Chapter 6 - Arrays ( *& 31 )
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Objectives

* In this chapter, you will learn:

- To introduce the arva Y data structure.

- To understand the use of arrays to store, sort andt search Lists
anol tables of values.

—- To understand how to
© define an array,
© Initialize an array and
- vefer to individual elements of an arvay.

- To be able to pass arrays to functions,
- To understand basic sorting technigues.
- To be able to define and manipulate multiple subseript arrays,
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6.1 Introduction

* Arrays
— Structures of related data items
— Static entity - same size throughout program
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6.2 Arrays

e Array
- Group of consecutive memory locations
— Same name and type Name of array (note that all elements
of this array have the same name, c)
* To refer to an array element, need l
to Specify c[ 0] ~45
cl 1] 6
- Array name ("L 7] % f0) c[2] 0
— Position number (> % $%5%), or the CE ; ; 1522
subscript I e
. cl 6] 0
* Format: . .
arrayname[ position number | L8] E
. oy , c[ 91 1
— First element at position 0 (4551 0 FiZ5) e[ 10 ] 6453
- n element array named c: cbit] 8
ec[ O], c[ 1 ]1...c[ n-11] T

Position number of the element within array ¢
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6.2 Arrays

Array elements are like normal variables
c[ 0] = 3;
printf( "%d", c[ 0 1 )

Can perform operations in subscript.

If xequals3,thenc[ 5 - 2 ], c¢[ 3 ] and
c[ x ] are the same

If a=>5and b = 6, then the statement
cl a+b] += 2;
adds 2 to array element c[ 11 |.
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6.2 Arrays

Operators

[] O

++ -= ! Coype)
% / %

+ —

< <= > >=
= ' =

&&

|

?:

= —+= == = /= %:

Fig. 6.2 | Operator precedence and associativity.
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Associativity

left to right
right to left
left to right
left to right
left to right
left to right
left to right
left to right
right to left
right to left
left to right

Type

highest

unary
multiplicative
additive
relational
equality
logical AND
logical OR
conditional
assignment

comina



6.3 Defining Arrays
* When defining arrays, specify

- Name
- Type of array

— Number of elements
arrayType arrayName[ numberOfElements ];

- Examples:
int ¢[ 10 ];
float myArray[ 3284 ];
* Defining multiple arrays of same type

— Format similar to regular variables

- Example:
int b[ 100 ], x[ 27 ];
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Initializers
intn[ 5]1={(1, 2, 3, 4, 5 };

If not enough initializers, rightmost elements become 0
int n[ 5] ={01};/* {0, 0, 0,0, 0} */
int n[ 5] ={11};/*{1, 0, 0, 0, 0} */

If too many, a syntax error is produced
eintn[ 51 ={1, 2, 3, 4, 5, 6 };
/*error!*/

C arrays have no bounds checking

If size omitted, initializers determine it
intn[ ] =(1, 2, 3, 4, 5 };
- b5 initializers, therefore 5 element array
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Defining an Array and Using a Loop to Initialize

the Array's Elements

1
2
3
4
)
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

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

/* function main begins program execution */

el BB R |
int n[ 10 J; /* n is an array of 10 integers */

—

iRy for (1= 0;1<=10; i++) gFgifa] ?

int 1i; /* counter */

/* initialize elements of array n to 0 */ 5
for (1 =0; 1 < 10; i++ ) { 0
n[f 1] =0; /* set element at location i to 0 */ °
} /* end for */
printf( "%s%13s\n", "Element", "value" ); /ﬂj:}j% “Element” E “Value” A Wi{ESE » 1T

/* output contents of array n in tabular format */
for (i =0; 1 < 10; i++ ) {

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

i %13s o 13 FRongG 13 (2= {51 El
“Value” 788 -

Lprintf I 968 BB BB | SRR

return 0; /* indicates successful termination */

} /* end main */
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By for (1=0;1<=10;i++ ) FA{d ?

-

/* initialize elements of array n to 0 */.
for (i = 0; FHIRCHEN; i++ ) {.

n[ 1 ] = 0;
}o

Caution:

C s WM &S [{ERY AN (No array bounds checking in C!
) LR E Ry MEE B RERF » (E4meeis N ot
ar o HERTE RS > Bl A o] HEAAYSE R - iy H S
P A R A R S K o
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fig06_03.exe

fig06_03.excdasE fEE - VBRI » SRILEES -

B B TIFRARSTR - FrE AR SRR AIRES E -

sAalER LR R84S Microsoft
%g& Eidﬁ}ﬁﬁﬁiﬁi AL EEE T - AR Ea &R

% "‘*""Fﬁlﬁliﬁﬁﬁ%éﬁ ’
autl

ﬁﬁ%L%mﬁﬁmﬁmﬁ hlc!
ni]
e
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Initializing an Array in a Definition with an -

Initializer List

1 /* Fig. 6.4: fig06_04.c

2 Initializing an array with an initializer list */

3 #include <stdio.h> figOG_O4.C
4

5 /* function main begins program execution */

© Tne w0 [ s HET RIS - FRFE S TR }
8 /* use initializer list to initialize array n */

9 int n[ 10 ] = { 32, 27, 64, 18, 95, 14, 90, 70, 60, 37 };

10 int i; /* counter */

11

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

13

14 /* output contents of array in tabular format */

15 for (1 =0; 1 < 10; i++ ) {

16 printf( "%7d%13d\n", i, n[ i ] );

17 } /* end for */

18

19 return 0; /* indicates successful termination */

20

21 } /* end main */
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Specifying an Array's Size with a Symbolic Constant

15

and Initializing Array Elements with Calculations

© 0O ~N o o B W N -

N T N T N N e e e e e e
A W N P O © 00 N o o0 W N P O

25
26

/* Fig. 6.5: fig06_05.c

fig06_05.c

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

#include <stdio.h>
#define SIZE 10 <

/* function main begins program execution */

int mainQ)

{
/* symbolic constant SIZE can be used to spf
int s[ SIZE ]; /* array s has 10 elements ¥
int j; /* counter */

for ( j =0; j < SIZE; j++ ) { /* set the V
sLil=24+2%7;
1 /¥ end for */

printf( "%s%1l3s\n", "Element", "value" );

/* output contents of array s in tabular fo

#define SIZE 10

# AIE BRI 235 (preprocessor directive)

Define a symbolic constant ({575 & %) SIZE whose value is
10

Symbolic constant SIZE in the code is replaced by text 10
before compilation

Makes programs more scalable (&5 2/ %15 22 S #E a1 A /)N
» HEREEES SIZE AY{E )

E1E L symbolic constant names {5 F K5 £}
T HIEESEERAYE A CREI0 " 5%y 5 B T ESR ) =)

#define SIZE = 10
#define SIZE 10;

for ( j =0; j < SIzE; j++ ) {
printf( "%7d%13d\n", j, s[ j 1 );
} /* end for */

return 0; /* indicates successful termination */

} /* end main */
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Summing the Elements of an Array

© 0 N OO o b~ W N PP

10
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13
14
15
16
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18
19
20
21
22

/* Fig. 6.6: fig06_06.c

compute the sum of the elements of the array */ fig06_06.c
#include <stdio.h>
#define S1zE 12
/* function main begins program execution */
int mainQ
{

/* use initializer Tist to initialize array */

inta[ st1ze ] ={1, 3, 5, 4, 7, 2, 99, 16, 45, 67, 89, 45 };

int i; /* counter */

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

TR ESITTE LN

/* sum contents of array a */

total

total + a [ 1 ];

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

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

return 0; /* indicates successful termination */

23 } /* end main */

Total of array element values is 383

© Copyright by Deitel
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Using Arrays to Summarize Survey Results

18

Forty students were asked to rate the quality of the food in the student
cafeteria on a scale of 1 to 10. Place the 40 responses in an integer array

and summarize the results of the poll.

