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Objectives

* In this chapter, you will learn:

- To introduce the array data structure.

- To understand the use of arrays to store, sort and search lists
and tables of values.

- To understand how to define an array, initialize an array
and refer to individual elements of an array.

- To be able to pass arrays to functions.
- To understand basic sorting techniques.

- To be able to define and manipulate multiple subscript
arrays.

© Copyright by Deitel

6.1 Introduction

* Arrays
- Structures of related data items
- Static entity - same size throughout program
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6.2 Arrays
* Array (f{i[)

- 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 element (7+ ),

need to specify o a5

- Array name ([fi¥]] £/7%) EE 2 1 g

- Position number (fF E'I',?”\r.}g"}:? v i fg,'%f’}?ﬁﬁ), EE i ; 152

or the subscript (j14& ~ ZJ[[i) ol & 1 s

* Format: o 6;’
arrayname| position number | e8] -3

- First element at position 0 (?ff}?"F §-0 F'ﬁjtzﬁ) Ct[lz 1 645;

- nelement array named c: c1] 78

e c[O],c[1]..c[n— 1]
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] );
- Perform operations in subscript. If x equals 3

c[5- 2] , ¢[3] and c[x] arethe same
If a=>5and b = 6, then the statement
cla+b]+=2;

adds 2 to array element c[ 11 ].
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6.2 Arrays

(1 O left to right highest

++ -- ! (eype) right to left unary

Ed / % left to right multiplicative
+ = left to right additive

< <= > >= left to right relational
== I= left to right equality

&& left to right logical AND
| left to right logical OR
?: right to left conditional
= += == = /= %= right to left assignment

, left to right comma

Fig. 6.2 | Operator precedence and associativity.

© Copyright by Deitel

6.3 Defining Arrays
* When defining arrays, specify

- Name

Type of array

Number of elements
arrayType arrayName[ numberOfElements ];

Examples:
int c[107];
float myArray[ 3284 |;
* Defining multiple arrays of same type
- Format similar to regular variables

- Example:
int b[ 100 ], X[ 27 ;
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6.4 Examples Using Arrays

* Initializers
int n[5]1={1,2,3,4,5};
- If not enough initializers, rightmost elements become 0

int N[5]1={0}; /*{0,0,0,0,0}*
int n[5]={1} /{1,0,0,0,0}*
- If too many, a syntax error is produced
int n[5]={1,2,3,4,5,6}; [*error!*/

- Carrays have no bounds checking

* If size omitted, initializers determine it
int n[]={1,2,3,4,5}
- 5initializers, therefore 5 element array
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Defining an Array and Using a Loop to Initialize o enen e 10
1 0
the Array's Elements - E
T /* Fig. 6.3: fig06.03.c fi 3 0
ig06_03.c
2 initializing an array */ gue_ ; g PrOgram OUtpUt
3 #include <stdio.h> 6 0
: ;e
5 /* function main begins program execution */ 9 0
6 int mai Afaress e ‘2 ;e
; 1" main® P it e kRt
8 int n[ 10 1; /* n is an array of 10 integers */
9 int 1; /* counter */
10 F @8 for (=01 <=10; 1++) LMH’ ?
11 /* initialize elements of array n to 0 */
=T
12 for (i =0; 1 <10; i++) { —
13 n[ i ] = 0; /* set element at location i to 0 */ =
14 } /* end for */
15
16 printf( "%s%13s\n", "Element", "value" ); F= “Element” == “Value” £, ﬂjl[ﬁu f[
17 prlntf F“ﬂ H %SF[J HE?L!’TU hos \.} ¥
18 /* output contents of array n in tabular format */ By 0A)13SF[{ 13%ﬁ _‘f[ 13 (i 2 L’j
19 for (i =0; 1 <10; i++ ) { “Walue” I FH
20 printf( "%7d%13d\n", i, n[ i ] );
21 } /* end for */
22
23 return 0; /* indicates successful termination */
24
25 } /* end main */ © Copyright by Deitel
11 12

i ey

i

T for (i=05;1<=10; i++) T‘A’WU\'

/* initialize elements of array n to 0 */.
for (i =0; (IS i++ ) {4

n[ i ] =0;
o

Caution:

uﬁf T ﬁs;ﬂ* ?f:rJI[EJH ~’]" (No array bounds checking in C!
‘*Ehjt [EIES rJI[]{ﬁd bl JW@EJT , .i“ﬁﬂ“erTF Lﬁij
oo :+fﬂﬁ*ﬁ U F}an‘fj fi vrlﬁﬂﬁlﬁﬁi‘ [ i

Eﬁa:;? p+ 7T (*JiMw;ﬂ\l- |
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fig06_03.exe
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e e e s . e ey . 13 14
Initializing an Array in a Definition with an Elenent value
Initializer List 1 27
2 64
T /* Fig. 6.4: fi1906_04.c 3 18 Program Output
2 Initializing an array with an initializer list */ 4 95
3 #include <stdio.h> fig06_04.c 5 14
4 6 90
5 /* function main begins program execution */ ; ;g
6 int mai (ARG = = MR s Felih SIveh s & S =k f
e maino E, E T IR R L 5 7 ko 5 37
8 /* use initializer list to initialize array n */
© int n[ 10 1 = { 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 (i =0; 1 <10; i++ ) {
16 printf( "%7d%13d\n", i, n[ i 1 );
17 } /* end for */
18
19 return 0; /* indicates successful termination */
20
21 } /* end main */
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i i i i i Element value
Specifying an Array's Size with a Symbolic Constant » 16
T . . 0 2
and Initializing Array Elements with Calculations 1 .
1 /* Fig. 6.5: Tig06.05.c fig06_05.c 2 g Program Output
2 Initialize the elements of array s to the even integers from 2 to 20 */ - 3 8
3 #include <stdio.h> 7 4 10
P #define SIZE 10 5 12
5 # ﬁ'J’I“F [ kR }‘ﬁfﬁ (preprocessor directive) 6 14
6 /* function main begins program execution */ ¥ ! 7 16
7 int mainO Define a symbolic constant ( fj‘%’f“ﬁj@() SIZE whose value is 8 18
5 { 10 9 20
9 47 SR EUISEIE GRS () (3 P D & Symbolic constant SIZE in the code is replaced by text 10
10 int s[ SIZE ]; /* array s has 10 elements % 3 4
o before compilation
11 int j; /* counter */
£2 Makes programs more scalable (5 4 {1 FE)IF%}Z?Z@T]”H@J\ |
13 for (j =0; j <S1ze; j++ ) { /* set the y > H%%SIZE E[fj[’@f\[”ﬁl)
14 sfijl=2+2%j PIJFF
jl=2+2*3; W A
15 | 3 /* end for */ ??F?U“ symbolic constant names fili*'| - g3
1 NI R RS EAUENE (R T s R TER =
17 printf( "%s%13s\n", "Element", "value" ); F FTJ Aj‘l'%ﬁu{’g F':” (—T F [ 84 T FFFJ )
18 #define SIZE = 10
19  /* output contents of array s in tabular fq #define SIZE 10;
20 for (j =0; j <s1zE; j+ ) {
21 printf( "%7d%13d\n", j, s[ j 1);
22 } /* end for */
23
24 return 0; /* indicates successful termination */
25

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

© ©® N O A W NP

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

/* Fig. 6.6: fig06_06.c

Compute the sum of the elements of the array */ fi906_06~c
#include <stdio.h>
#define s1ze 12
/* function main begins program execution */
int mainQ)
{
/* use initializer list to initialize array */
inta[ s1ze 1 = { 1, 3, 5, 4, 7, 2, 99, 16, 45, 67, 89, 45 };
int 1i; /* counter */
int total = 0; /* sum of array */ = T T m
PR R AT

/* sum contents of array a */

for (i =0; i < s1zE; i++ ) {
total += a[ i ];

} /* end for */

total = total +afil];

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
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Using Arrays to Summarize Survey Results

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

18

and summarize the results of the poll.

