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/* Fig. 6.3: fig06_03.c
initializing an array */
#include <stdio.h>

/* function main begins program execution */

int main( void )

{
int n[ 10 ]J; /* n is an array of 10 integers */
int i; /* counter */

/* initialize elements of array n to 0 */

Qutline

£ig06_03.c

(1of 2)

for (i =0; i< 10; i++ ) {
nf i ] = 0; /* set element at location i to 0 */
} /* end for */

printf( "%s%13s\n", "Element", "value" );

/* output contents of array n in tabular format */
for (i =0; i <10; i++ ) { <«

f or loop initializes each array
element separately

printf( "%7d%13d\n", i, n[ i 1 );
} /* end for */

return 0; /* indicates successful termination */

} /* end main */

f or loop outputs al array elements

(< >
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0 0 Outline

1 0

2 0

3 0

4 0 fi g06_03.c
5 0

6 0 (20f 2)

7 0

8 0

9 0
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/* Fig. 6.4: fig06_04.c

Initializing an array with an initializer Tlist */

#include <stdio.h>

/* function main begins program execution */
int main( void )

{

/* use initializer Tlist to initialize array n */
int n[ 10 1 = { 32, 27, 64, 18, 95, 14, 90, 70, 60, 37 };
int i; /* counter */

printf( "%s%13s\n", "Element", "value" );
/* output contents of array in tabular format */
for (i =0; 1 < 10; i++ ) {
printf( "%7d%13d\n", i, n[ i 1 );
} /* end for */

return 0; /* indicates successful termination */

21 } /* end main */

Qutline

£ig06_04.c

(1of 2)

initializer list initializes all array
elements simultaneously

(< >
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Common Programming Error 6.2

Forgetting to initialize the elements of an
array whose elements should be Initialized.

(< >
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Common Programming Error 6.3

Providing more Initializers in an array
initializer list than there are elements
In the array Is a syntax error.

(< >
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/* Fig. 6.5: fig06_05.c

Initialize the elements of array s to the even integers from 2 to 20 */ Outline

#include <stdio.h>

#define SIZE 10 /* maximum size of array */ +— #def i ne directive tells compiler to replace all
instances of the word SI ZE with 10

/* function main begins program execution */
int main( void )

{

/* symbolic constant SIZE can be used to specify array size */

£1g06_05.c

(1of 2)

int s[ SIZE ]; /* array s has SIZE elements */ <
int j; /* counter */

for ( j =0; j < SIZE; j++ ) { /* set the values */

SI ZE isreplaced with 10 by the
compiler, so array s has 10 elements

sLijl=2+2%3j;<«
} /* end for */

printf( "%s%13s\n", "Element", "value" );
/* output contents of array s in tabular format */
for ( j =0; j < SIZE; j++ ) {
printf( "%7d%13d\n", j, s[ 7 1 );
} /* end for */

return 0; /* indicates successful termination */

} /* end main */

f or loop initializes each array
element separately

(< >

[0 2007 Pearson Education,
Inc. All rights reserved.



2 Outline

0

1

2

3

4 10 f1 906_05 .C
5

6 14 (20f 2)

7

8

9

(< >

[0 2007 Pearson Education,
Inc. All rights reserved.



Software Engineering Observation 6.1

Defining the size of each array as a symbolic
constant makes programs more scalable.

(< >
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Good Programming Practice 6.1

Use only uppercase letters for symbolic
constant names. This makes these constants
stand out in a program and reminds you

that symbolic constants are not variables.

(< >
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Good Programming Practice 6.2

In multiword symbolic constant names, use
underscores to separate the words for
readabillity.

(< >
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/* Fig. 6.6: fig06_06.c

Compute the sum of the elements of the array */

#include <stdio.h>
#define SIZE 12

/* function main begins program execution */
int main( void )

{

/* use initializer 1list to initialize array */

12
Qutline

fig06_06.c

int a[ s1ze 1] = { 1, 3, 5, 4, 7, 2, 99, 16, 45, 67, 89, 45 };

int i; /* counter */
int total = 0; /* sum of array */

/* sum contents of array a */

\ . .. . . . . .
initializer list initializes all array
elements simultaneously

for (i =0; i < SIZE; i++ ) {
total += a[ i 1; ¢
} /* end for */

f or loop adds each element of the
array to variablet ot al

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

return 0; /* indicates successful termination */

23 } /* end main */

Total of array element values is 383

total );

(< >

[0 2007 Pearson Education,
Inc. All rights reserved.