© 00 N O o B~ W N P
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/* Fig. 6.7: fig06_07.c
Student poll program */
#include <stdio.h>
#define RESPONSE_SIZE 40 /* define array sizes */
#define FREQUENCY_SIZE 11

/* function main begins program execution */
int mainQ)
{

int answer; /* counter */

int rating; /* counter */

/* initialize frequency counters to 0 */
int frequency[ FREQUENCY_SIZE ] = { 0 };

/* place survey responses in array responses */

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

AEHIPEM{ET A responses
frequency HYf&EF ;

responses RyfE 5S4 FrdTHY T RIPFT4H AR
g‘g » frequency HIIRHIRFT B RBPTLERL

PIgl frequencyl[ 1 1 R BHTR 1 B
EBEANE ( KB ) - HRIE 10 EOR

WRF frequency HIFEHFER 11 ; AEEELA
frequency[ 1 ]

frequency[ 2 ]

frequency[ 9 ]

frequency[ 10 ]
TR B (R EL -

fEiE® frequency[0] IREEA -

int responses[ RESPONSE_Ssize ] = { 1, 2, 6, 4, 8, 5, 9, 7, 8, 10,
5, 7, 6, 8’ 6! 7!

5, 6, 6,
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21 /* for each answer, select value of an element of array responses 19

22 and use that value as subscript in array frequency to
23 determine element to increment */ fig06_07.c (Part 2 of
24 for ( answer = 0; answer < RESPONSE_SIZE; answer++ ) { 2)
25 ++frequency[ responses [ answer ] ];
26 } /* end for */
27
: ﬁ Key Statement:

28 /* display results */

_ i ++frequency|[ responses|[ answer ] ];
29 printf( "%s%17s\n", "Rating", "Frequency" );
30
31 /* output frequencies in 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 */
81

38 } /* end main */

Rating Frequency .
1 2 Caution:
2 2 o
3 2 CES Wi A =5 [{EAY A/ (No array bounds checking in C!
g : ) > MR & 25 [ {EE A S RS - 1F GmeEiy A g 3 4 5
¢ 1 S (BAERTTIZSART » IRE SRR w A « T AT
7 5 s A B S K -
g i What if responses[23] = 137
10 3
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Graphing Array Element Values with Histograms

Reads numbers from an array and graphs the information in the

20

Histogram
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BEEH

form of a bar chart or histogram e T
1 /* Fig. 6.8: fig06_08.c % lg
2 Histogram printing program */ 4 11
3 #include <stdio.h> g 13
4 #define s1zE 10 & Fl—HEE E : g 1;
: GG T 9 :
6 /* function main begins program execution */ 3 7
7 1int main(Q) n[3]
2 { /* use initializer list to initialize arra \jjﬁﬂﬂ%lﬁtﬁﬁ@ !

Y h—
10 int n[ s1ze ] = { 19, 3, 15, 7, 11, 9, 13, 5, 17, 1 };
11 int i; /* outer counter */
8 spaces

12 int j; /* inner counter */ ,
13
14 printf( "%s%13s%17s\n", "Element”, "value", "Histogram" );
15
16 /* for each element of array’n, output a bar in histogram */
17 for (i =0; 1 < SIZE; i+¥ ) {
18 printf( "%7d%13d “yi,n[ i1 ;
19
20 for (j=1; J <=n[i]; j++ ) { /* print one bar */
21 printf( "%c", "*' );
22 } /* end inner for */
23
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24 printfC "\n" ); /* start next line of output */

25 } /* end outer for */

26

27 return 0; /* indicates successful termination */
28

29 } /* end main */

Element value
19
3
15
7
11
9
13
5
17
1

OooNOUVIhWNREO
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Histogram
TRefehhhhhhhhdhhfdfd

* Rk
FeRehhfvhfhvhvhfh®
Fehehhfh®
FeRehdhfdhhhvht
Fehehhfhhfeh®

EE R R R R SRR R
Fhedhh®
FeRehdhfhhfehvhvhfhii®
*

fig06_08.c (Part 2
of 2)

Program Output
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Rolling a Die 6000 Times and Summarizing the
Results in an Array (in Chapter 5)

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

/* determine face value and increment appropriate counter */

switch ( face ) {

case 1:
++frequencyl;
break;

case 2:
++frequency?;
break;

case 3:
++frequency3;
break;

case 4:
++frequency4;
break;

case 5:
++frequency5;
break;

case 6:
++frequency6;
break;

} /* end switch */

/*

/*

/*

/*

/*

/*

rolled 1 */

rolled 2 */

rolled 3 */

rolled 4 */

rolled 5 */

rolled 6 */

© Copyright by Deitel
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Recall that in Chapter 5 (Fig. 5.8):

R T1% » & (EEEmE
—{E I ERAYREL -

Six Variables:
frequencyl
frequency2
frequency3
frequency4
frequency5
frequency6



Rolling a Die 6000 Times and Summarizing the

Results in an Arrayv

25

© 00 N oo 0o~ WN B

10

12
13
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15
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20
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/* Fig. 6.9: fig06_09.c 26
Rol1l a six-sided die 6000 times */ 27
#include <stdio.h> e
29

#include <stdlib.h> 30
#include <time. P»/[ NOTE: SIZE 7, .
#define S1zZE 7 32
33

34

/* function main begins program execution */ 15
int main() 36
37

{ 38
int face; /* random number 34
int roll; /* roll counter 40

int frequency[ s1z ] = { 0 }; /* initializ

srand( time( NULL ) ); /* seed random-numbe

/* roll die 6000 times */
for ( roll = 1; roll <= 6000; roll++ ) {
face = rand() % 6 + 1;
++frequency[ face ]; /* replaces 26-11ing
} /* end for */

© Copyright by Deitel
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ya gy
£:8

44

15:45

46
AT
> 48

ﬂt@yﬁ f+Irequency| race |,

\HYMM:*EE’\J switch F2FIRLY .

switch  face ) {

case 1:

+frequencyl ;

break;

case 2:

+frequency?;

break;

case 3:

+frequency3;

break;

case 4:

+frequencyd;

break;

case 5:

+Hfrequencys;

break;

case 6:

+frequency6;

break;
Y /% end switch %/

fﬁ

!fﬁ

fw

/w

/ﬁ'

