced anywhere in your program.  You generally want to avoid use of these global variables.





Any variable defined inside of a function is considered local.  Here, x is defined as a local variable. Hence, its scope is limited to a() and it can only be referenced inside of the a() function. If you have two variables, one local and one global, both with the same name, the local variable always takes precedence.  Hence, this function will display 100.





Here, we reference the x global variable and increase it by 1.  If x was not global, this statement would cause an error.





Function Prototype





Initialize Random Numbers use the current time.  





00100000011000101100001000010011111010011011010101101101100101101000001111110101


11111100011000100011000001000010001100000110010001111011000000011100001100110110


00101110110000100001100101111100000100111011111100001100110111001110000110001011


10110001110101100011011010010010110010000101010010011010100001010100111101111010


00101110111011000000011110001011101010011010110110101101110001100010111011110001


11100011010110111101110011011010011011110110100000111000011000000111000011100100


00101001011011000011110001111001111000101011010001001001101101011101010010011010


00110101011111110001010100000101010010111001010100000101010011100110110000110101


11111010110101110110000010001000100110011100101000010101001001000001011101101001


10111111001100101011101010000110101011011100101000011010010010110110101110110000


11100001000010100101101100110011011111110001101111110100001001111101010110110000


11100001100011110011100000000001010100001010110110100110111100110011001101101001


1011110110010001100000111000101000010010


Heads:  511


Tails:  489








1! = 1


2! = 2


3! = 6


4! = 24


5! = 120


6! = 720


7! = 5040


8! = 40320


9! = 362880











The address of a is 0012FF88


The value of aPtr is 0012FF88





The value of a is 7


The value of *aPtr is 7








Array Notation





Pointer/Offset Notation





Name:           Bill Clinton


Employee ID:    5


Hourly Wage:    25.00


Name:           Al Gore


Employee ID:    6


Hourly Wage:    20.00








Hello Hello 


Good Bye Good Bye








Name:           Bill Clinton


Employee ID:    5


Hourly Wage:    25.00


Name:           Al Gore


Employee ID:    6


Hourly Wage:    20.00





Note the use of the dot operator to access structure members.





Create Structure Template








Create structure variables and initialize with Data.





Note the use of the -> Arrow Operator to access members of the structure.





Pass Pointer to Structure





AutoCounter:


Counter:  0


Counter:  0


Counter:  0





StaticCounter:


Counter:  0


Counter:  1


Counter:  2





count calls itself with a new index value.





factorial calls itself with a new index value.





Original Order:  5,4


After Swapping:  4,5








Instead of passing the actual values, we pass their addresses via the & operator.





Here, we use the *indirection operator several times.





Variable declaration.





Similar to getchar(), getch() waits for the user to press any key.  getch() requires the Console Input/Output Library <conio.h>





Variable Declaration.





The format specifier %.2f will display a floating point value with two numbers following the decimal point.  This is useful for controlling the format of calculations.





if/else tree to display credit card type.





The flip function returns a random value between 0 and 1.  The % operator is very useful for scaling numbers.





initmap() is in charge of initializing the map array.





Player can move/shoot in any of the four compass directions.








Set debug=1 and the program will draw the multidimensional map array after each move.





Move player to new spot on map.





The smell() function lets the user know if he/she is near the Wumpus or a Pit.








-34-