© 0N O Ol WDN P

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

/* Fig. 6.7: fig06_07.c
Student poll program */
#include <stdio.h>

13
Qutline

#define RESPONSE_SIZE 40 /* define array sizes */ <

#define FREQUENCY_SIZE 11 <

/* function main begins program execution */
int main( void )
{
int answer; /* counter to loop through 40 responses */
int rating; /* counter to loop through frequencies 1-10 */

/* initialize frequency counters to 0 */

#def i ne directives create
symbolic constants

fi906_07.cC

(1of 2)

int frequency[ FREQUENCY_SIZE ] = { 0 }; <«

/* place the survey responses in the responses array */

: = «—] . .
int responses[ RESPONSE_Size ] ={ 1, 2, 6, 4, 8, 5, 9, 7, 8, 10, responses arraylsdeflned

1, 6, 3, 8, 6, 10, 3, 8, 2, 7, 6, 5, 7, 6, 8, 6, 7, 5, 6, 6,
5, 6! 7’ 5’ 6’ 4, 8! 6! 8! 10 };

/* for each answer, select value of an element of array responses
and use that value as subscript in array frequency to
determine element to increment */

for ( answer = 0; answer < RESPONSE_SIZE; answer++ ) {

f requency array is
defined with 11 elements

with 40 e ements and its
elements are initialized

++frequency[ responses [ answer ] ]; <
} /* end for */

subscript of f r equency array isgiven
by valueinr esponses array

(< >
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28 /* display results */
29 printf( "%s%17s\n", "Rating", "Frequency" );
30

31 /* output the frequencies in a tabular format */

32 for ( rating = 1; rating < FREQUENCY_SIZE; rating++ ) {
33 printf( "%6d%17d\n", rating, frequency[ rating ] );
34 } /* end for */

35

36 return 0; /* indicates successful termination */

37

38 } /* end main */

Rating Frequency
1 2
2 2
3 2
4 2
5 5
6 11
7 5
8 7
9 1

10 3

14
Qutline

fig06_07.c

(20f 2)

(< >
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Common Programming Error 6.6

Referring to an element outside the array bounds.

(< >
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Error-Prevention Tip 6.1

When looping through an array, the array
subscript should never go below 0 and should
always be less than the total number of
elements in the array (size — 1). Make sure the

loop-terminating condition prevents accessing
elements outside this range.

(< >

[0 2007 Pearson Education, Inc. All rights reserved.



© 0N O Ol h WDN PP

NNNRNNMNNNNNERRPERRRRPREPR PR
~No O WNREPOOO®NOOUMWNPRO

28
29

/* Fig. 6.8: fig06_08.c 17
Histogram printing program */ Outline
#include <stdio.h> -
#define SIZE 10
/* function main begins program execution */ £ g06_08.c
int main( void ) -
{
/* use initializer 1list to initialize array n */ (1 sz)
int n[ s1ze ] = { 19, 3, 15, 7, 11, 9, 13, 5, 17, 1 };
int i; /* outer for counter for array elements */
int j; /* inner for counter counts *s in each histogram bar */
printf( "%s%13s%17s\n", "Element", "value", "Histogram" );
/* for each element of array n, output a bar of the histogram */
for (i =0; i < SIZE; i++ ) {
printf( "%7d%13d ", i, n[ 1 1) ;
for ( j =1; j <=n[ i 1; j++ ) { /* print one bar */ : :
orintf( "Gct, 'E' )i nested f or loop printsn[ i ]
T — asteriskson thei thline
printf( "\n" ); /* end a histogram bar */
} /* end outer for */
return 0; /* indicates successful termination */
} /* end main */

(< >

[0 2007 Pearson Education,
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Element value Histogram
0 19 Khdedhhdfhhdehhhirhi®
1 3 Kk
2 15 Fehhfhhhhhhhh®
3 7 hdekhh®
4 11 FThfhffhfii®
5 9 fehddhhdhik
6 13 Thfhhffhhfiidi®
7 5 FThfk®
8 17 fehdedhhdfhhdfhhii®
9 1 ¥*

18
Qutline

£ig06_08.c

(20f 2)