‘{w

rolled 1

rolled 2

rolled 3

rolled 4

rolled 5

rolled &

b

23

=

reg

| N | R ]




23 printf( "%s%17s\n", "Face", "Frequency" ); figO6 09.c (Part 2

24 of 2)
25 /* output frequency elements 1-6 in tabular format */

26 for ( face = 1; face < S1ZE; face++ ) {

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

28 } /* end for */

29

30 return 0; /* indicates successful termination */

31

32 } /* end main */

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

— F = 3| i (char)
e Charc="A"} FALZ-FAF#H *Hilg s F*
— F ¥ (string)
e "Sweet Home" , "ChE NCKU" , "first"
e F @ &% 318 s i 4o "ChE NCKU" -
— String “first” IS really a static array of characters,= #
Al FALFATE A o AT R T P )T%{’&J%@EJ_@*—%J v

I

2_F

© Copyright by Deitel
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Character Array (F = ' 51))

« Character arrays can be initialized using
string literals, e.g.,
char stringl[ ] = "first";

* Null character "\O' terminates strings (\0'
AL R F B 2R ). stringl actually has
6 elements. It Is equivalent to:
char stringl[ ] ={'f, I, 'r,'s’,'t, \0" };
 Individual characters can be accessed, I.e.,
stringl[ 3 ] 1s character ‘s’

© Copyright by Deitel
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27

Character Array (F = ' 51))

Array name Is address of array, so & Is not needed
for scanf
scanf( "%s", string2 );

 Reads characters until whitespace (such as
tabs, newlines, spaces) encountered ; (%] ¢
* scanffé—? B Bﬂfﬂ,}gﬁ»f&& PP Z7u)

gets(strng) 7\ %E»—?S 0

B (F L3
Az U ) %c'
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Using Character Arrays to Store and

Manipulate Strings

© 00 N O 0o B~ W N P

10

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

/* Fig. 6.10: fig06_10.c

Treating character arrays as strings */

#include <stdio.h>

/* function main begins program execution */

int mainQ

{

char stringl[ 20 1];

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

int 1; /* counter */

/* reserves 20 characters *

2)

28

fig06_10.c (Part 1 of

EEE "string literal" 5 £&{E 7T

?

/* read string from user into array strin ﬁﬂ%@é‘ﬁ/\ "Hello there" > stringl ﬁﬂﬂ[ﬁ%?ﬁ: 0

printf("Enter a string: ");
scanf( "%s", stringl );

/* 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 ] !'= "\O'; i++ ) {

i A\ B 8 &R (PRSI B %s ¢ ok
i A\ s oI % |

7 .
=
JoN

printf( "%c 47—stringlL_i_l_Zi_—__i______h
} /* end for */

A space!




26 printf( "\n" );

27

28 return 0; /* indicates successful termination */
29

30 } /* end main */

Enter a string: Hello there

stringl is: Hello

string2 is: string literal

stringl with spaces between characters is:
Hello

© Copyright by Deitel
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30

Static Local Arrays and Automatic Local Arrays

© 00 N oo 0o A W DN -

N NN R R R R R R R R R R
N B O © © N O OO0 D W N P O

/* Fig. 6.11: fig06_1l.c
Static arrays are initialized to zero */
#include <stdio.h>

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

LI S By AR RE S B B [ s S — A
fei%1]4775 static local array f automatic

local arrays HYIE&F °

/* function main begins program execution */

int main(Q
{
printf( "First call to each function:\n" );
staticArrayInit(Q);
automaticArrayInit();

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

return 0; /* indicates successful termination */

} /* end main */

fig06_11.c (Part 1 of
3)
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

/* function to demonstrate a static local array */

void staticArrayInit( void )

{

} /* end function staticArrayInit */

31

/* initializes elements to 0 first time function is called */

static int arrayl[ 3 ]; fig06_11.c (Part 2 of

int 7 /% counter */ S R OB » S )
0o

printf( "\nvalues on entering staticArrayInit:\n" ); G5
TR arrayl BEEREFEY] - RIIE

% RAE AR HEa by 0 - {Hik

/* output contents of arrayl */

BrAT& AN - 5t 222 i)

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 */ flﬁt?@?ﬂﬂ’jm@ﬁﬁ” }

for (i =0; 1<=2; i++ ) {
printf( "arrayl[ %d ] =%d ", i, arrayl[ i ] += 5 );
} /* end for */
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

/* function to demonstrate an automatic local array */ 32

void automaticArrayInit( void )

{

/* initializes elements each time function is called */

int array2[ 31=1{1, 2, 3 }; fig06_11.c (Part 3
int i; /* counter */ ﬁ FEE array?2 T I fE ] ] of 3)

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 ] );
} /* end for */

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

/* modify and output contents of array2 */
for (i =051 <=2; i++ ) {

printf( "array2[ %d 1 = %d ", i, array2[ i ] += 5 );
} /* end for */

FERERR PSRN A T | }

} /* end function automaticArrayInit */
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First call to each function:

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

values on entering automaticArrayInit:
array2[ 0 ] =1 array2[ 1 ] = 2 array2[ 2
vValues on exiting automaticArrayInit:
array2[ 0 ] = 6 array2[ 1] =7 array2[ 2

Second call to each function:

Values on entering staticArrayInit:
arrayll 0 ] =5 arrayl[l 1] =5 arrayl[ 2
Values on exiting staticArrayInit:
arrayl[ 0 ] = 10 arrayl[ 1 ] = 10 arrayl[

vValues on entering automaticArrayInit:
array2[ 0 ] =1 array2[ 1 ] = 2 array2[ 2
values on exiting automaticArrayInit:
array2[ 0 ] = 6 array2[ 1 ] =7 array2[ 2

© Copyright by Deitel
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34

Call by Value - Passing Variables to Functions

#include <stdio.h>

void addl0 (int,int); /* addlo0 ()HyERI */
int main()

{ int a =3, b = 5; /* BEEERERHD */

printf ( "MROURKEGadd1o () ZH: " )
printf ( "a = %2d, b = %2d\n", a, b ); /* HlHa -biHyH */

addl0(a,b) ;

printf ( "FEOEKEadd10 () Ztk: " )
printf ( "a = %2d, b = %2d\n", a, b ); /* FlHa biyE */

return 0; MO pk#add10 () ZHi: a = 3, b= 5
} 8 add10 T a =13, b = 15
MOl pR#add1lo () Zf8: a = 3, b= 5

void addlO (int a,int b)

a=a+ 10; /* EHEEMEMNLI0 1% @ &X[O4Ga */
b=Db + 10; /* FEHEOMENMNL0 1% @ &X[O4Eb *+

# addl0 &3V Y a% bidH
printf ( "pRE{ addlo ") BB 3 f258 7 5, bor ik

rintf "a = $2d, b = %$2d\n", a, b ); /* HlHa b S Aatis
P ( \ ) / Ileu:ll B,:”E ?c‘%%‘g lf'_%'_ % PE' o

