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Objectives

* In this chapter, you will learn:
— To be able to use pointers.

- To be able to use pointers to pass arguments to
functions using call by reference.

- To understand the close relationships among
pointers, arrays and strings.

- To understand the use of pointers to functions.
- To be able to define and use arrays of strings.
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Introduction

e Pointers

- Powerful, but difficult to master
— Simulate call-by-reference

— Close relationship with arrays and strings

e Pointer Variables (f512%5])

— Pointer variables contain memory addresses as their

values

— Normal variables contain a specific value (direct

reference), e.g.,a=7, 3

— Pointer contains the address of a normal variable

that has a specific value (indirect reference)

- Indirection - referencing a pointer value
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Pointer Variable - Definitions and
Initialization
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?8@ oﬁT_f)’@%I - @%ﬂ a B’Jf_/_ij_t ﬁg a EIQ{E
£ a Bf7IE

RIBE BRI -

BaBRERHONS 1B apwr JSEE 8

Mﬁﬂaﬁﬁ' —fEER a iy - GG ICE U EREHGE - BEECIERZERE A Rt
iErEsCIEAS(LAE (address) o 7E CEEFT - {ERR(TEITEER) & A AR T EH AT —
R RS Q%Z YNERIERE aPtr FH T B8 a HUALEEIRFIRE T F51E aPtr f5 M52 %] a (alPtr

points to a) |

fSE e ECIR e
R s R S OOER BYe
N—FE - FrLUEEELE ISIEME aPtr| 1400 20
Bt B A AT ——

> AIS[EIFTR | |
SRR aPur B4 B8] a (O{11L

© Copyright by Deitel



Pointer Variable - Definitions and
Initialization

e Pointer Definitions
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* used with pointer variables ( 5 &HFEAEFIN*)
int *aPtr;

This means "aPtr is a pointer which points to an

integer."

Defines a pointer to an int (pointer of type int * )

Multiple pointers require using a * before each variable

definition (5—{EFE IR EREITAL LA *)

int *myPtrl, *myPtr2;
Pointers can also be defined to point to objects of any
other data type.

RSy NN (Sl Sl D=y Bl S A = IR =
SR 2 ARG - fEREA S I 1 Fria A S EHTHiar -

Initialize pointers to 0, NULL, or an address
« 0 or NULL - points to nothing (NULL preferred)



Pointer Operators

« & (Address Operator Z~4/38 & )

— Returns address of operand (which can be either a
regular or a pointer variable)

int y = 5;
int *yPtr;
yPtr = &y; // yPtr gets address of y

- Means yPtr “pointsto” y (5fEE#E yPtr {50 v - 7
Boe YPtr fEFHVE Yy AVHEHR)
- A[EE S IR R T [ A 52 8

int y = 5;
int *yPtr = &y;
yPtr y yPtr y
Tocation location
e———p §
500000 S 600000 2
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7.3 Pointer Operators

« * (Indirection/Dereferencing Operator
# P 538 B )
- Returns a synonym/alias of what its operand (which is a

pointer) points to

- & yPtr RIEWEERNT > yPtr & y (EaCiEATHYALLE -
i *yPtr Al B RUEZ Ak 2 (8 (EH y 1H)

— *yPtr returns the value of y (because yPtr points to y)
— * can be used for assignment
* Returns alias to an object
*yPtr = 7; // it also changes y to 7 //
— Dereferenced pointer (operand of *) must be an lvalue (no
constants)
- * and & are inverses
- & EHECEREAIE > * ARSI ERTEREIE » AT

- They cancel each other out

© Copyright by Deitel



Using the & And * Operators

/* Fig. 7.4: fig07_04.c
Using the & and * operators */
#include <stdio.h>

{

int a; /* a is an integer */

1

2

3

4

5 1int main(Q
6

7

8 int *aPtr;
9

/* aPtr is a pointer to an integer */

fig07_04.c
1SS aPtr B a
AT SE — | B a S0 [B 2 a 0018 |
BE a G971t
RIBISEFE RO - _ o
E RSN 8% b ISR 8
e S EREESATA
< AR a5

int *aPtr = &a;

The address of a is the

value of aPtr. JFEEIHHE
H %p

/

The * operator returns an
alias to what its operand
points to. aPtr points to a,
SO *aPtr returns a.