T /* Fig. 6.7: T1906.07.C iﬁWJFI"E]F"j[ﬁU’i‘HUf@ responses ¥

2 student poll program */ frequency FNI@ 7” A

3 #include <stdio.h> responses £ {E[ISF 2 BT Y5 BPERAE SYAVRD
4 #define RESPONSE_SIZE 40 /* define array sizes */ 3|l 5 frequency EIU ERETRIS 5T B TR B ERE RY
5 #define FREQUENCY_SIZE 11 F]':_, £

6

7 /* function main begins program execution */ E’EJZF kfrequen_(iy[ 1] i ’1} ‘ﬁﬁqt;; 1 FN

& int mainQ B S 3E) 10 E20
0 ¢ FM—J frequency  FOREIFIEEE 11 Ypr=ipE |
10 int answer; /* counter */ fequenCY[ 1]

11 int rating; /* counter */ frequenCY[z]

12 o

13 /* initialize frequency counters to 0 */ frequenCY[ 9]

14 int frequency[ FREQUENCY_SIZE ] = { 0 }; frequency[ 10 |

15 H B .i,_ﬁ?ﬁ_! frequency[0]

16 /* place survey responses in array responses */ > %IEIF' 2

17 int responses[ RESPONSE_SIzE ] ={ 1, 2, 6, 4, 8, 5, 9, 7, 8, 10,

18 i, 6, 3, 8, 6, 10, 3, 8, 2, 7, 6, 5, 7, 6, 8, 6, 7, 5, 6, 6,

19 By Gy 7p By Gy &y By Gy 8 10 38

20
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fig06_07.c (Part 1
of 2)

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

/* for each answer, select value of an element of array responses 19
and use that value as subscript in array frequency to
determine element to increment */

fig06_07.c (Part 2 of

for ( answer = 0; answer < RESPONSE_SIZE; answer++ ) { 2)
++frequency[ responses [ answer ] ];
} /* end for */

Ke tement:

/* display results */ Y, Sta Y
. . ++frequency| responses| answer ] |;

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

/* output frequencies in tabular format */

for ( rating = 1; rating < FREQUENCY_SIZE; rating++ ) {
printf( "%6d%17d\n", rating, frequency[ rating 1 );

} /* end for */

return 0; /* indicates successful termination */

38 } /* end main */

Rating Frequency .

1 2 Caution:

§ ; T ’fﬁﬁ FA[fiifiu -] (No array bounds checking in C!
i 2 ) »fwot | IR 4 .mjﬁﬂ ,ﬁ ‘5

6 i L BT U e iy

7 5 %nig Eﬁ T»FL“ EIL“

g I What if responses[23] = ?
10 3
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Graphing Array Element Values with Histograms

Reads numbers from an array and graphs the information in the

Element value Histogram
form of a bar chart or histogram 0 19 e
1 3 P
1 /* Fig. 6.8: fig06_08.c 2 15 FrrRAA ARk
3 7 PR

2 Histogram printing program */ 4 11 P

q p 5 9 PR
3 #include <stdio.h> 6 13 RO
& S G AU Hi= MR B2 g e
° BIEIHI 2 i *
6 /* function main begins program execution */ 3 b FhkEI*K
; 1nt main() n[3] EFIE:IET

o ) o R R -

9 /* use initializer 1ist to initialize array n
10 int n[ s1ze ] = { 19, 3, 15, 7, 11, 9, 13, 5, 17, 1 };
11 int i; /* outer counter */
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 (1 =0; i < s12E; i++ ) {
18 printf( "%7d%13d “,i,n[di 1)
19
20 for (j =1; j <=n[ i 1; j++ ) { /* print one bar */
21 printf( "%c", '*' );
22 } /* end inner for */
23
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24 printf( "\n" ); /* start next line of output */
21 . . . .. 22
25 3 /* end outer for */ Rolling a Die 6000 Times and Summarizing the
2 i ST ()
27 return 0; /* indicates successful termination */ Results n an Array (p J—‘I ‘F1 l FI jl J’\
28 . . . .
fig06 08.c (Part 2 23 /* determine face value and increment appropriate counter */ . . .
20 1 /% end main */ 0?2)— ( o Al s Recall that in Chapter 5 (Fig. 5.8):
25
Element value Histogram 26 case 1: /* rolled 1 */
(1) 12 Fedededkededhdhddhdhhhhdh Program Output 27 Hfrequencyl;
ekl <::]
2 15 dededededededdekdedehdhd 28 break;
3 7 Sededdekdd 29
4 11 dedekddkk kR Rk 30 case 2: /* rolled 2 */
5 9 Fkdkkhkhk 31 ++frequency2; <::
6 13 ddddkdkdhdkddhd 32 break;
7 5 R 33 R ey AT A
8 17 P T T T T T T - — /% rolled 3 %/ }@Fﬁ:'v&l : 3 § IE{%#fg?ﬁjf tJ
9 1 % . ++Frequency3; <:: = [ s h@( :
& Cleaky Six Variables:
37
38 case 4: /* rolled 4 */ frequencyl
39 ++frequency4; <::
40 break; frequency2
41
42 case 5: /* rolled 5 */ frequencyS
43 ++frequency5; <::
44 break; frequency4
45
46 case 6: /* rolled 6 */ frequency5
47 ++frequency6; <::
48 break; frequency6
49 } /* end switch */
© Copyright by Deitel © Copyright by Deitel
. . . .. 23 24
Rolling a Die 6000 Times and Summarizing the
Results inan Array
_ ] 2 23 printf( "%s%17s\n", "Face", "Frequency" ); fig06_09.c (Part 2
1 /* Fig. 6.9: fig06_09.c 2 case 1: /% ralled 1 #/ 24 of 2)_
2 Ro11 a six-sided die 6000 times */ 2 A=Al <::| 25  /* output frequency elements 1-6 in tabular format */
3 #include <stdio.h> ;2 (e 26 [ for ( face = 1; face < size; face++ ) {
4 #include <stdlib.h> - S o rolled 2 w7 27 printf( "%4d%17d\n", face, frequency[ face ] );
5 #include <time.h> £ NOTE: SIZE 7, N(;, Frequency?; <":| 1 28 } /* end for */
6 #define s1zE 7 = ek 29
7 &2 30 return 0; /* indicates successful termination */
3 case 3: /* rolled 3 =/
8 /* function main begins program execution */ 35 ++frequency3; <:| <
9 dint mainQ 36 break; 32 } /* end main */
37
i 38 case 4: 7« rolled 4 =/ Face Frequency
11 int face; /* random number ; +frequencys; <::| ;. lggg
12 int roll; /* roll counter ‘40 break; 3 987
13 int frequency[ s1ze ] = { 0 }; /* initializ 412' i \ 4 1033
case 5: /% rolled 5 */
14 fiys ++frequencys; <::| 5 1010
q ’ 6 990
15 srand( time( NULL ) ); /* seed random-numbe| 4 break;
16 45
. i fl s case 6: /% rolled 6 */
17 * roll die 6000 times */ a A <::| 1
18 for ( roll = 1; roll <= 6000; roll++ ) { 48 break;
19 face = rand() % 6 + 1; & b 4o Gl e 57
20 ++frequency[ face 1; /* replaces 26-1ingl [P " | ++frequency| face J;
21 } /* end for */ oo ok s . - fal
s VR - FIpY switch  #H= ﬁ[ﬁ;u