© Copyright by Deitel



35

Passing Variables to Functions

PR R ARSI - PR S
PSS R i
1> R R PR B R R d SR — 1

EPHEGERZ o RS E A S 7 SR E A e O o
At DALl r@ ISZ00 (call-by-value) |

X in?'(vo:.d)

 funcd ,ar ) 4 ‘, R maing@B .
] - ol

»0022FF6C}

AAAAAAA

V‘Old func(lnt ai ) —>0022FF50 |

BE { T 1R func() 1SN
L a B34t

ko

R main() #2698 a
£d func() BHEE a
R EEVEE
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36

Passing Arrays to Functions

(B°& (FARAY 5 (B R Py A0 F ISR R AIRETR R
TEEHITHE > Flpt GRSk hn Z25E s Gk b
B R ey 0 @ A RS Ehp 3 B P s8k? o FRDADY
fie T {EHERE (call-by-reference) |

EElﬁ/\@iEEl/]xEé@ﬂE’ﬁﬁﬁﬁt R e g LA I oS 'R X Eda L M)
AR e B (35 ah) o Jﬁﬁum{lﬁiﬂmﬁqﬁﬁﬁ O
HEGE 1% - JR S T A I B 2 PRSI P 25 {H EL 48 A

o [EPIAMHar 2E—(BRS
_int main(void)

o o i A Ao

- ot e o - - e mm e o wm e o e e ae = as oam = e

I 0022FF50 13 (A[2],arr(2])
]
: 0022FF4C 8 (A[1],arr(1])
|

_ >0022FF48 20 (A[0],arr[0])
vold func(mnt axr[] y | 1~ cfpmmememmeme

uuuuuuuu

o T e

L

func() PT{EXEHVERES! A BYilE 0022FF48

e sy e g 0 arr T RO E SIS B11it
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Passing Arrays and Array Elements to Functions

Passing Arrays: To pass an array argument to a
function, specify the name of the array without any
brackets,

void myFunction( int b[], int arraySize )
e
int myArray|[ 24 ];
myFunction( myArray, 24 );

* Array size usually passed to function also
- 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.e., myArray[ 3 1]) to function
© Copyright by Deitel




Passing Arrays to Functions

* Function Prototype
void modifyArray( int b[], int arraySize ) ;
- Parameter names optional in prototype
* int b[] could be written int []
 int arraySize could be simply int

* i.e. can be written as
void modifyArray( int [], int );

© Copyright by Deitel
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Array Name = Address of the Array's First Element

/* Fig. 6.12: fig06_12.c
The name of an array is the same as &array[ 0 ] */

fig06_12.c

#include <stdio.h>

/* function main begins program execution */
int mainQ
{

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

© 00 N O 0o b~ WN B

R Yep SIS BRI e A |

=
o

printf( " array = %p\n&array[0] = %p\n" 1

[EY
[E

&array = %p\n",

=
N

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

e
B~ W

return 0; /* indicates successful termination */

e
o o

} /* end main */

0012FF78 “£:::::::::[ array -~ &array[0] Fl sarray =FHHVHIHE—1 ]
0012FF78

0012FF78

array
&array[0]
&array
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Passing Arrays and Individual Array Elements
to Functions

/* Fig. 6.13: fig06_13.c fig06_13.c (Part 1

Passing arrays and individual array elements to functions */ of 3)
#include <stdio.h>

#define SIZE 5
3 AT =

/* function prototypes */ void modifyArray( int [], int );
void modifyArray( int b[], int size ); void modifyElement( int );

void modifyElement( int e );

© 00 N O 0o A W DN P

10 /* function main begins program execution */
11 1int mainQ

12 {

13 int a[ s1ze ] = { 0, 1, 2, 3, 4 }; /* initialize a */
14 int i; /* counter */

15

16 printf( "Effects of passing entire array by reference:\n\nThe "
17 "values of the original array are:\n" );

18

19 /* output original array */

20 for (1 =0; i < SIZE; i++ ) {

21 printf( "%3d", a[ i ] );

22 } /* end for */

23

24 printf( "\n" );
25



26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

/* pass array a to modifyArray by refer

RS GG (R ) R A M R o |

modifyArray( a, SIZE );

printf( "The values of the modified array are:\xn— J;

/* output modified array */

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

printf( "%3d", a[ i ] );
} /* end for */

/* output value of a[ 3 ] */

printf( "\n\n\nEffects of passing array element

B R E Ay

fig06_13.c (Part 2 of
3)

"by value:\n\nThe value of a[3] is %d\n", a[ 3 1 );

/* output value of a[ 3 ] */

printf( "The value of a[ 3 ] is %d\n", a[ 31 );

return 0; /* indicates successful termination */

} /* end main */

© Copyright by Deitel

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

fEiEd o FIRAVEEY I —EIT= » IL
HRF Ry (B AE AL !




49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

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

void modifyArray( int b[], int size )

{
int j; /* counter */
RSB 2
/* multiply each array element by 2 */
for ( j =0; j <size; j++ ) {
bl j 1 *= 2;
} /* end for */
} /* end function modifyArray */

/* 1in function modifyElement, "e" is a local copy of array element
al[ 3 ] passed from main */

void modifyElement( int e )

{
/* multiply parameter by 2 */
printf( "value in modifyElement is %d\n", e *= 2 );
} /* end function modifyElement */ \Q:i:::f\\\\\\

42

fig06_13.c (Part 3 of
3)

| mmmwEmmwenns

© Copyright by Deitel



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] is 6

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

© Copyright by Deitel
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Type Qualifier - const

44

fig06_14.c (Part 1

© 00 N oo o B W N PP

A = e e L e
© © N o O M W N P O

of 2)

B SR EfEY I F const &
{E iz E » 3% SEEEfE M E S
% R B BT > BETHIARE
A THF A SR A !

/* Fig. 6.14: fig06_14.c
Demonstrating the const type qualifier with arrays */
#include <stdio.h>
void tryToModifyArray( const int b[] ); /* function prototype */
/* function main begins program execution */ K\\\\\\
int mainQ
{
int a[] = { 10, 20, 30 }; /* initialize a */
tryToModifyArray( a );
printf("%d %d %d\n", a[f 0 1, al 1 1, a[ 2 1 );
return 0; /* indicates successful termination */

E EREZUFI R - ARG

j /@l e Hi(arguments)2 7| HFEY {EARERF -

BAER R TR EIEEAYES - 12
2\ P SRR ME T S PR T - A
RE#R G EEANESIENSE - B
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20 /* din function tryToModifyArray, array b is const, so it cannot be 45

21 used to modify the original array a in main. */

22 void tryToModifyArray( const int b[] ) <

23 {

24 bL 01 /= 2; /* error */ fig06_14.c (Part 2 of
25 bl 11 /= 2; /* error ¥/ < 2)

26 bl 21 /= 2; /* error */

27 } /* end function tryToModifyArray */

Compiling... Program Output

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: 1-value specifies const object

FEARRE T > b EALE ERIRE B const int 1Y BRI T > {2
FERR U SGRIBIGE PN > R RE AR R |
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Sorting Arrays (FEFF)

* Sorting Data
- Important computing application
- Virtually every organization must sort some data

* Bubble Sort (# /¢ # & ;2 - Sinking Sort)