(< >
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/* Fig. 6.9: fig06_09.c

Rol1l a six-sided die 6000 times */

#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#define SIZE 7

/* function main begins program execution */

int main( void )

{

int face; /* random die value 1 - 6 */
int roll; /* roll counter 1-6000 */

int frequency[ SIZE ] = { 0 }; /* clear counts */

srand( time( NULL ) ); /* seed random-number generator */

/* roll die 6000 times */
for ( roll = 1; roll <= 6000;
face =1 + rand() % 6;

rolT++ ) {

19
Qutline

£1g06_09.c

(1of 2)

++frequency[ face ]; /* replaces 26-1ine switch of Fig. 5.8 */

} /* end for */

f or loop uses one array to track
number of times each number is

rolled instead of using 6 variables
and aswi t ch statement

(< >
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2z 20

23 printf( "%s%17s\n", "Face", "Frequency" ); Outline
24 -

25 /* output frequency elements 1-6 in tabular format */

26 for ( face = 1; face < SIZE; face++ ) {

27 printf( "%4d%17d\n", face, frequency[ face ] ); £ g06_09.c
28 } /* end for */

29

30 return 0; /* indicates successful termination */ (2 of 2)

31

32 } /* end main */

Face Frequency
1 1029
2 951
3 987
4 1033
5 1010
6 990

(< >
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6.4 Array Examples

» Character arrays

— String “first” is really a static array of characters

— Character arrays can be initialized using string lterals
char stringl[] = "first";
- Null character '\0' terminates strings
- stringl actually has 6 elements
It is equivalent to
char stringl[]1={"'f', "i', 'r', 's', 't', '\O0' };
— Can access individual characters
stringl[ 3] is character ‘s
— Array name is address of array, so & not needed foscanf
scanf( "%s", string2);
- Reads characters until whitespace encountered
- Be careful not to write past end of array, as it is possible to do so

(< >
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/* Fig. 6.10: fig06_10.c

Treating character arrays as strings */

#include <stdio.h>

/* function main begins program execution */
int main( void )

{

char stringl[ 20 ]; /* reserves 20 characters */

char string2[] = "string literal"; /* reserves 15 characters */

22
Qutline

fig06_10.c

(1of 2)

int i; /* counter */ ‘  st ri ng2 array is defined with one

/* read string from user into array stringl */
printf("Enter a string: ");

element for each character, so 15
elements including null character / O

scanf( "%s", stringl ); /* input ended by whitespace character */

/* output strings */
printf( "stringl is: %s\nstring2 is: %s\n"

"stringl with spaces between characters is:\n",

stringl, string2 );

/* output characters until null character is reached */

for (i = 0; stringl[ i ] != "\0"; i++ ) {&—
printf( "%c ", stringl[ i 1 );

} /* end for */

f or loop prints charactersof stri ngl
array with spacesin between

printf( "\n" );

return 0; /* indicates successful termination */

30 } /* end main */

(< >

[0 2007 Pearson Education,
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Enter a string: Hello there .
~ stringl is: Hello OLIIne
 string2 is: string Titeral
~ stringl with spaces between characters is:

Hello
5 fig06_10.c

(20f 2)

(< >

[0 2007 Pearson Education,
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Performance Tip 6.2

In functions that contain automatic arrays
where the function is in and out of scope
frequently, make the arraystaticsoitis
not created each time the function is called.

(< >
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/* Fig. 6.11: fig06_11.c
Static arrays are initialized to zero */
#include <stdio.h>

void staticArrayInit( void ); /* function prototype */
void automaticArrayInit( void ); /* function prototype */

/* function main begins program execution */
int main( void )
{
printf( "First call to each function:\n" );
staticArrayInit(Q);
automaticArrayInit();

printf( "\n\nSecond call to each function:\n" );
staticArrayInit(Q);
automaticArrayInitQ;

return 0; /* indicates successful termination */

} /* end main */

25
Qutline

fig06_11.c

(1of 4)

(< >
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23 /* function to demonstrate a static local array */
24 void staticArrayInit( void )

25 {
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

/* initializes elements to O first time function is called */

Srarie }:tcil:;:ﬁ[*j = stati c array is created only once, when
’ stati cArrayl nit isfirst called

printf( "\nvalues on entering staticArrayInit:\n" );