© Copyright by Deitel
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25
6.4 "7 [HI%] - Examples

» Character Arrays{ 7 [ifi%[])
- A ATRE (char )
e charc="A; /*A K Jﬁm;}( Bt [
J"ﬂl,(string)
. "Sweet Home", "ChE NCKU","first"
. Pifc'u G o B R R A A

O (S |4 , i/[ "ChE NCKU" -
— String“first” is really a static array of characters
— Character arraysi(7+ [ffi¥j|[)can be initialized using string literals
char stringl[] = "first";
 Null character' \0' terminates strings\Q"  Ji'i! ¥5 [ fah PN T9R)
« stringlactually has &lements
— Itis equivalent to
char stringl[l1={"'f", "i", 'r', 's', "t', '\0' };
— Can access individual characters
stringl[ 3] is character ‘s’
— Array name is address of arrzﬁ{' " &f]), so & is not needed for scanf
scanf("%s", string2);
* Reads characters until whitespace (such as tabdines, spaces) encountere(t/j=*]
scanf#i fH gﬁw LIRE D)
o K YN L3 -PEY [H (‘“J gets(string2); 15@‘3«/4 B
. gﬁq‘?‘y?l'ﬂf‘(lnﬂﬁw){ %s; =i AR R % !

« Can write beyond end of array, be careful

© Copyright by Deitel
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Using Character Arrays to Store and
Manipulate Strings
7% Fig. 6.10: fig06_10.c fig06_10.c (Part 1 of

Treating character arrays as strings */ 2)
#include <stdio.h>

int mainQ)
{

EVETE "string literal

1
2
3
4
5 /* function main begins program execution */
6
7
8
©

char stringl[ 20 ]1; /* reserves 20 characters */
char string2[] = "string literal"; /* reserves 15 characters */
10 int i; /* counter */
11

12 /* read string from user into array strini i/[lFﬂﬁ‘ "Hello there" stringl ﬁﬂpy]}gﬂ"ﬁ 2

13 printf("Enter a string: ");

14 scanf( "%s", stringl );

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

18 "stringl with spaces between characters is:\n",
19 stringl, string2 ); \
20

21 /* output characters until null character is reached */ H!?j 1’:’??? H E"(J 7‘“@ /[ F"H %S L ﬁt $
22 for (i =0; stringl[ i ] != "\0"; i++ ) { #1 73,3,? 4 7“5[ FI %¢C |

23 printf( "%c ", stringl[ i 1 );

24 } /* end for */

25

26

printf( "\n" );

27
27
28 return 0; /* indicates successful termination */
29
30 } /* end main */ fig06_10.c (Part 2
Enter a string: Hello there of 2)

stringl is: Hello
string2 is: string literal
stringl with spaces between characters is:

H

ello

© Copyright by Deitel
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Static Local Arrays and Automatic Local Arrays
1 /* Fig. 6.11: Tig06_11.c
e S e PRSI
F| static local array » automatic local arrays
. L
5 |void staticArrayInit( void ); /* function prototype */
6 |void automaticArrayInit( void ); /* function prototype */
7
8 /* function main begins program execution */
9 |int mainQ
10| {
11 printf( "First call to each function:\n" );
12 staticArrayInitQ;
13 automaticArrayInit(Q;
14
15 printf( "\n\nSecond call to each function:\n" );
16 staticArrayInit();
17 automaticArrayInitQ;
18
19 return 0; /* indicates successful termination */
20 fig06_11.c (Part 1 of
21|} /* end main */ 3)
22
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23 /* function to d trate a static local array */ 29 46 /* function to demonstrate an automatic local array */ 30
24| void staticArrayInit( void ) 47 | void automaticArrayInit( void )
25| { 48| {
26 /* initializes elements to 0 first time function is called */ 49 /* initializes elements each time function is called */
27 static int arrayl[ 3 I; fig06_11.c (Part 2 of 50| [intarray2[ 31=101,2, 3} fig06_11.c (Part 3
28 int i; /* counter */ 51| dint i; /* counter */ [ array 255 B | of 3)
2 FEE I R - (IR O 52
30 printf( "\nvalues on entering staticArra; ‘(“ UH?«EL array]—iE F%F“ I7J Pd”—’h‘ E W Fﬁ%ﬁ 53 printf( "\n\nvalues on entering automaticArrayInit:\n" );
31 Fl EUI%E o [FIEERHEF & ]34‘ g 2272 54
32 /* output contents of arrayl */ 55 /* output contents of array2 */
33 for (i =0; 1 <=2; i++) { 56 for (i=0;1<=2; i++) {
34 printf( "arrayl[ %d ] = %d ", i, arrayl[ i ] ); 57 printf("array2[ %d 1 =%d ", i, array2[ i ] );
35 } /* end for */ 58 } /* end for */
36 59
37 printf( "\nvalues on exiting staticArrayInit:\n" ); 60 printf( "\nvalues on exiting automaticArrayInit:\n" );
38 61 R bt
i o EPRE T PR TR R g )
39 /* modify and output contents of arrayl */ ujl’kfﬂﬁlzﬂjﬂ\lm 62 /* modify and output contents of array2 */ el ’Q""I@ iR ht e
40 for (i =0; 4 <=2; i++ ) { 63 for (i=0; 1< 2; i+ ) {
41 printf( "arrayl[ %d 1 = %d ", i, arrayl[ i ] += 5 ); 64 printf( "array2[ %d 1 =% ", i, array2[ i ] +=5 );
42 } /* end for */ 65 } /* end for */
43 66
44| } /* end function staticArrayInit */ 67|} /* end function automaticArrayInit */
45
© Copyright by Deitel © Copyright by Deitel
First call to each function: 81 . . . 32
: Call by Value - Passing Variables to Functions

values on entering staticArrayInit:
arrayl[ 0 ] = 0 ar‘ray:!.[ 1]-= 0 arrayl[ 2 ] =0 Program Output #include <stdio.h>
values on exiting staticArrayInit:
arrayl[ 0] =5 arrayl[ 1] =5 arrayl[ 2] =5 void add10(int,int); *add10()  pURE] ¥/
values on entering automaticArrayInit: i{nt main()
array2[ 0] =1 array2[ 1] =2 array2[ 2] =3 ; _ —c. * e p *
values on exiting automaticArrayInit: int a=3,b=5; ! TE‘ﬁf'm'hjmaﬂ(m’b !
array2[ 0] =6 array2[ 1] =7 array2[ 2] =8 printf (" PE'PLIquﬂ(?adle() :-"ﬁ']: "y

printf ("a=%2d, b = %2d\n", a, b); /* Hlia ~ bpyfli ¥/
second call to each function:

add10(a,b);
values on entering staticArrayInit: ) .
arrayl[ 0] =5 arrayl[ 1] =5 arrayl[ 2] =5 printf (" PElFxEFadd10() L"),
values on exiting staticArrayInit: printf (“"a=%2d, b =%2d\n", a, b); /* Hlta ~ bpufp
arrayl[ 0 ] = 10 arrayl[ 1 ] = 10 arrayl[ 2 ] = 10 -

return O; [=PLFyBfadd10() ,'_Vﬁv]: a=3,b=5
values on entering automaticArrayInit: } :F_[?fl‘ aggdodll(z)[(l) I_V§:a13, 2 :bl55