- Several passes through the array

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

- Repeat
* Example:

~ original: 3 6 7
~passl: (32467
- pass2: 23467
- Small elements “bubble to the top”

© Copyright by Deitel
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Sorting an Array with Bubble Sort

© 00 N OO 0o A W DN PP

10
11
12
13
14
15
16
17
18
19
20
21

/* Fig. 6.15: fig06_15.c fig06_15.c (Part 1
This program sorts an array's values into ascending order */ of 3)

#include <stdio.h>
#define SIZE 10

/* function main begins program execution */

int mainQ
{ TR AR |
/* initialize a */
int a[ s1ze ] = { 2, 6, 4, 8, 10, 12, 89, 68, 45, 37 };
int i; /* inner counter */

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

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

for (i =0; 1 < SIZE; i++ ) {
printf( "%4d", a[ i ] );
} /* end for */

/* output original array */ (

B FIENR AR }
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22
23
24
25
26
27
28
29
30
il
32
33
34
35
36
37
38
39
40
41
42

/* bubble sort */ 48
/* loop to control number of passes */

for ( pass = 1; pass < SIZE; pass++ ) {

/* loop to control number of comparisons per pass */ fig06_15.c (Part 2 of
for (i =0; i <SI1ZE - 1; i++ ) {

/* compare adjacent elements and swap them if

element is greater than second element */ al i ] A5 St e i R

if Calil>ali+11){ & ! S ek el
hold = a[ i 1; géﬁélzﬁf“iiﬁ'% 7
alil=ali+1]; O =
a[ i + 1 1 = hold; L O

} /* end if */

} /* end inner for */

} /* end outer for */

EfEE AL R A

H
{TRER 7

7))

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

© Copyright by Deitel




43
44
45
46
47
48
49
50
51

/* output sorted array */
for (1 =0; 1 < s1zE; i++ ) {

printfC "%4d", a[ i 1 ); <[
} /* end for */

R IEME Rk s |

printf( "\n" );

return 0; /* indicates successful termination */

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

© Copyright by Deitel

fig06_15.c (Part 3
of 3)

Program Output
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Case Study: Computing Mean, Median and
Mode Using Arrays

* Mean (Efig FI91H) - average
e Median ([&]8]) - number in middle of sorted

list
-1,2,3,4,5 = 3 is the median
-1,1,1,4,5,5,10 — 4 is the median
e Mode (5% HIH 2 {E) - number that occurs
most often

-1,1,1,2,3,3,4,5 = 1 is the mode

© Copyright by Deitel
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Computing Mean, Median and Mode Using Arrays

/* 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>

sdefine size 99 1 99 B/ L~ 9 B4R |

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

o1

fig06_16.c (Part 1 of

8)

void mode( int freq[], const int answer[] ) ;

void bubbleSort( int a[] );

void printArray( const int a[] ); M
median

/* function main begins program execution */ mode

int mainQ) bubbleSort

{ printArray

ZAE L g JFEY (prototype) o

el
i
RS
SR
SIENIES]

~

4

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

© Copyright by Deitel



19
20
21
22
23
24
25
26
27
28
29
30
31
52
33
34
35
36
37
38
39
40

/* initialize array response */
int response[ SIZE ] =

52

fig06_16.c (Part 2 of

O\

A 99 [EEES I 1 ~ 9 KIFIREEE }

{6,7,8,9,8,7,8,9, 8, 9, N
7, 8 9,5,9, 8,7, 8,7, 8,
6, 7, 8, 9, 3,9, 8, 7, 8, 7,
7, 8, 9, 8,9, 8,9, 7, 8,9,
6, 7, 8, 7, 8,7,9, 8,9, 2, <[
7, 8, 9, 8,9, 8,9, 7,5, 3,
5, 6, 7, 2, 5, 3, 9, 4, 6, 4,
7,8 9,6, 8,7,8,9, 7, 8,
7, 4, 4, 2,5,3,8,7,5, 6,
4,5,6,1,6,5,7,8,7%; _/

/¥* process responses */
mean( response );

43 FIEEIUEHE mean, median 2 mode HYpREL ]

median( response );
mode( frequency, response );

return 0; /* indicates successful termination */

} /* end main */

© Copyright by Deitel



41 /* calculate average of all response values */ 53

42 void mean( consfﬂjff—iﬂiygngﬂl,/

43 { L A B RS answer HYAN A &I - Al ] const (ZEfi }

44 int j; /* counter */

45 int total = 0; /* variable to hold sum of array elements */ fig06_16.c (Part 3 of

46 8)

47 printf( "%s\n%s\n¥%s\n", "#F¥EEEELLDn A Maegn", "EEEEEEERT ).

48

49 /* total response values */ ‘44;1::5 = L2 ] ]

50 for ( j =0; j < sS1zE; j++ ) {

51 total += answer[ j 1; ]

52 } /* end for */

53

54 printf( "The mean is the average value of the data\n"

515 "items. The mean is equal to the total of\n"

56 "all the data items divided by the number\n"

57 "of data items ( %d ). The mean value for\n"

58 "this run is: %d / %d = %.4f\n\n",

59 SI1ZE, total, sizeE, ( double ) total / SIZE );

60 } /* end function mean */

o1 s EEI(E - JEEILEE R (double) &L
%ﬂ%%ﬁ%@&%hﬁ/ﬁﬁ

———

FERRE T > i APRFIH AR/ N LA R TE 7
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62 /* sort array and determine median

63 void median( int answer[] )

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

{

KA e B R el e T T8 > PR DAEASEkE o > [ %] 54
answer (ARG H#HEF M > A0 H const {EEfiF

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

1] " 1] . " " "
Thuhhhki® y Med-lan y hhhhhi® ,

"The unsorted array of responses is" );

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

fig06_16.c (Part 4 of
8)

[

bubblesort( answer ); /* sort array */ <\\“\\\“‘\~L

printf( "\n\nThe sorted array 1is" );
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 1is %d\n\n",
SIZE / 2, SIZE, answer[ SIZE / 2 1 );
} /* end function median */

Note 99/2=49

© Copyright by Deitel
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83 /* determine most frequent response */
84 void mode( int freq[]l, const int answer[] )

<:£ i A E AT L %5

fig06_16.c (Part 5 of
8)

SR B 0 }

freq[l], freql2], . . .freql[9] ZA4Hl

9 HIRE ; HpaRIE T Al

85 {

86 int rating; /¥ counter */

87 int j; /* counter */

88 int h; /¥ counter */

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

90 int modevalue = 0; /* respesents most frequent response */

91

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

93 "********"’ " MOde", Mkhfdrdi" );

94

95 /* initialize frequencies to 0 */

96 for ( rating = 1; rating <= 9; rating++ ) {

97 freq[ rating ] = 0;

98 } /* end for */

99

100 /* summarize frequencies */ Eijﬂ%‘ %é fi'
101 | for ( § = 0; j < STZE; j++ ) { SHRHTEDD -
102 ++freq[ answer[ j 1 1;

103 | } /* end for */

104

© Copyright by Deitel



105
106
107

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

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

/* 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 ] > largest ) {
largest = freq[ rating 1;
modevalue = rating;