/* output contents of arrayl */
for (i =0; i <=2; i++ ) {

printf( "arrayl[ %d 1 = %d ", i, arrayl[ i ] );
} /* end for */

printf( "\nvalues on exiting staticArrayInit:\n" );

/* modify and output contents of arrayl */
for (i =0; i <=2; i++ ) {

printf( "arrayl[ %d ] = %d ", i, arrayl[ i ] += 5 );
} /* end for */

44 } /* end function staticArrayInit */

26
Qutline

fig06_11.c

(2 of 4)

(< >
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47
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51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

/* function to demonstrate an automatic local array */
void automaticArrayInit( void )

{

/* initializes elements each time function is called */

int array2[ 3] = { 1, 2, 3 }; «—

T e ey automatic array is recreated every time

automati cArrayl nit iscalled

printf( "\n\nvalues on entering automaticArrayInit:\n" );

/* output contents of array2 */
for (i =0; 1 <=2; i++ ) {

printf("array2[ %d 1 = %d ", i, array2[ i 1 );
} /* end for */

printf( "\nvalues on exiting automaticArrayInit:\n" );

/* modify and output contents of array2 */
for (i =0; i <=2; i++ ) {

printf( "array2[ %d ] = %d ", i, array2[ i ] += 5 );
} /* end for */

67 } /* end function automaticArrayInit */

27
Qutline

fig06_11.c

(30f 4)

(< >
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First call to each function:

Outline
Values on entering staticArrayInit:
arrayl[l 0 ] =0 arrayl[ 11 =0 arrayl[ 2] =0
Values on exiting staticArrayInit: .
arrayl[ 0 ] =5 arrayl[ 1] =5 arrayl[ 2] =5 fig06_11.c
values on entering automaticArrayInit: (40f 4)

array2[ 0] =1 array2[ 1 ] =2 array2[ 2 ] =3
values on exiting automaticArrayInit:
array2[ 0] =6 array2[ 1 ] =7 array2[ 2 ] =8

Second call to each function:

Values on entering staticArrayInit:
arrayl[ 0 ] =5 arrayl[ 1 ] =5 arrayl[ 2 ] =5
values on exiting staticArrayInit:

arrayl[ 0 ] = 10 arrayl[ 1 ] = 10 arrayl[

N
—
Il

10

values on entering automaticArrayInit:
array2[ 0] =1 array2[ 1 ] =2 array2[ 2 ] =3
Values on exiting automaticArrayInit:
array2[ 0] =6 array2[ 1] =7 array2[ 2 ] =8

(< >

[0 2007 Pearson Education,
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6.5 Passing Arrays to Functions

» Passing arrays

— To pass an array argument to a function, specify t name of the

array without any brackets
int myArray[ 24 ];
myFunction( myArray, 24);

- Array size usually passed to function

— Arrays passed call-by-reference

— Name of array is address of first element
— Function knows where the array is stored

- Modifies original memory locations
» Passing array elements
— Passed by call-by-value

— Pass subscripted name (i.emyArray[ 3 ]) to function

(< >

[0 2007 Pearson Education, Inc. All rights reserved.
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6.5 Passing Arrays to Functions

* Function prototype
void modifyArray( int b[], int arraySize );
— Parameter names optional in prototype
- int b[] could be writtenint []
- int arraySize could be simplyint

(< >
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Performance Tip 6.3

Passing arrays by reference makes sense for
performance reasons. If arrays were passed
oy value, a copy of each element would be
passed. For large, frequently passed arrays,
this would be time consuming and would
consume considerable storage for the copies
of the arrays.

(< >
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1 /* Fig. 6.12: fig06_12.c 32
2 The name of an array is the same as &array[ 0 ] */ Outline

3 #include <stdio.h> -

4

5 /* function main begins program execution */

6 1int main( void ) £ gOG_lZ.c
7 {

8 char array[ 5 ]; /* define an array of size 5 */

9

10 printf( " array = %p\n&array[0] = %p\n &array = %p\n",

11 array, &array[ 0 ], &array );

12

13 return 0; /* 1indicates successful termination */

14

15 } /* end main */

array = 0012FF78
~ &array[0] = 0012FF78
5 &array = 0012FF78

(< >
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/* Fig. 6.13: fig06_13.c