%:a= 3,b=

array2[ 0] =1 array2[ 1] =2 array2[ 2] =3 void add10(int a,int b) it !
values on exiting automaticArrayInit: {
array2[ 0] =6 array2[ 1] =7 array2[ 2] =38 a=a+10; I* ;{iﬁag{mﬁﬂ@‘l[lle/ﬁ; » SIS E

b=b+10; I* ﬂjﬁég?bﬁfl@‘lploj/ 3 %‘[fl"n b */

. add1l0 &3\ ¢ az bixa
printf (" 8 add10 (12 M) iy i 7N ¢ ab arik
: wa g 0 * Sridia s bEYfi
) printf ("a = %2d, b =%2d\n", a, b); / Fltha ~ bpyff AL E A oo
I
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6.5 Passing Arrays to Functions 6.5 Passing Arrays to Functions
* Passing Variables to Functions * Passing Arrays
- S (PR R *ﬁ[ggﬁf ST f‘}*@'y‘ﬁF B | - [E R d [ /IJ ’& i E“T@\/\JFS Sl ﬁ»n}*‘\ £
?EQJ—‘ [,xr”—-}lggﬂ ]@E}ﬁﬁ—lwﬂ F[J:tlrg‘qgél +LI1H| ) it [%j?’[gh(ﬂl 7 ngﬁhlj}drj\ ] ¢_u b{'g(A L’FJ EleAi Bl L—Fc‘fﬁ
S b =g I A iR R s A ) q-\ii%—%ﬁicmp\ USSR (Ui e
.Hﬁj:@@r s iR ph s o TR BT P VAR ' EHR2 L (call-by-reference)
T rﬁda‘a@ Bl L] it T {E [fip=pL (call-by-value) , TR o . ) -
- [ ERULL '/l wﬁf F g WWI'EWJB 51
PFITERR A pIIn) - IR S il
"int main(void) B Flﬁ‘ AN ITNEY, [/ﬁﬁ‘l SN F“]ﬁ"“l"“fﬁly 0
R .
func (g“'?"‘g); g{ﬁ"}i“mﬁﬁg ’ int main(void) RS A R ar 25— (@R
} ’ 0022FF6C 13 b R ANAAMANN
func(iAd; - T .
————>0022FF50 13 e TS | 0022FFs0[ 13 (ar21,arr(2])
& func } : 100 8 A(l],arr :
Eﬁaﬂf?ﬁn(t) EEE o] ' aossrrsa |3 o1, aeeio)) ;
T a0 a1 ot domin =l I vl o i
R main() 26V a WA M
£ func() 208 H a2
TEEEH func() FIEECOREES A G 0022FF48 -
15 are BT KOO E RIBBHTHE
© Copyright by Deitel © Copyright by Deitel
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6.5 Passing Arrays to Functions

* Passing Variables to Functions
- Call-by-value
e DPassing Arrays
- To pass an array argument to a function, specify the name of the
array without any brackets,
. int myArray[ 24 ];

= %E?QH' : myFunction( myArray, 24 );
B L AR

void myFunction(int b[], int arraySize )

* 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
e Passing Array Elements
- Passed by call-by-value

- Pass subscripted name (i.e., myArray[ 3] ) to function
© Copyright by Deitel

6.5 Passing Arrays to Functions

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

* i.e. can be written as
void modifyArray( int [], int );
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37 38
Array name is the Same as the Address of the Passing Arrays and Individual Array Elements
! : 1
Array's First Element to Functions
__ . 1 /* Fig. 6.13: fig06_13.c fig06_13.c (Part 1
1 /* Fig. 6.12: fig06_12.c fig06_12.c 2 Passing arrays and individual array elements to functions */ of 3)
2 The name of an array is the same as &array[ 0 ] */ - 3 #include <stdio.h>
3 #include <stdio.h> 4 #define SIZE 5
4 PR T B S
5 Lo B
5 /* function main begins program execution */ & /* function prototypes */ vo?d mod?fyArray( int_[], int );
6 int mainQ 7| void modifyArray( int b[], int size ); void modifyElement(int );
7 A 8| void modifyElement( int e );
8 char array[ 5 ]; /* define an array of size 5 */ 9
9 . B %p’]ﬂlifjﬁagmlrﬁjyiu—"ir%'ELPEE‘J?%]} 10 /* function main begins program execution */
10 printf( " array = %p\n&array[0] = %p\n" 11 +int mainQ
11 " &array = %p\n", 124
12 array, &array[ 0 ], &array ); 13 int a[ s1zE 1 ={ 0, 1, 2, 3, 4 }; /* initialize a */
13 14 int i; /* counter */
14 return 0; /* indicates successful termination */ 15
15 16 printf( "Effects of passing entire array by reference:\n\nThe "
16 } /* end main */ 17 "values of the original array are:\n" );
18
array = 0012FF78 array -~ &array[0] A &array = HpURIH-- B 19 /* output original array */
&array[0] = 0012FF78 20 for (i =0; i < SIZE; i++ ) {
&array = 0012FF78 21 printf( "%3d", a[ i 1 );
22 } /* end for */
23
24 printf( "\n" );
© Copyright by Deitel 25
26 /* pass array a to modifyArray by refer 39 49 /* in function modifyArray, "b" points to the original array "a" 40
5 | 3 =y Y 7 TR 5 .
27 modifyArray( a, SIZE ); }'Jr*ﬂlﬁj I EPEEVE FRLEHE A l’\-‘f‘uﬁ'[gﬂrl[ 50 in memory */
7 ] T o o - 3 .
28 g lkeﬁﬁ £ (AL 51| void modifyArray( int b[], int size )
29 printf( "The values of the modified array arer\n™ J; 52 {
30 fig06_13.c (Part 2 of 53|  dint j; /* counter */ fig06_13.c (Part 3 of
31 /* output modified array */ 3) 54 Em@f‘ﬁ“{*’/ﬂﬁfjmﬁ 3)
32 for (i =0; i < SIZE; i++ ) { 55 /* multiply each array element by 2 */
33 printf( "%3d", a[ i 1); 56 for (j =05 j <sizej j++ ) {
34 } /* end for */ 57 bl j 1 *= 2;
35 58 } /* end for */
36 /* output value of a[ 3 ] */ 59
37 printf( "\n\n\nEffects of passing array element " 60| } /* end function modifyArray */
38 "by value:\n\nThe value of a[3] is %d\n", a[ 3 ] ); 61
39 62 /* in function modifyElement, "e" is a local copy of array element
40 modifyElement( a[ 3 ] ); |/* pass array element a[ 3 ] by value */ 63 a[ 3 ] passed from main */
41 64| void modifyElement( int e )
42 /* output value of a[ 3 ] */ 65| {
43 printf( "The value of a[ 3 ] is %d\n", a[ 3] ); 66 /* multiply parameter by 2 */
44 TEag @ﬁﬁlﬁﬁ[ﬁﬁ]ﬁ[ﬁ[[%# ﬂiﬁ'fhi s 67 printf( "value in modifyElement is %d\n", e *= 2 );
45 return 0; /* indicates successful termination */ EfL @[{IPL] | 68| } /* end function modifyElement */
46
47 } /* end main */ iﬂﬁ@?{g?ﬁ&ﬁﬁ@ﬂreﬁﬁmﬁ’ j
48
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eEffects of passing entire array by reference:

The values of the original array are:
01 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

41

Program Output

42

Type Qualifier - const

fig06_14.c (Part 1

1 /* Fig. 6.14: fig06_14.c of 2)

2 Demonstrating the const type qualifier with arrays */

3 #include <stdio.h>

4

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

6

7 /* function main begins program execution */ \

8 int mainQ)

0 1 i £ YU 7] const i
10 int a[] = { 10, 20, 30 }; /* initialize a */ I[ﬁ['géﬂi?ﬁjl& 5 j}}%@m&l}ﬁ]’]”mff I'f’[
1 gt R
12 tryToModifyArray( a ); !Ji;fz]rk‘ T 5@;7\ ?L['Elg[‘;—!

