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LECTURE 4
ARRAYS

An array is a group of memory locations related by the fact that they all have the same name and are of the same type. To refer to a specific location in the array, we specify the name of the array and the position number of the particular element in the array

Declaring Arrays

int value[3]; // declaration

Initializing an Array
for( int i=0; i<3; i++ )


{



value[i] = 0; // set all values to zero



}

printf( "%d\n", value[i] ); // set all values to zero

Initializing an Array with a declaration

int value[3] = {25, 37, 19}; // declaration

Defining / Using Symbolic Constants

#define SIZE
3

int value[SIZE] = {25, 37, 19}; // declaration

for( int i=0; i<SIZE; i++ )


{



value[i] = 0.0f;



}

	NB> Scribblers:

C has no array bounds checking to prevent the computer from trying to access an element that does not exist. I.e. negative elements or elements greater than array size


Using Arrays

char buffer[] = "Hello World";

Array size = 12

	NB> There are 12 elements. The first 11 elements hold the characters, the last element holds a NULL ‘\0’ terminating character


Individual characters within string arrays can be accessed as follows:

buffer[0]  = ‘H’

buffer[4]  = ‘o’

buffer[11] = ‘\0’ or NULL



	buffer[0]
	H

	buffer[1]
	e

	buffer[2]
	l

	buffer[3]
	l

	buffer[4]
	o

	buffer[5]
	

	buffer[6]
	W

	buffer[7]
	o

	buffer[8]
	r

	buffer[9]
	l

	buffer[10]
	d

	buffer[11]
	\0



Array Address

char string[] = "Hello";


printf( "%s\n", string );

The ‘&’ is not used to store values in arrays. The ‘&’ means the ‘address of’. However, the name of the array is also the address of the array, therefore it is not needed. (more on addresses later)

	NB> The name of the array is the same as the address of the first element of the array


To prove the above fact, try using %p to print out the address of the array:

printf( "%p\n%p\n", buffer, &buffer[0] );

Static Arrays

A static local variable in a function definition exists for the duration of the program – but is only visible inside the function body

Values written to a static local variable are not destroyed each time the function exits.

This reduces program execution time, particularly for programs with frequently called functions that contain large arrays


void printStaticArray (void)

{



static int x[] = {1,2,3};



for(int i=0; i<3; i++ )




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



printf( "\n" );



for(int i=0; i<3; i++ )




printf( "%d\t", x[i]+=5);

printf( "\n\n" );

}

void main(void)

{


printStaticArray ();


printStaticArray ();

}
	NB> If a static variable is not explicitly initialized by the programmer, that variable is initialized to zero by the compiler


Passing Arrays to Functions

int temp[24];


modifyArray(temp, 24);

	NB> Do not add the ‘&’ as temp is the address of the first element in the array

NB> Could also pass number of elements (optional)


Sorting Arrays

Smallest to greatest values

Bubble Sort / Sinking Sort Technique

int a[SIZE] = {5,2,9,11,46,3};


int temp;


for( int i=0; i<SIZE; i++ )


{



for ( int j=0; j<SIZE; j++ )



{




if( a[i] > a[j] )




{





// swap values round using temp




}



}


}


// print results..

Searching Arrays – Linear / Binary Search

Linear Search

int a[SIZE] = {5,2,9,11,46,3};


int value = 46;


for( int i=0; i<SIZE; i++ )


{



if( a[i] == value )



{




break;



}


}

Binary Search

Worst-case scenario – searching an array of 1024 elements will take only 10 comparisons using a binary search

	1024 / 2
	=
	512

	512 / 2
	=
	256

	256 / 2
	=
	128

	128 / 2
	=
	64

	64 / 2
	=
	32

	32 / 2
	=
	16

	16 / 2
	=
	8

	8 / 2
	=
	4

	4 / 2
	=
	2

	2 / 2
	=
	1


1024 (210) is divided by 2 only 10 times to get to the value 1

An array of 1048576 (220) = 20 divisions by 2 to reach the value of 1

An array of 1 Billion takes a maximum of 30 divisions to find the value

Binary searching offers a tremendous increase in performance over the linear search

Example:

Linear:
takes an average of 500 million comparisons

Binary:
takes a maximum of 30 comparisons

Exercises:

Binary Search Algorithm

Write a program that asks the user to input a number between 1 and 1000. Using a binary search algorithm, calculate the number of iterations taken for the program to identify the correct value.