} /* end if */

/* output histogram bar representing frequency value *

for ( h=1; h <= freq[ rating 1; h++ ) {
printf( "*" );

} /* end inner for */

printf( "\n" ); /* being new 1ine of output */
} /* end outer for */

56

fig06_16.c (Part 6 of
8)

rating = 1 1] 9 fY2EIFE 5 fE 1L
AR FHCH R 2R
Z B DL R dg AR El

1) #X freq[1], freq[2], . . .freq[9]F AME

(2) 47HE histogram
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128 /* display the mode value */ 57
129 printf( "The mode is the most frequent value.\n"

130 "For this run the mode is %d which occurred"

131 " %d times.\n", modevalue, largest );

132} /* end function mode */

133 FEFIED R 5 2K HE S KL

134/* function that sorts an array with bubble sort alg

135void bubbleSort( int a[] )

1364 Bubble Sort 253 Ea fif g B (91 --4H
137 int pass; /* counter */ |—] ﬂ:t}:@ IEI%H% %W@%&
138 int j; /* counter */

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

fig06_16.c (Part 7
of 8)

140
141 /* loop to control number of passes */
142 for ( pass = 1; pass < SIZE; pass++ ) {

143

144 /* Tloop to control number of comparisons per pass */
145 for ( j =0; j <s1ze - 1; j++ ) {

146

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

149 hold = a[ j 1;

150 al jl1=alj+11;

151 al j + 1 1 = hold;

152 } /* end if */

153
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154 } /* end inner for */ 58
155

156 } /* end outer for */

157

158} /* end function bubblesort */ fig06_16.c (Part 8
159 of 8)

160/* output array contents (20 values per row) */

161void printArray( const int a[] )

162 {

163 int j; /* counter */

164 I 2 (B RS HERE S a FIED K © BT
165 /* output array contents */ §UED 20 {7—13% A

166 for ( j =0; j < S1ZE; j++ ) {

167

168 if (jJ %20 ==0) { /* begin new Tine every 20 values */

169 printf( "\n" );

170 } /¥ end if */

171

172 printf( "%2d", a[ 7 1 );

173 } /* end for */

174

17%} /* end function printArray */
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* %

The mean is the average value of the data
items. The mean is equal to the total of

al
of
th

* %

M
%%

Th

N 1o O O
S O N NN

Th
1

O 00 N Vv

TRfhhw

Mean
Tk dedkwk

1 the data items
data items ( 99
is run 1is: 681 /

FededefehR

edian
L X X XXX

e unsorted array
8 9

S N 00 00 @
N NN O O©
Ul U1 00 W 0o
w W NN O N
0 © O
N P 00N
Uvi O © 00 O
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U1 00 00 O
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divided by the number
). The mean value for
99 = 6.8788

of responses is

8

©O© 00 N N H
©O© 00 N N >
©O© 00 N N H
O 00 00 N v
O 0 0 N Vi
O 00 00 N Ui
O 00 00 N Ui
O 00 00 N Ui
O 00 00 N Ui

9

5

R & 0 0

9

S 00 © O

Ul NN OG0 OG0 O
N 00 O O N
00 O N N o
NN VU1 o0 N

00 W W ™

O 00 N v

Program Output
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The median is element 49 of
the sorted 99 element array.
For this run the median is 7

hkrkik%

Mode
R TRTR*®

Response Frequency

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

Histogram

%*

*h%*

REX

huikk

hudhdh®

hudhihdk

R R R R R R R R SRR R R R R R R R R R R

R R R R R R R R R R R R R R R R R R R Rk

RIE R R R R R R R R R R R R R R R

The mode is the most frequent value.
For this run the mode is 8 which occurred 27 times.
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Searching Arrays: Linear Search and Binary

Search
* Search an array for a key value
e Linear search ( 4@ {850k )
- Simple
— Compare each element of array with key value
— Useful for small and unsorted arrays
* Binary search ( /7 f¥=0%)
- For sorted arrays
— Compares middle element with key
* If equal, match found
* If key < middle, looks in first half of array

e If key > middle, looks in last half
* Repeat

- Very fast; at most n steps, where

2" > number of elements
* 30 element array takes at most 5 steps
- 2°>30s0 at most 5 steps
* 1,000,000,000 element array takes at most 30 steps (230=1,073,741,824)

* On the other hand, 1,000,000,000 element array searched by linear
search method takes in average 500,000,000 comparisons.

© Copyright by Deitel
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62
Linear Search of an Array

1 /* Fig. 6.18: fig06_18.c fig06_18.c (Part 1 of
2 Linear search of an array */ 3)

3 #include <stdio.h>

4 #define s1ze 100

5

6 |/* function prototype */

7 |int TinearSearch( const int array[], int key, int size );

8

9 /* function main begins program execution */

10 int mainQ

11 {

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

13 int x; /* counter */

14 int searchkey; /* value to locate in a */

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

16

17 /* create data */

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

o | arx1=2%x; %‘%—éﬂ—ﬁ{ﬁ%{0,2,4,6,...,198}8’9}
20 } /* end for */ E@ﬁ”

21

e e e el

24



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

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

/* display results */

63

00 linearSearch PRETEF L
searchKey

TTguo_13.C (Part 2 of
3)

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

FIENEER

return 0; /* indicates successful termination */

} /* end main */
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64

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

41 or until the end of array is reached; return subscript of element

42 if key or -1 if key is not found */ fig06_18.c (Part 3 of
43| int TinearSearch( const int array[], int key, int size ) 3)

44| {

45 int n; /* counter */

46

47 /* loop through array */ I ERT|[eRp S =y |
48 for ( n=0; n < size; ++n ) { B¢

49

50 if ( array[ n ] == key ) { o ()

51 return n; /* return location of key */ o

52 } /* end if */

53

54 } /* end for */

55

54 return -1; /* key not found */

57

59 } /* end function TlinearSearch */

Enter integer search key:
36
Found value in element 18

Enter integer search key:
37
value not found



Binary Search of a Sorted Array

/* Fig. 6.19: fig06_19.c

Binary search of an array */
#include <stdio.h>
#define size 15

65

fig06_19.c (Part 1 of 5)

© 00 N O 0o A WDN P

/* function prototypes */
int binarySearch( const int b[], int searchKey, int low, int high );
void printHeader( void );
void printRow( const int b[], int low, int mid, int high );

10

11 /* function main begins program execution */

12 int main(Q)

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

int a[ SIzE ]; /* create array a */

int 1i; /* counter */
int key; /* value to locate 1in array a */
int result; /* variable to hold locati ;
B4 (0, 2,4,6, ...,28 ) (OREEF]  EEA )

/* create data */

for (i =0; i < SIZE; i++ ) {
al i ]l =2 *%*1;

} /* end for */

printf( "Enter a number between 0 and 28:

scanf( "%d", &key );

PRSI e E R INHEFE
PP S g G, prs ) CE R R

WES e A bl

RNEHER i - Wik A oA
51 LR T e S P 6

IR o

>

")