13 T

14 printf("%d %d %d\n", a[ 0 1, a[ 11, a[ 2 ] );

15

16 return 0; /* indicates successful termination */

17 i R P AL U T |

18 } /* end main */

(arguments)RLF([™ [ FER - | !

" e =" IR sy, - = 7

2 R g O - gy
BB R O 9 SR
P I S D91 -
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20 /* 1in function tryToModifyArray, array b is const, so it cannot be
21 used to modify the original array a in main. */

22 void tryToModifyArray( const int b[] )
23 {

24 b[L 0] /= 2;
25 b[ 11 /= 2; /* error */

26 b[L 2] /= 2; /* error */

27 } /* end function tryToModifyArray */

/* error */

Compiling...
FIG06_14.C
fig06_14.c(24)
fig06_14.c(25)
fig06_14.c(26)

: error C2166: 1-value specifies const object
: error C2166: 1-value specifies const object +—]
: error C2166: 1-value specifies const object

43

fig06_14.c (Part 2 of
2)

Program Output

Al b= A
A [l/ﬁ%ia‘ﬁ;glahwa by

2% const intfYy

il (e - o
UL P

Wepil |
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6.6 Sorting Arrays ()

* Sorting Data
- Important computing application
- Virtually every organization must sort some data
* Bubble Sort (# /¢ # & i* ~ Sinking Sort)
- Several passes through the array
- Successive pairs (3 TV fif) of elements are compared
* If increasing order (or identical ), no change
* If decreasing order, elements exchanged
- Repeat
* Example:
original: 36 7
pass 1: 467
23467
Small elements "bubble" to the top

pass 2:
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45 22 /* bubble sort */ 46
. X 23 /* loop to control number of passes */
Sortlng an Array Wlth Bubble Sort 24 for ( pass = 1; pass < SIZE; pass++ ) {
25
1 /* Fig. 6.15: fig06_15.c fig06_15.c (Part 1 26 /* loop to control number of comparisons per pass */ fig06_15.c (Part 2 of
2 This program sorts an array's values into ascending order */ of 3) 27 for (1 =0; i < SIZE - 1; i++ ) {
3 #include <stdio.h> 28
4 #define SIZE 10 29 /* compare adjacent elements and swap them if i:'l_ﬁ\'F'i )
e . . . i 30 element is greater than second element * a[ l ] = a[ it 1_]:
6 /* function main begins program execution */ 31 ifCalil>ali+11)( a[i+1l]=alil;
7 dint mainQ) = 4oalg e e e A
e 5 e e ; 32 hold = a[ i 1; 18 & [ o
5 A1 4 BT ) 2 ” T f
9 /* initialize a */ 34 al i + 1 1 = hold;
10 int a[ s1ze ] = { 2, 6, 4, 8, 10, 12, 89, 68, 45, 37 }; 5 1 /% end iF %/ ’
11 int 1; /* dinner counter */ %
12 int pass; /* outer counter */ 37 } /* end inner for */
13 int hold; /* temporary location used to swap array elements */ -
14
15 printf( "Data items in original order\n" ); % L FJ\:TFJ\:TE—ﬁﬂi;E?QHsjiﬁﬁ
16 oo L , ) ¥k 2
- /5 aris CAmhEl ey O 41 printf( "\nData items in ascending order\n" );
. . . 42 R
18 for (i =0; i < SIZE; i++ ) { f e 77”HJ;—F;U;[,K$7” —
1 Cee vt ar 4T s F fl =
printf( "%4d", a[ i 1);
20 } /* end for */
21
© Copyright by Deitel © Copyright by Deitel
43 /* output sorted array */ 47 48
44 for (i =0; i < SI1ZE; i++ ) { 67 C . .
ePC e A a1y e =7 . ase Study: Computing Mean, Median
|3 on ey A e y pUting ’
46 * end for * 1
47 fig06. 15.c (Part 3 and Mode Using Arrays
48 printf( "\n" ); of 3)
49 i ey N e
[ ] iy —_
50 return 0; /* indicates successful termination */ Mean (ET(’T i_‘j]@) average
51 . 1E r . .
[ ] -
s Program Output Median ([ 1ft15¢) - number in middle of sorted
2 6 4 8 10 12 89 68 45 37 118’[
Data items in ascending order
2 4 6 810 12 37 45 68 89 -1,2,3,4,5 = 3 is the median
4 4 7 4
-1,1,1,4,5,5,10 = 4 is the median
7 T
* Mode - number that occurs most often (F [F1 IJH l
— 7-
i)
-1,1,1,23,3,4,5
- 1 is the mode
© Copyright by Deitel © Copyright by Deitel




49 19 /* initialize array response */ 50
Computing Mean, Median and Mode Using Arrays e e e T a0 s e
22 7, 8 9, 5,9, 8,7, 8,78,
1 /* Fig. 6.16: fig06_16.c 23 6,7,8,9,3,9, 8,7, 8, 7, fig06_16.c (Part 2 of
2 This program introduces the topic of survey data analysis. 24 7,8 9,8,9,8,9, 7, 8,9, o)
3 It computes the mean, median, and mode of the data */ i 25 6, 7, 8, 7, 8, 7,9, 8, 9, 2, ggg ﬂ#gﬁ@ i1 ~ QE[fJJ_F;lﬂF‘Ié@
4 #include <stdio.h> ﬁ ; |906_16.C (Part 1of 26 7,8,9,8,9,8,9,7,5, 3,
5 #define size 99 71 99 [WETH £ 1 ~ OFIRUR 8) - e e e e
6 28 7,8,9,6,8,7,8,9, 7,8,
7 /* function prototypes */ 29 7, 4, 4, 2, 5,3,8,7,5, 6,
8 void mean( const int answer[] ); 30 4,5,6,1, 6,5, 7, 8,7%; _/
9 void median( int answer[] ); 31
10 void mode( int freq[], const int answer[] ) ; ﬁ[’ﬁé‘ﬁ[??ﬂ/?@] (prototype)- 32 /* process responses */
11 void bubblesort( int a[l ); 0 2 {_3@ 33 mean( response ); 53 BIIP= PUFL BT mean, median » mode ﬁ‘lf}‘@?‘
12 void printArray( const int a[] ); g o 3 34 median( response );
@ median FlHfHIEe 35 modeC fre .
quency, response );
14 /* function main begins program execution */ mode E” 9/5? 36
15 int mainQ) bubbleSort T2 37 return 0; /* indicates successful termination */
16 { rintArray gillEt | 38
17 int frequency[ 10 ] = { 0 }; /* initialize array frequency */ 39 } /* end main */
18 40
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41 /*'ca’lcu'late aver?ge of all response values */ l 51 62 /*-sort a-xrray.and determine median ﬂ E'Jif}‘@ﬂ?lﬁjHi’&H'F'EﬂE'T’ ﬁ)ﬂ\}&qﬁ‘ﬁlgﬁ[l 0 Fﬁ'r/ﬂ 52
42 void mean( const int answer ; T = 7 ; ) 63 void median( int answer[] ) answelfl*J(Ij]'gk‘ﬁ@##ﬁ"ﬁljﬁl5"5“ b TFJ E‘J const I'gﬁfﬁJ
43 { F e answerivrt| Fﬁj\gdﬁ@  fiei ] constigfit 64 { i it
44 int j; /* counter */ 65 printf( "\n%s\n%s\n%s\n%s",
45 int total = 0; /* variable to hold sum of array elements */ fig06_16.c (Part 3 of 66 MEEEEEEEE" N Madian', MEwmEwmean fig06_16.c (Part 4 of
46 8) 67 "The unsorted array of responses is" ); 8)
47 printf( "%s\n%s\n¥%s\n", "EEEEErEEN N Magn", "EkEkEkaED 5. 68
48 69 printArray( answer ); /* output unsorted array */
49 /* total response values */ ‘f‘f‘ u‘f‘"ﬂ' 70
50 for ( j =0; j < s1zE; j++ ) { 71 bubblesort( answer ); /* sort array */ J balksy bubbleSorﬁ[gj'ﬁéE—Ti j
51 total += answer[ j 1; 72
52 } /* end for */ 73 printf( "\n\nThe sorted array is" );
53 74 printArray( answer ); /* output sorted array */
54 printf( "The mean is the average value of the data\n" 75
55 "items. The mean is equal to the total of\n" 76 /* display median element */
56 "all the data items divided by the number\n" 77 printf( "\n\nThe median is element %d of\n"
57 "of data items ( %d ). The mean value for\n" 78 "the sorted %d element array.\n"
58 "this run is: %d / %d = %.4f\n\n", 79 "For this run the median is %d\n\n",
59 SIZE, total, SIzeE, ( double ) total / SIZE ); 80 SIZE / 2, SIZE, answer[ SIZE / 2 ] );
60 } /* end function mean */ 81 } /* end function median */
61 82