Linear Search Algorithm

Write another program that asks the user to input a number between 1 and 1000.  Using a linear search algorithm, calculate the number of iterations taken for the program to identify the correct value.

Multiple Subscripted Arrays – Multi-dimensional Arrays

a[3][4] = 3 x rows, 4 x columns

The ANSI standard states that an ANSI C system must support at least 12 array subscripts (12 x dimensions) wow!

Initializing Multi-dimensional Arrays

int a[2][3] = { {0,4,1},{3,7,8} };
	
	Column 0
	Column 1
	Column 2
	Column 3

	Row 0
	a[0][0]
	a[1][0]
	a[2][0]
	a[3][0]

	Row 1
	a[0][1]
	a[1][1]
	a[2][1]
	a[3][1]

	Row 2
	a[0][2]
	a[1][2]
	a[2][2]
	a[3][2]









Exercise 1: CRAPS

Write a C program that simulates the rolling of 2 dice. The program should use rand() to roll the first die, and should use rand() again to roll the second die.. The sum of the two values should then be calculated. Since each die can show an integer value between 1 and 6, the sum of the two values will range between 2 and 12 with 7 being the most frequent and 2 and 12 being the least frequent. The 36 possible combinations are shown below.

	
	1
	2
	3
	4
	5
	6

	1
	2
	3
	4
	5
	6
	7

	2
	3
	4
	5
	6
	7
	8

	3
	4
	5
	6
	7
	8
	9

	4
	5
	6
	7
	8
	9
	10

	5
	6
	7
	8
	9
	10
	11

	6
	7
	8
	9
	10
	11
	12


Your program should roll the dice 36,000 times. Use a single sub-scripted array to tally the number of times each possible sum appears. Print the results in a tabular format. Also determine if the totals are reasonable, i.e. there are six ways to roll 7, so approximately one sixth of all rolls should be 7

Exercise 2: CRAPS

Write a program that runs 1000 games of craps and answers each of the following questions:

· How many games are won on the first roll, 2nd roll…… 20th roll and after the 20th roll

· How many are lost on the first roll, 2nd roll…… 20th roll, and after the 20th roll?

· What are the chances of winning at craps?

· What is the average length of a game of craps?

· Do the chances of winning improve with the length of the game?

Exercise 2: TURTLE GRAPHICS

The Logo Language, which is particularly popular among personal computer users, made the concept of turtle graphics famous. Imagine a mechanical turtle that walks around a room under the control of a C program. The turtle holds a pen in one of two positions, up or down. While the pen is down the turtle traces out shapes as it move along. Whilst the pen is up, the turtle can move around without drawing anything. In this problem you will simulate the operation of the turtle and create a computerized sketchpad.

Use a 50x50 array floor that is initialized to zeros. Read commands from an array that contains them. Keep track of the current position of the turtle at all times and whether the pen is in the up or down position. Assume that the turtle always starts at the 0,0 position of the floor with its pen up. The set of commands your program must process are as follows:

	1
	Pen up

	2
	Pen down

	3
	Turn right

	4
	Turn left

	5,20
	Move forwards 20 spaces (or a number other than 20)

	6
	Print the 50x50 array

	9
	End of data


Write a program that draws the following primitives:

· 12-by-12 square

· An equilateral triangle

· A circle with radius 10

Ref: http://en.wikipedia.org/wiki/Logo_programming_language
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