33

Passing arrays and individual array elements to functions */ ()lJt|“163

#include <stdio.h>
#define SIZE 5

/* function prototypes */

void modifyArray( int b[], int size ); <
void modifyElement( int e );

/* function main begins program execution */
int main( void )

{

Function prototype indicates | T1906-13-¢

function will take an array (10of 3)

int a[ s1z 1] = { 0, 1, 2, 3, 4 }; /* initialize a */

int i; /* counter */

printf( "Effects of passing entire array by reference:\n\nThe

"values of the original array are:\n" );
/* output original array */
for (i =0; i < SIZE; i++ ) {
printf( "%3d", a[ i ] );
} /* end for */
printf( "\n" );

/* pass array a to modifyArray by reference */

Array a ispassed to nodi f yArr ay

modifyArray( a, SIZE ); <

by passing only its name

printf( "The values of the modified array are:\n" );

(< >
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31 /* output modified array */ 34

32 for (i =0; i < SIZE; i++ ) { Outline
33 printf( "%3d", a[ i 1 ); -
34 } /* end for */

35

36 /* output value of a[ 3 ] */ £ g06_13.c
37 printf( "\n\n\nEffects of passing array element "

38 "by value:\n\nThe value of a[3] is %d\n", a[ 3 ] );

o (2.0f 3)

40 modifyElement( a[ 3 ] ); /* pass array element a[ 3 ] by value */

41 “ 

42 /* output value of a[ 3 ] */ Array element is passed to nodi f yEl enent
43 printf( "The value of a[ 3 ] is %d\n", a[ 3 ] ); by passinga] 3 ]
44

45 return 0; /* 1indicates successful termination */

46

47 } /* end main */

48

49 /* in function modifyArray, "b" points to the original array "a"

50 in memory */

51 void modifyArray( int b[], int size )

52 {

53 int j; /* counter */

54

55 /* multiply each array element by 2 */
56 for ( j =0; j < size; j++ ) {

57 bl j 1 *= 2;

58 } /* end for */

59

60 } /* end function modifyArray */ IT Ll

[0 2007 Pearson Education,
Inc. All rights reserved.
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62 /* in function modifyElement, "e" is a local copy of array element
63 a[ 3 ] passed from main */

64 void modifyElement( int e )

65 {

66 /* multiply parameter by 2 */

67 printf( "value in modifyElement is %d\n", e *= 2 );

68 } /* end function modifyElement */

Effects of passing entire array by reference:

The values of the original array are:
0 1 2 3 4

The values of the modified array are:
0 2 4 6 8

Effects of passing array element by value:
The value of a[3] 1is 6

value in modifyElement is 12
The value of a[ 3 ] is 6

35
Qutline

fig06_13.c

(30f 3)

(< >
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/* Fig. 6.14: fig06_14.c

36

Demonstrating the const type qualifier with arrays */ ()lJt|“1€3

#include <stdio.h>

void tryToModifyArray( const int b[] ); /* function prototype */

/* function main begins program execution */

int main( void )

{
int a[] = { 10, 20, 30 }; /* initialize a */
tryToModifyArray( a );
printf("%d %d %d\n", a[ 0 ], a[ 1 ], a[ 2 ] );

return 0; /* indicates successful termination */

} /* end main */

fig06_14.c

(1of 2)

const qualifier tells compiler that
array cannot be changed

/* 1in function tryToModifyArray, array b is const, so it cannot be

used to modify the original array a in main. */
void tryToModifyArray( const int b[] )
{

b[ 0] /= 2; /* error */

b[ 1] /= 2; /* error */ <

b[ 2 ] /= 2; /* error */ <
} /* end function tryToModifyArray */

Any attempts to modify the array will
result in errors

(< >

[0 2007 Pearson Education,
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Compiling...

FIG06_14.C
- fig06_14.c(24) : error C2166: 1-value specifies const object
§ fig06_14.c(25) : error C2166: 1-value specifies const object
§ fig06_14.c(26) : error C2166: T-value specifies const object

37
Qutline

fig06_14.c

(20f 2)

(< >
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Software Engineering Observation 6.3

The const type gualifier can be applied to an
array parameter in a function definition to
prevent the original array from being modified
In the function body. This is another example
of the principle of least privilege. Functions
should not be given the capabillity to modify an
array unless it is absolutely necessary.