FEEI B4 > 3= Ayt P (double)f!
PRI FBSEAY fF R Y R

—
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83 /* determine most frequent response */

& B AT U VR LA T 1 T 53
84 void mode( int freq[], const int answer[] ) { ﬁﬁﬁ'jél ':FLIE‘J@B JF}’IEV j

85 {

86 int rating; /* counter */

87 int j; /* counter */ fig06_16.c (Part 5 of
88 int h; /* counter */ 8)

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", Wkkdekdhkdhk" );

94 S : TR ETEETE

95 /* initialize frequencies to 0 */ -‘}HE‘{'Q\T%EMI:O

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

97 freq[ rating 1 = 0;

Zz 3/ end for/ freq[d], freq[2], . . .freq[9] £

MO 1,2,...9
L3 e RTE -

it s ]

100 /* summarize frequencies */
101 | for ( j =05 j < SIZE; j++ ) {

102 ++freq[ answer[ j 1 1;
103 | } /* end for */
104
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105
106
107
108
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%54s\n%54s\n\n" ,
“Response", "Frequency", "Histogram",
"1 1 2 2", "5 0 5 0 5" );

/* output results */

54

fig06_16.c (Part 6 of

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 ];
modevalue = rating;

} /* end if */

/* output histogram bar representing frequency value */

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

} /* end inner for */

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

Il 9 fasmst ; v b
IR S 20 e
ATERR e b

5 freq[1], freq[2], . . .freq[9)" &
Al 55 histograme
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128 /* display the mode value */ 55
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 */

o FIGIHL e 2w v
134/* function that sorts an array with bubble sort alg

135void bubblesort( int a[] )
136 Bubble Sorifi ;5 == i 9y
T e passi /7 counter 7/ AL ] LR A F B
138 int j; /* counter */
139 int hold; /* temporary location used to swap elements */
140

141 /* loop to control number of passes */

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

fig06_16.c (Part 7
of 8)

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 aljl=alj+11;

151 al[ j + 11 = hold;

152 } /* end if */

153
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154
155
156
157
158
159
160

} /* end inner for */

} /* end outer for */

} /* end function bubbleSort */

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

56

fig06_16.c (Part 8
of 8)

16
16
16.
16:
16!
161
16
16
16
17
17
17.
17.
17.
17!

void printArray( const int a[] )
{

int j; /* counter */

/* output array contents */
for ( j =0; j < s1zE; j++ ) {

if ( j % 20 ==0) { /* begin new 1line every 20 values */

printf( "\n" );
} /* end if */

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

} /* end function printArray */

EEERL ] a
5 5] 20 i
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ki ok 57 The median is element 49 of 58
Mean the sorted 99 element array.
MRARALAL] For this run the median is 7
The mean is the ?.verage value of the data Program Output Program Output
items. The mean is equal to the total of (continued)
all the data items divided by the number AR ERERD
of data items ( 99 ). The mean value for Mode
this run is: 681 / 99 = 6.8788 ST
Response Frequency Histogram

fkkkkhhk 1 1 2 2

Median 5 (1] 5 0 5
B 111
The unsorted array of responses is 1 1 @

67898789897895987878 2 3 0

67893987877898989789 3 4 R

67878798927898989753 4 5 THEo

567253946478968789738 5 8 RS

7442538756456165787 6 9 R

7 23

The sorted array is 8 27 Fededededkhhhkdddh Rk kR dhdhkikik
12223333444445555555 9 19 RS R S

56666666667777777777 The mode is the most frequent value.

777777777777788888838 For this run the mode is 8 which occurred 27 times.

88888888888888888888

9999999999999999999
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59 60

6.8 Searching Arrays: Linear Search and
Binary Search

* Search an array for a key value
* Linear search (784 %: 25604 )
- Simple
- Compare each element of array with key value
- Useful for small and unsorted arrays
* Binary search ( = 5 fg=aiE )
- For sorted arrays

- Compares middle element with key
¢ If equal, match found
e 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
- 25>30 so 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

Linear Search of an Array

T /* Fig. 6.18: fig06_18.c figo6_18.c (Part 1 of
2 Linear search of an array */ 3)