27 printHeader(); 66
28

29 /* search for key in array a */ R binarys?arCh @%‘QEB%%J a

30 result = binarySearch( a, key, 0, SIZE - 1 ); ETX key Eﬂ%%i

31 fig06_19.c (Part 2
32 /* display results */ of 5)

33 if ( result != -1 ) {

34 printf( "\n%d found in array element %d\n", key, result );

35 } /* end if */
36 else {

37 printf( "\n%d not found\n", key );

38 } /* end else */

39

40 return 0; /* indicates successful termination */
41

42 } /* end main */

43

44 /* function to perform binary search of an array */
45 1int binarySearch( const int b[], int searchKey, int low, int high )

46 {
47 int middle; /* variable to hold middle element of array *
48 binarySearch FHEHAEEY] a F1=fk
searchKey fFH# ;
low ¢ high R[E%1] a F1 7 EdRT HY b
TR -
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49
50
51
52
53
54
95
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

/* Toop until low subscript is greater than high subscript */ 67
while ( Tow <= high ) {

/* determine middle element of subarray being searched */

middle = ( low + high ) / 2; fig06_19.c (Part 3 of
5)
/* display subarray used in this loop iteration */
printRow( b, Tow, middle, high ); Compares middle element with key
_ _ If equal, match found
/* if searchkKey matched middle element, return m If key < middle, looks in first half of array
if ( searchkey == b[ middle ] ) { If key > middle, looks in last half
return middle; Repeat

} /* end if */

/* if searchkey less than middle element, set new high */
else if ( searchkey < b[ middle ] ) {

high = middle - 1; /* search low end of array */
} /* end else if */

/* if searchkKey greater than middle element, set new low */
else {

Tow = middle + 1; /* search high end of array */
} /* end else */

} /* end while */
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75 return -1; /* searchkey not found */ 68
76
77 } /* end function binarySearch */
78
79 /* Print a header for the output */ fig06_19.c (Part 4
80 [void printHeader( void ) of 5)
81| {
82 int i; /* counter */
83
84 printf( "\nSubscripts:\n" );
. A space
86 /* output column head *
87 for (i =0; 1< SE26; i++ ) {
88 printf( "%3d ﬁTI?E;;
89 } /* end for */
90
91 printf( "\n" ); /* start new line of output */
92
93 /* output 1ine of - characters */
94 for (i =1; i <=4 * SIZE; i++ ) {
95 printf( "-" );
96 } /* end for */
97
98 printf( "\n" ); /* start new line of output */
99|} /* end function printHeader */
100 Subscripts:
0 1 2 3 4 10 11 12 13 14
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101/* Print one row of output showing the current
102

103
104

104
10]
104
104
11(
111

112

113
114

11%
116

11]
118
114
12(
12]

122

123
124

part of the array being processed. */

b

]

y

)

B

int i; /* counter */ 4 spaces

/* loop through entire array */ /////////

bvoid printRow( const int b[], int Tow, int mid, int high )

H
10%

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

tside current subarray range */

/* display spaces if
1S high ) {

if (1 < Tow ||
printf( "

} /* end if */

else if (i == mid ) { /* display middle element */
printf( "%3d*x, b[ i ] ); /* mark middle value */

} /* end else if

else { /* display other elements in subarray */

printf( "%3dw', bNi 1 );
} /* end else *;\\\\\\\

Note!

")

} /* end for */

printf( "\n" ); /* start new line of output */
1} /* end function printRow */

© Copyright by Deitel

fig06_19.c (Part 5
of 5)
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Enter a number between 0

Subscripts:
o 1 2 3
0 2 4 6

25 not found

Enter a number between 0

Subscripts:
o 1 2 3
0 2 4 6

and 28: 25

6 7 8 9 10 11

12 14* 16 18 20 22

12 13

24 26

16 18 20 22* 24 26

and 28: 8

12 14* 16 18 20 22

8 found in array element 4

© Copyright by Deitel

24 26*
24%

28

Program Output
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Enter a number between 0 and 28: 6

Subscripts:
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

0O 2 4 6 8 10 12 14* 16 18 20 22 24 26 28
0O 2 4 6* 8 10 12

6 found in array element 3

© Copyright by Deitel
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Multiple-Subscripted Arrays

* Multiple Subscripted Arrays
~ Tables with rows (¥1]) and columns (17)(m by n array)
- m¥infy
- Like matrices: specity row, then column
- In a double subscripted array, each row is basically a
single-subscripted array.

Column 0 Column | Column 2 Column 3

Rowo al 01001 alO0J[l 1] al o]l 21 al 01l 3]
Rowl a[ 110071 af[11[1]1 af1]J02]1 af[11[ 3]

Row? af 210071 al21[1]1 af2102]1 al21[3]

| L
Column index
Row index

Array name
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Multiple-Subscripted Arrays

* Initialization
—intb[ 2][2]1={{1,21}, {3, 41} };
— Initializers grouped by row in braces
- If not enough, unspecified elements set to zero

/3

intb[ 2 ][ 2] ={{11}, {3,411}
* Referencing Elements

- Specify row (%)), then column (1T)
printf( "$d", b[ 0 ][ 1] )

iz

£ 131

£275Y

F—RBAEX—ETE ' BETTESR int B
© Copyright by Deitel
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Initializing Multi-Dimensional Arrays

© 00 N o o b~ W N P

N NN NNNNNERRRRRERERRR PR P
N o oA WN P O O 00N O U NMN®WNR O

/* Fig. 6.21: fig06_21.c
Initializing multidimensional arrays */
#include <stdio.h>

void printArray( const int a[l][ 3 1 ); /* function prototype */

/* function main begins program execution */

int mainQ)

{

/* initialize arrayl, array2, array3 */

int arrayl[ 2 1[ 3 1 f {1, 2, 3%, {4, 5, 61} 1};
int array2[ 2 1[ 3 ] {1, 2, 3, 4, 5 };

int array3[ 2 1[ 3 1 { {1, 23}, {43 3%;

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

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

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

return 0; /* indicates successful termination */

} /* end main */

fig06_21.c (Part 1

of 2)

S NN O N O N
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28 /* function to output array with two rows and three columns */

75

29| void printArray( const int a[l[ 3 1 )

30| {

31 int i; /* counter ¥*/ ;%;EF‘fEDtF &@:Zﬁﬁ/{iﬂ/‘j%

32 int j; /* counter */ gﬁlg‘:‘?UTU\%mg _{ (EUH%E%)E@ _

33 25 |ME - (HEHAMAYERS HEVHE fig06_21.c (Part 2
34 /* loop through rows */ = of 2)

35 for (1 =0; 1 <=1; i++ ) {

36 o

37 /* output column values */ FUIEE 171 (row ) }

38 for ( j =0; j <=2; j++ ) {

39 printf( "%d ", a[l 1 1[ 7 1 ); —

40 } /* end inner for */ \L §UED [JEF, . j‘ (column) }
41

42 printf( "\n" ); /* start new line of output */

43 } /* end outer for */

44

45| } /* end function printArray */

values in arrayl by row are: Program Output
123

4 56

values in array2 by row are:

123 R B ER S ME 1] 28

450 N

values 1in array3 by row are: 1ﬁ ,J’@El’]?’?”ﬁdé\éﬁiﬁ%?