(< >
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6.6 Sorting Arrays

= Sorting data
— Important computing application
— Virtually every organization must sort some data
= Bubble sort (sinking sort)

Several passes through the array

39

— Successive pairs of elements are compared
- If increasing order (or identical ), no change
- If decreasing order, elements exchanged

Repeat

= Example:

original: 3426 7
passl: 32467
pass2: 23467
Small elements "bubble" to the top

(< >
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/* Fig. 6.15: fig06_15.c

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

#include <stdio.h>
#define SIZE 10

/* function main begins program execution */
int main( void )

{

/* initialize a */

int a[ s1ze 1 = { 2, 6, 4, 8, 10, 12, 89, 68, 45, 37 };

int pass; /* passes counter */

int 1i; /* comparisons counter */

int hold; /* temporary location used to swap array elements */

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

/* output original array */
for (i =0; i < SIZE; i++ ) {
printf( "%4d", a[ i ] );

} /* end for */

/* bubble sort */
/* loop to control number of passes */
for ( pass = 1; pass < SIZE; pass++ ) {

/* Toop to control number of comparisons per pass */
for (1 =0; i <SIZE - 1; i++ ) {

40
Qutline

fig06_15.c

(1of 2)

(< >
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30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51 }

Data

Data

2

2

/* compare adjacent elements and swap them if first

element is greater than second element */
if Cafli]l>ali+11]1) {

hold = a[ i ];
ali]=a[is+1]: «— Ifanytwoarray elementsareout of

a[ i + 1 ] = hold; order, the function swaps them

} /* end if */

} /* end inner for */
} /* end outer for */
printf( "\nData items in ascending order\n" );
/* output sorted array */
for (i =0; i < SIZE; i++ ) {

printf( "%4d", a[ i ] );
} /* end for */

printf( "\n" );

return 0; /* indicates successful termination */

items in original order

6 4 8 10 12 89 68 45 37
items in ascending order

4 6 8 10 12 37 45 68 89
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6.7 Case Study: Computing Mean,
Median and Mode Using Arrays

* Mean — average

» Median — number in middle of sorted list
- 1,2,3,4,5
— 3 is the median

* Mode — number that occurs most often
~-1,1,1,2,3,3,4,5
— 1 is the mode
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/* Fig. 6.16: fig06_16.c

This program introduces the topic of survey data analysis.
It computes the mean, median and mode of the data */

#include <stdio.h>
#define SIZE 99

/* function prototypes */
void mean( const int answer[] );

void median( int answer[] );
void mode( int freq[], const int answer[] ) ;
void bubblesort( int a[] );
void printArray( const int a[] );

/* function main begins program
int main( void )

{

43
Qutline

fig06_16.c

(1of 6)

execution */

int frequency[ 10 ] = { 0 }; /* initialize array frequency */

/* initialize
int responsel[

{6, 7,
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/* process responses */
mean( response );

median( response );

mode( frequency, response );

return 0; /* indicates successful termination */

} /* end main */

/* calculate average of all response values */
void mean( const int answer[] )

{

int j; /* counter for totaling array elements */
int total = 0; /* variable to hold sum of array elements */

printf( "%s\n%s\n%s\n", "¥¥FkEkkkxt B Megn", "FkEkEkwil 5,

/* total response values */

for ( j =0; j < SIZE; j++ ) {
total += answer[ j 1;

} /* end for */

printf( "The mean is the average value of the data\n"
"items. The mean is equal to the total of\n"
"all the data items divided by the number\n"
"of data items ( %d ). The mean value for\n"
"this run is: %d / %d = %.4f\n\n",
SIZE, total, SIZE, ( double ) total / SIZE );

60 } /* end function mean */
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/* sort array and determine median element's value */ C)lJtI“an
void median( int answer[] )

{

printf( "\n%s\n%s\n%s\n%s",

"********"’ w Med-ian"’ "********"’

fig06_16.c

"The unsorted array of responses 1is" );

(30f 6)

printArray( answer ); /* output unsorted array */

bubblesort( answer ); /* sort array */ «<———— Oncethe array is sorted, the median will
be the value of the middle element

printf( "\n\nThe sorted array is" );
printArray( answer ); /* output sorted array */

/* display median element */

printf( "\n\nThe median is element %d of\n"
"the sorted %d element array.\n"
"For this run the median is %d\n\n",
SIZE / 2, SIZE, answer[ SIZE / 2 ] );«