3 #include <stdio.h>

4 #define SIzE 100

5

6 |/* function prototype */

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

8

9 /* function main begins program execution */

10 1int 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++ ) {

19 al x 1 =2 * x; Bl - Pl % {0,2,4,6, ...,198}
20 } /* end for */ F'L*'@?}“

21

22 printf( "Enter integer search key:\n" ); L SRR

23 scanf( "%d", &searchkey ); é[ I%ﬂ%ﬁ [[ﬂiwfg%lﬂ Jg‘ﬂj
24




61 62
i § BN
QPH linearSearch r}'la\’?ﬁj’#/ 40 /* compare key to every element of array until the location is found
25 /* attempt to locate searchKey in array a */ SearChKey 41 or until the end of array is reached; return subscript of element
26 element = linearsearch( a, searchkey, SIZE ); .c (Part 2 of 42 if key or -1 if key is not found */ fig06_18.c (Part 3 of
27 3) 43| int TinearSearch( const int array[], int key, int size )
28 /* display results */ “ 1
29 if ( element != -1) { 45 int n; /* counter */
30 printf( "Found value in element %d\n", element ); 46
31 } /* end if */ a7 /* loop through array */
32 else { 48 for ( n=0; n<size; ++n ) {
A . "y, ZEH S
88 printf( "value not found\n" ); /“ Jm:ﬁ%‘\l =
34 } /* end else */ .
a5 50 if Carray[ n ] == key ) {
36 return 0; /* indicates successful termination */ = neturniin; [/ =Areturnilocationfofikey =/ =
37 52 } /* end if */
38 } /* end main */ 53
39 54 } /* end for */
5§
56 return -1; /* key not found */
57
58 } /* end function linearSearch */
Enter integer search key:
36
Found value in element 18
Enter integer search key:
37
© Copyright by Deitel value not found
B. S h f S d A 63 27 printHeader(); 64
28
inary Search of a Sorted Array e _ ) jﬂ | binarySearch [t i) a
- — 51 T R
1 /* Fig. 6.19: fig06_19.c 30 result = binarysearch( a, key, 0, SIZE - 1 ); H[%{ﬁ key 'i|] Mf:
i * . n
2 inary search of an array */ fig06_19.c (Part 1 of 5) 3 fig06_19.c (Part 2
3 #1nc'!ude <stdio.h> 32 /* display results */ of 5)
4  #define SI1zE 15 33 if ( result != -1 ) {
J 34 printf( "\n%d found in array element %d\n", key, result );
* i *
6 |/* function prototypes */ 35 } /* end if */
7 |int binarysearch( const int b[], int searchkey, int low, int high ); 36 else {
& V°1_d pr'}ntHeader( vou-i )i X X i i . 37 printf( "\n%d not found\n", key );
9 |void printRow( const int b[], int Tow, int mid, int high ); 38 } /* end else */
10 o
L e G MES (PR EEanE 40 return 0; /* indicates successful termination */
12 dint main(Q)
41
13 { 42 } /* end main */
14 int a[ S1zE ]; /* create array a */ 43
15 int i; /* counter */ 44 /* function to perform binary search of an array */
i . £ i *
16 int key; /* value to locate in array a */ 45 1int binarysearch( const int b[], int searchkey, int low, int high )
17 int result; /* variable to hold location of key or -1 */ 6 {
1 e o 9 4 o8 VAL 47 int middle; /* variable to hold middle element of array */ binarySearch r}’@\/"ﬁ- Bl a flizify
19 | /* create data */ & A2{0,2,4,6, ..., 28} ] 4 hKey 7 [Ek 5 95 low &
0 . . 1| Bse £ RN o cRER T A R (ol 8 searchKey it > I low
20 for (i =0; 1 < S1ZE; i++ ) { 4 [/I = [ fol =709 high tr,;l-;ﬁl\zjua HILLF"‘ Eli, e B[‘L"
R = : T 3 b ne 2] B Ay B
21 al i1 =2*i; GRS o SRR D AR R
22 } /* end for */ e [ﬂﬂu ; I”E'J: 77? ?‘}?Ezﬁl'% ¥E§KH’7[J$§TLEJE
2 HIf s RERL T P -
24 printf( "Enter a number between O and 28: " );
25 scanf( "%d", &key );
26 © Copyright by Deitel




49 /* loop until low subscript is greater than high subscript */ 65 75 return -1; /* searchkey not found */ 66
50 while ( Tow <= high ) { 76
51 77 } /* end function binarySearch */
52 /* determine middle element of subarray being searched */ 78
53 middle = ( Tow + high ) / 2; fig06_19.c (Part 3 of 79 /* Print a header for the output */ fig06_19.c (Part 4
54 5) 80[void printHeader( void ) of 5)
55 /* display subarray used in this loop iteration */ 81| {
56 printRow( b, low, middle, high ); Compares middle element with key 82 int i; /* counter */
> . . If equal, match found & . . ) .
58 /* if searchkey matched middle element, return m If key < middle, looks in first half of array 84 printf( "\nsubscripts:\n" );
59 if ( searchkey = b[ middle 1) { If key > middle, looks in last half 85
60 return middle; Repeat 86 /* output column head */
61 } /* end if */ 87 for (i =0; i < s1zE; i+ ) {
62 88 printf( "%3d ", i );
63 /* if searchkey less than middle element, set new high */ 89 } /* end for */
64 else if ( searchkey < b[ middle ] ) { 90
65 high = middle - 1; /* search low end of array */ 91 printf( "\n" ); /* start new Tine of output */
66 } /* end else if */ 92
67 93 /* output Tine of - characters */
68 /* if searchkey greater than middle element, set new low */ 94 for (i=1; 1 <=4 *s1zE; i+ ) {
69 else { 95 printf( "-" );
70 Jow = middle + 1; /* search high end of array */ 96 } /* end for */
71 } /* end else */ 97
72 98 printf( "\n" ); /* start new line of output */
73 } /* end while */ 99|} /* end function printHeader */
“ 10 Subscripts:
012 3%4.:5:6 78 :9 101112 13 14
© Copyright by Deitel © Copyright by Del |5 S aian e e T n T A o o DR T T o A pe AT 2 el el S b e i e eatsnte
101/* Print one row of output showing the current 67 68

102

part of the array being processed. */

10:
10:
10!
10
10
10
10¢
11
11
11
11
11:
11
11
11
11
11
12
12
12,
12
12.

void printRow( const int b[], int low, int mid, int high )

{

int i; /* counter */

/* loop through entire array */

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

/* display spaces if outside current subarray range */

if (i <Tlow || i > high) {
printf( " ")

} /* end if */

else if (1 == mid ) { /* display middle element */
printf( "%3d*", b[ i ] ); /* mark middle value */

} /* end else if */

else { /* display other elements in subarray */
printf( "%3d ", b[ i ] );

} /* end else */

} /* end for */

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

} /* end function printRow */

© Copyright by Deitel

fig06_19.c (Part 5
of 5)

Enter a number between 0 and 28: 25

Subscripts:

0

i 2 3 4 5 6 7 8 9 10 11 12 13 14

0

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

24*

25 not found

Enter a number between 0 and 28: 8

Subscripts:
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 2 4 6 8 10 12 14* 16 18 20 22 24 26 28
0 2 4 6* 8 10 12

8 10* 12

8*

8 found in array element 4

© Copyright by Deitel

Program Output




Enter a number between 0 and 28: 6 69 70
subscripts: 6.9 Multiple-Subscripted Arrays
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Program Output
0 2 4 6 8 10 12 14*16 18 20 22 24 26 28 (continued) . Multiple Subscripted Arrays
0 2 4 6* 8 10 12 .
- Tables with rows (3]]) and columns (/=)(m by n array)
6 found in array element 3 - s
- m7Yn i~
- Like matrices: specify 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 03[ 01 al0101] al0J1[21 a[01[3]
Rowl al 11001 al1101] a[l131[21 a[11[3]
Row2 a[ 21001 al23011 al21021 al[21[3]
L Column index
Row index
Array name
© Copyright by Deitel © Copyright by Deitel
71 72

6.9 Multiple-Subscripted Arrays

* Initialization 1|2
— intb[2][2]={{1,2},{3,4}}; 3 4
- Initializers grouped by row in braces
- If not enough, unspecified elements set to zero
intb[2][2]={{1}{3,4}}
* Referencing Elements
- Specify row ([]), then column (i)
printf( "%d", b[O][11]);

J N

£ £ £ £
=27 1 2 3 4
17 17 17 17
E13)
E275|

F-RBAR—EBIE  BETHRSER nt BE
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Initializing Multi-Dimensional Arrays
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/* Fig. 6.21: fig06_21.c
Initializing multidimensional arrays */
#include <stdio.h
< > of 2)

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

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

{ L
/* initialize arrayl, array2, array3 * -
int arrayl[ 2 1[ 31 ={ {1, 2, 3}, {4,5, 61} 1}