120

400
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76

Example of Double-Subscripted Array

/* Fig. 6.22: fig06_22.c fig06_22.c (Part 1 of
Double-subscripted array example */ 6)

#include <stdio.h>

tdefine SrupeaTe 1 [ =fred s mRES  EeER

#define ExaAmMS 4 \\ S B S T

/* function prototypes */
int minimum( const int grades[][ EXAMS ], int pupils, int tests );

© 00 N o 0o b~ W N B

int maximum( const int grades[][ EXAMS ], int pupils, int tests );
10| double average( const int setofGrades[], int tests );
11| void printArray( const int grades[][ EXAMS ], 1int pupils, int tests );

12

13 /* function main begins program execution */

14 int main() (77 68 86 73]
15 {

16 int student; /* counter */ 96 87 89 78
7 70 90 86 81
18 /* initialize student grades for three students (rows) */ - e
19 const int studentGrades[ STUDENTS ][ EXAMS ] = B Eﬁ]ﬁﬁ]é%%EﬁJfffﬁ%ﬁ

20 { {77, 68, 86, 73 }, Qiﬁ\\\m -

21 { 96, 87, 89, 78 I, R AE A LA T8

22 { 70, 90, 86, 81 } }; f%ﬁ[ﬁﬂé%iEﬁJfET%%ﬁ

23 - -
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

/* output array studentGrades */

printf( "The array is:\n" );
printArray( studentGrades, STUDENTS, EXAMS );

TATA B S e S
(B5ap &

/* determine smallest and largest grade values */

7

fig06_22.c (Part 2
of 6)

printf( "\n\nLowest grade: %d\nHighest grade: %d\n",
minimum( studentGrades, STUDENTS, EXAMS ),
maximum( studentGrades, STUDENTS, EXAMS ) );

ST BRI T 5 8

/* calculate average grade for each student */
for ( student = 0; student <= STUDENTS - 1; student++ ) {
printf( "The average grade for student %d is %.2f\n",
student, average( studentGrades[ student ], EXAMS ) );
} /* end for */

return 0; /* indicates successful termination */

} /* end main */

77 68 86 73]
9% 87 89 78
70 90 86 81

| [EI 22 57 8 |
ZIFIERH 73 8L

R

AL average pREGETHEAE R AR T 080T » A studentGrades| student | EE4E[ES]
#AU%E 5 In a double subscripted array, each row is basically treated as a single-subscripted array.

Inplis3
studentGrades| 0 ] FE/~{H A studentGrades [E5I[H1EE 0 518 0 {TRYHIHE R R E T
studentGrades| 1 | F~fH A studentGrades [E5I[HEE 1 5158 0 fTAYHIHE R R EL P
studentGrades| 2 | F/,R{H A studentGrades [EFI[HEE 2 FIEE 0 {TRYHIHE R R E T



Function minimum

43 /* Find the minimum grade */

44 int minimum( const int grades[][ EXAMS ], int pupils, int tests )
45 {

46 int 1i; /* counter */

47 int j; /* counter */

48 int TowGrade = 100; /* initialize to highest possible grade */
49

50 _ /* loop through rows of grades */

51 for (1 =0; 1 < pupils; i++ ) {

52

53 /* Toop through columns of grades */

54 for ( j = 0; j < tests; j++ ) {

55

56 if ( grades[ i J[ j 1 < lowGrade ) {
57 TowGrade = grades[ i ][ j 1;

58 } /* end if */

59

60 } /* end inner for */

61

62 } /* end outer for */

63

64 return lowGrade; /* return minimum grade */
65

66 } /* end function minimum */

67

© Copyright by Deitel
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Function maximum

68 /* Find the maximum grade */

69 1
70 {
71
72
73
74

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

nt maximum( const int grades[][ EXAMS ], 1int pupils, int tests ) )
fig06_22.c (Part 4
int i; /* counter */ of 6)
int j; /* counter */

int highGrade = 0; /* initialize to lowest possible grade */

/* loop through rows of grades */

for (1 =0; 1 < pupils; i++ ) {

/* loop through columns of grades */

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

if ( grades[ i 1[ j 1 > highGrade ) {
highGrade = grades[ i 1[ j 1;
} /¥ end if */

} /* end inner for */

} /* end outer for */

return highGrade; /* return maximum grade */

91 } /* end function maximum */

© Copyright by Deitel
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Function average %

92

93 /* Determine the average grade for a particular student */

94 double average( const int setofGrades[], int tests ) fi906_22_c (Part 5 of
95 { 6)
96 int i; /* counter */

97 int total = 0; /* sum of test grades */

98

99 /* total all grades for one student */

100 for (i =0; 1 < tests; i++ ) {

101 total += setofGrades[ i ];

102 | } /* end for */

103

104 return ( double ) total / tests; /* average */

105

106} /* end function average */
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Function printArray .

107
108 /* Print the array * )
/ . . y */ : : : : fig06_22.c (Part 6
109 void printArray( const int grades[][ EXAMS ], int pupils, int tests ) —
of 6)
110 {
111 int i; /* counter */
112 int j; /* counter */

113

114 /* output column heads */

115 printf( ” [01 [11 ([21 (31" );

116

117 /* output grades in tabular format */

118 for (i =0; 1 < pupils; i++ ) {

119

120 /* output Tabel for row */

121 printf( "\nstudentGrades[%d] ", i );

122 %-5d H77 E R TR 5 el i B R
123 /* out?ut graqes for one.student */ : jﬁﬁéﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁfﬁ v
124 for ( j = 0; j < tests; j++ ) {

125 printf( "%-5d", grades[ 1 1[ j 1 ); —

126 } /* end inner for */

127

128 } /* end outer for */

129

) ) The array is:
130} /* end function printArray */

(0] i3] 12} 53]
studentGrades[0] 77 68 86 73
studentGrades[l] 96 87 89 78
© Copyright by Deitel studentGrades[2] 70 90 86 81



The array is:

[0] [11 [2] [3]
studentGrades[0] 77 68 86 73
studentGrades[1] 96 87 89 78
studentGrades[2] 70 90 86 81

Lowest grade: 68
Highest grade: 96
The average grade for student 0 is 76.00
The average grade for student 1 is 87.50
The average grade for student 2 1is 81.75

© Copyright by Deitel
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e In
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Review

this chapter, you have learned:

The array data structure.
The use of arrays to store, sort and search lists and tables of
values.

* Bubble Sort, Exchanger Sort (in exercise)

* Linear Search, Binary Search

How to define an array, initialize an array and refer to
individual elements of an array.

* B (subscript, Z5[{H) 1¢ 0 fi45 !
e Character Arrays (Ftf&E%1) ;

— char stringl[] = "first";
- char stringl[] = { '£', 'i', 'r', 's', 't', '\0' };

To pass arrays to functions.
o (SRS ; Call-by-Reference |
The basic sorting and searching techniques.
To define and manipulate multiple subscript arrays.