} /* end function median */

/* determine most frequent response */
void mode( int freq[], const int answer[] )

{

int rating; /* counter for accessing elements 1-9 of array freq */

int j; /* counter for summarizing elements 0-98 of array answer */

int h; /* counter for diplaying histograms of elements in array freq */

int Targest = 0; /* represents largest frequency */

int modevalue = 0; /* represents most frequent response */ |T Ll
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printf( "\n%s\n%s\n%s\n",

Whkddddiit! " " WhkdhdiixW .
, Mode", )

/* initialize frequencies to 0 */

for ( rating = 1; rating <= 9; rating++ ) {
freq[ rating ] = 0;

} /* end for */

/* summarize frequencies */

for ( j =0; j < SIZE; j++ ) {
++freq[ answer[ j 1 1;

} /* end for */

/* output headers for result columns */
printf( "%s%11s%19s\n\n%54s\n%54s\n\n",
"Response", "Frequency", "Histogram",
"1 1 2 2", "5 0 5 0 5" );

/* output results */
for ( rating = 1; rating <= 9; rating++ ) {
printf( "%8d%11d ", rating, freq[ rating ] );

/* keep track of mode value and largest frequency value */
if ( freq[ rating ] > Targest ) {

Targest = freq[ rating ];

modevalue = rating;
} /* end if */
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134 /* function that sorts an array with bubble sort algorithm */

135
136
137
138
139
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/* output histogram bar representing frequency value */
for ( h = 1; h <= freq[ rating 1; h++ ) {

printf( "*" );
} /* end inner for */

printf(C "\n" ); /* being new line of output */
} /* end outer for */

/* display the mode value */
printf( "The mode is the most frequent value.\n"
"For this run the mode is %d which occurred"
" %d times.\n", modevalue, largest );
} /* end function mode */

void bubbleSort( int a[] )

{

int pass; /* pass counter */
int j; /* comparison counter */
int hold; /* temporary location used to swap elements */

/* loop to control number of passes */
for ( pass = 1; pass < SIZE; pass++ ) {

/* Toop to control number of comparisons per pass */
for ( j =0; j <SIZE - 1; j++ ) {

47
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/* swap elements if out of order */
if Caljl>alj+11){

hold = a[ j 1;

al j1=alj+1]1;

a[l j + 1 ] = hold;
} /* end if */

} /* end inner for */

} /* end outer for */

} /* end function bubbleSort */

/* output array contents (20 values per row) */
void printArray( const int a[] )

{

int j; /* counter */

/* output array contents */
for ( j =0; j < SIZE; j++ ) {

if (jJ %20 ==0) { /* begin new line every 20 values */
printf( "\n" );
} /* end if */

printf( "%2d", a[ j 1 );
} /* end for */

175} /* end function printArray */
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Mean ;

Outline

The mean 1is the average value of the data

items. The mean 1is equal to the total of

all the data items divided by the number

of data items ( 99 ). The mean value for
this run is: 681 / 99 = 6.8788

Khfhhikk (1 Of 2 )
Median

Khfhhikk

The unsorted array of responses s
678987898978959878738
678939878778989897289
67878798927898989753
567253946478968789738
74425387564561657387

The sorted array is
12223333444445555555
56666666667 777777777
7777777777777 8888888
8 8888888888888888888
999999999999999999)9

(continued on next slide... )
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The median is element 49 of
the sorted 99 element array.
For this run the median is 7

Fehfdhdh®

Mode
hrhfhhi®

Response Frequency

1 1
2 3
3 4
4 5
5 8
6 9
7 23
8 27
9 19

Histogram

*dek

Kdekd

Kdkdk

Tdekdkdhk

fdekdhfhik
Tedehdehdhdhfhhhhdhdhfhih®
Fdehdehdhdhfdhdhdhdhfhdhdihi®
Fedehdehdhdhdhhhhihih®

The mode 1is the most frequent value.
For this run the mode is 8 which occurred 27 times.