1
4
15
int array2[ 2 1[ 31 ={1, 2, 3, 4, 5 }; 4
s
4

int array3[ 2 1[ 31 ={{1, 2}, {411}

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

S NN O N O N

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




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

73

74
29| void printArray( const int a[l[ 3 1) .
30| ¢ Example of Double-Subscripted Array
31/ int i; /* counter */ i—:F H:E: sESE el b HJ 1 /* Fig. 6.22: fig06_22
32 int j; /* counter */ "ﬂf/ [! ; EET- [ (fl [l % EJ) . 2 D1gl;1 ’ b 1g. _d < e * fig06_22.c (Part 1 of
33 EJ [' i Iﬁ—lit |“3Elfl§l'<ﬂl|'@f“ *{E‘( f|906_21C (Part 2 ouble-subscripted array example / 6)
o /* Toop through rows */ - of 2) 3 #include <stdio.h> =3 T >
35| | for ¢ f 0 ? 1; i) { ' 4 #define STUDENTS 3 ZOARER A PUURHER R R
= 0; <= 1; q++ x =S
- 5 #define ExAMS 4 TR I -
37 /* output column values */ 6
. . " 7 | /* function prototypes */
38 for (j=0; 3 <=2; j++ ) { . .. . X 0 .
. I X . 8 |int minimum( const int grades[][ EXAMS ], int pupils, int tests );
39 printf( "%d “, a[ 1 I1[ § 1 ); — o e imum( @ 4 des[1[ ExaMs 1, int i I—
. int maximum( const int grades , int pupils, int tests );
40, * end inner for * ST S diaka
m b/ / U“HJ;T' 7[”[15‘}‘] a6 (columrD 10| double average( const int setofGrades[], int tests );
11 i i i s 1 ils, i H
42 printfC "\n" )i /* start new Tine of output %/ . void printArray( const int grades[][ EXAMS ], int pupils, int tests )
43 } /* end outer for */
m 13 /* function main begins program execution */
450 } /* end function printArray */ 12 .1[nt () 77 68 86 73
values in arrayl by row are: Program Output
123 & v 9 p 16 int student; /* counter */ 96 87 89 78
98 C 17 |70 90 86 81
Xa;ugs in array2 by row are: i s W 18 /* initialize student grades for three students (rows) */
£} [ i z
450 HW IR 1 e 19 const int studentGrades[ STUDENTS ][ EXAMS ] = F' | 2 FIJ;”]Q(
, (ERLE |—”JFIJ?FJ||;!;'IIL‘/ Ib;gﬁﬁ,‘) =
values in array3 by row are: 20 { {77, 68, 86, 73 }, - 3
igg 21 { 96, 87, 89, 78 }, {fl TR
S q < gz
- B z { 70, 90, 86, 81 } }; H[ﬂ SV B
© Copyright by Deitel © Copyright by Deitel
75 : L 76
Function minimum
24 /* output array studentGrades */
5 = fee\n™ Y. N * Find the minimum grade */
25 printf( "The array is:\n" ); %E"?EJ%'""FJH j%ﬁl Y 43 / F1r.1 . ) . . .
2 printarray( studentGrades, STUDENTS, EXAMS ); . 44 int minimum( const int grades[]1[ EXAMS ], int pupils, int tests ) .
- BT fig06_22.c (Part 2 a5 { fig06_22.c (Part 3 of
28 /* determine smallest and largest grade values */ of 6 ::j :::: ;‘ ;: 223:::: :; 6)
29 printf( "\n\nLowest grade: %d\nHighest grade: %d\n", . ’ © e . .
< t lowGrade = 100; /* initialize to highest b1 de *
30 minimum( studentGrades, STUDENTS, EXAMS ), ‘?E‘TIHHU Jj +‘ﬁJ g\r j: n owerade £ SEMSIEINED €0 (D13 EERID ErEb &
31 maximum( studentGrades, STUDENTS, EXAMS ) ); 50 * Joop through rows of grades *
32 . . . .
_ 51 fo = 0; Ts;
33 /* calculate average grade for each student */ 77 68 86 73 52 i U < LELT B D
34 for ( student = 0; student <= STUDENTS - 1; student++ ) { = .1 h h 1 f d .
35 printf( "The average grade for student %d is %.2f\n", 96 87 89 78 / oo? u rowﬂs ? nacesE /4
36 student, average( studentGrades[ student ], EXAMS ) ); 70 90 86 81 o for (1§ =05 J < tests; ji+ ) {
37 } /* end for */ *
38 56 if ( grades[ i J[ j ] < lowGrade ) {
L I b 57 TowGrade = grades[ i 1[ j 1;
39 return 0; /* indicates successful termination */ |:| owGrade = grades[ i 1[ j 1;
40 ¢ 3 ’ 58 } /* end if */
41 } /* end main */ {fIJ F 7J EI)T -
“ { J{fl E‘JJJ ET 60 } /* end inner for */
61
1= B ]I average #yﬁvn BT+ o= 3455 Q(Eﬂﬁ [{"] studentGrades| student | H{3&fi5]| 62 | } /* end outer for */
& ¢ Inadouble subscnpted array, each row is basicallygdessubscripted array&ffj G
{e 64 return lowGrade; /* return minimum grade */
studentGrades[ 0 | %= {# * studentGrades Ff{i%j[[[[ 12 0 [[2Y 0 = pulost 2|y Bt 5 65
studentGrades[ 1] %5 {1 * studentGrades [/l 157 1 5157 0 ittt £ Eerl - § 4 Gt RSEE G <

stud

©

entGrades[ 2] % 1 " studentGrades [{i5[If115Y 2 5[5 0 = otk 2zl ;
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Function maximum

68 /* Find the maximum grade */

69 int maximum( const int grades[][ EXAMS ], int pupils, int tests )

7

fig06_22.c (Part 4

70 {

71 int 1i; /* counter */ of 6)
72 int j; /* counter */

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

75 /* loop through rows of grades */

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

77

78 /* loop through columns of grades */

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

80

81 if ( grades[ i ][ j 1 > highGrade ) {
82 highGrade = grades[ i 1[ j 1;

83 } /* end if */

84

85 } /* end inner for */

86

87 } /* end outer for */

88

89 return highGrade; /* return maximum grade */
90

91 } /* end function maximum */

© Copyright by Deitel

Function average

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

94 double average( const int setofGrades[], int tests )
95 {

96 int 1i; /* counter */

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

99 * total all grades for one student *
100 for (i =0; i < tests; i++ ) {

101 total += setofGrades[ i ];

102 } /* end for */

103

104  return ( double ) total / tests; /* average */
105

106} /* end function average */

© Copyright by Deitel

78

fig06_22.c (Part 5 of
6)

Function printArray

107
108 /* pPrint the array */

109 void printArray( const int grades[][ EXAMS ], int pupils, int tests )

110 {
111 int i; /* counter */
112 int j; /* counter */

113

114 /* output column heads */

115 printf( " [0] [11 [2]
116

117 /* output grades in tabular format */

79

fig06_22.c (Part 6
of 6)

[31" J;

[ —

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

119

120 /* output label for row */

121 printf( "\nstudentGrades[%d] ", 1 );
122

123 /* output grades for one student */
124 for ( j = 0; j < tests; j++ ) {

125 printf( "%-5d", grades[ i 1[ j 1 ); -
126 } /* end inner for */

127

128 } /* end outer for */

129

130} /* end function printArray */

© Copyright by Deitel

%-5d [T EULTRIDE
> 2 I -

The array'is:

[0] [1] [2] [3]
studentGrades[0] 77 68 86 73
studentGrades[1] 96 87 89 78
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 is 81.75

© Copyright by Deitel
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Review

* In 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.
* |45 (subscript, FJ[ff1) f£-0 F'aﬂﬁfi !
¢ Character Arrays (47 [f{fi¥[]) ;
— char string1[] = "first";
~ charstringl] = {f, ¥, T, ', 1, \0');
- To pass arrays to functions.
o [HEIURLY o5 Call-by-Reference !
- The basic sorting and searching techniques.
- To define and manipulate multiple subscript arrays.
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