(continued from previous slide...)
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6.8 Searching Arrays

» Search an array for akey value

* Linear search
— Simple
— Compare each element of array with key value
— Useful for small and unsorted arrays

(< >
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/* Fig. 6.18: fig06_18.c 52

Linear search of an array */ Outline
#include <stdio.h>
#define SIZE 100

/* function prototype */ £ g06_18.c
int TinearSearch( const int array[], int key, int size ); -

(1of 3)

© 0N O Ol B WDN PP

/* function main begins program execution */

int main( void )

11 {

12 int a[ SIZE ]; /* create array a */

13 int x; /* counter for initializing elements 0-99 of array a */
14 int searchKey; /* value to locate in array a */

15 int element; /* variable to hold location of searchKey or -1 */
16

17 /* create data */

18 for ( x = 0; X < SIZE; x++ ) {

=
o

19 al x ] = 2 * x;
20 } /* end for */
21
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printf( "Enter integer search key:\n" );
scanf( "%d", &searchKkey );

/* attempt to locate searchkKey 1in array a */
element = linearSearch( a, searchkey, SIZE );

/* display results */
if ( element !'= -1 ) {
printf( "Found value in element %d\n", element );
} /* end if */
else {
printf( "value not found\n" );
} /* end else */

return 0; /* indicates successful termination */

} /* end main */

/* compare key to every element of array until the location is found

or until the end of array is reached; return subscript of element
if key or -1 if key is not found */

int TinearsSearch( const int array[], int key, int size )

{

int n; /* counter */

53
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/* loop through array */

for (n=0; n < size; ++n ) { <

if ( array[ n ] == key ) {

return n; /* return location of key */

} /* end if */
} /* end for */

return -1; /* key not found */

58 } /* end function linearSearch */

Enter integer search key:

36

Found value in element 18

Enter integer search key:

37

value not found

Linear search algorithm searches
through every element in the
array until amatch isfound
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6.9 Multiple-Subscripted Arrays

» Multiple subscripted arrays
— Tables with rows and columnstt by n array)
— Like matrices: specify row, then column

= Initialization

—int b[2][2]1={{1,2},{3,4}};
— Initializers grouped by row in braces
— If not enough, unspecified elements set to zero
int b[2]1[2]={{1},{3,4}};
» Referencing elements

— Specify row, then column
printf("%d", b[0][1]);

(< >
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Common Programming Error 6.9

Referencing a double-subscripted array element

asal X, ylinstead ofa[ x ][y ]. C interprets
al x, y]asal[y], and as such it does not cause

a syntax error.
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Column 0

Rowo a[ 0 J[ 0 ]
Row |

a[ 1 J[ 0 ]

Row2 a[ 2 ][ 0 ]

57

Column | Column 2 Column 3
alo]1Cl1] afo0]1J[ 2] alf o0 ][ 3]
al11C01]1 al1102]1 alf11[3]1]
al 21011 af 2121 alf21]1[3]1]
| L

Column index

Row index

Array name

Fig. 6.20 | Double-subscripted array with three rows and four columns.
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/* Fig. 6.21: fig06_21.c

Initializing multidimensional arrays */

#include <stdio.h>

58
Qutline

void printArray( const int a[][ 3 ] ); /* function prototype */

/* function main begins program execution */
int main( void )

{

/* initialize arrayl, array2, array3 */

int arrayl[ 2 1[ 31 ={{1, 2,33, {4,5,61} 3}

fig06_21.c

(1of 2)

arr ayl isinitialized with both rows full

{ 1’ 2’ 3’ 4’ 5 };<
{{1, 23} {4} b

int array2[ 2 ][ 3 ]
int array3[ 2 ][ 3 1]

array2 andarray3 areinitialized only partially

printf( "values 1in arrayl by row are:\n" );
printArray( arrayl );

printf( "values 1in array2 by row are:\n" );
printArray( array2 );

printf( "values 1in array3 by row are:\n" );
printArray( array3 );

return 0; /* indicates successful termination */

26 } /* end main */

27
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28 /* function to output array with two rows and three columns */

29 voi
30 {
31
32
33
34
35
36
37
38
39
40
41
42
43
44

d printArray( const int a[l[ 3 1)

int i; /* row counter */
int j; /* column counter */

/* Toop through rows */
for (i =0; i <=1; i++ ) {

/* output column values */

for ( j =05 j <=2; j++ ) {
printf( "%d ", al i 1[ § 1 );

} /* end inner for */

printf( "\n" ); /* start new line of output */
} /* end outer for */

45 } /* end function printArray */

values in arrayl by row are:

123
456

values in array2 by row are:

123
450

values in array3 by row are:

120
400
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