<

Notice how * and &

10 a=1717;

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

12

13 printf( "The address of a is %p"

14 "\nThe value of aPtr is %p", &a, aPtr );
15

16 printf( "\n\nThe value of a is %d"

17 "\nThe value of *aPtr is %d", a, *aPtr );
18

19 printf( "\n\nShowing that * and & are complements of "
20 "each other\n&*aPtr = %p"

21 "\n*&apPtr = %p\n", &*aPtr, *&aPtr ); <

22

23 return 0; /* indicates successful termination */

24
25 } /* end main */

are inverses




The address of a is 0012FF7C
The value of aPtr is 0012FF7C

The value of a is 7

The value of *aPtr is 7 Program Output
Showing that * and & are complements of each other.

&*aPtr = 0012FF7C

*gaPtr = 0012FF7C
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Pointer Operators
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Fig. 7.5 | Operator precedence and associativity.
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(type)

Associativity Type

left to right highest

right to left unary

left to right multiplicative
left to right additive

left to right relational
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



TRk

/* FSEENJREE4RYE testPointer.c */

#include <stdio.h>

int main()

{
int a =5, b = 10;
int *ptrl, *ptr2;

ptrl = &a; /* Rptriggfafifichk */
ptr2 = &b; /* Kiptr2g RbMIfirik */
*ptrl = 7; /* KptrlfSEHIANRIRT */
*ptr2 = 32; /* Kptr2fE AR 32 */
a = 17; /* BEEaRlT */

ptrl = ptr2; /* EXEptrl=ptr2 */

*ptrl = 9; /* KptrligEANRE /9 */
ptrl = &a; /* Riptrlgk Raffirht */

a = 64; /* BETEak64 */

*ptr2 = *ptrl + 5; /* Riptr2ig[EHyNAR Ry *ptrl+5*/
ptr2 = &a; /* Kptr2igRafyfizhk */

printf ("a=%2d, b=%2d, *ptrl=%2d, *ptr2=%2d\n",a,b,*ptrl, *ptr2);
printf ("ptrl=%p, ptr2=%p\n",ptrl,ptr2);

return O;
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TRk

]iTh - B LEEH (&a=FF6C - &b= FF68)

12

175 | 2% a b ptrl |*ptrl | ptr2 |*ptr2
I 06 | int a=5,b=10; 5 10
| 07 int *ptrl,*ptr2; | 5 10 BE | BE | BE | BE
I 08 | ptrl=sa; 5 10 FF6C 5 &{E =B
| 09| ptro=sp; 5 | 10 |rFréc | 5 |Fres | 10
I 10 | *ptr1=7; 7 10 |Frec {7 DFFes | 10
| 11| *ptro=32; 7 32 | FFec | 7 | FFE8 | 32
12 | a=17; 17 )| 32 | Frec |C17 | FFes | 32
13 | ptri=ptr2; 17 32 | Fres | 32 | Fres | 32
14 | *ptrl=9; 17 ( 9 FF68 9 ¥
15 | ptrl=&a; 17 9 FF6C 17 FFe68 9
16 | a=64; 64 )| o lrrec [Cea | rFres | 9
17 | *ptr2=*ptri+5; 64 | 69 | FF6C | 64 | FF68 | 69
i foersca; o | oo ersc | e
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Fap ! a b ptr *ptr
l [int a =12, b = 7; 12 7
2 | int *ptr; 12 7
3 |ptr = &a; 12 7 FFC 12
4 | *ptr = 19; 19 7 FF7C 19
5 |ptr = &b; 19 7 FF78 7
6 |b =16 19 16 FF78 16
7 | *ptr = 12; 19 12 FF78 12
8 |a = 17; 17 12 FF78 12
9 |ptr = &a; 17 12 FF7C 17
10 |a = b; 12 12 FF7C 12
11 | *ptr = 63; 63 12 FF7C 63
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Call by Value - Example

/* RBEVEERS £8 c EEBETM/

#include <stdio.h>

void addl0(int,int); /* addlo () YRR */
int main|()

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

printf ( "EENpREadd10 () ZR]: " )
printf ( "a = %2d, b = %2d\n", a, b ); /* Eldta bHyHE */

add10(a,b) ;

printf ( "FENpRETadd10 () Z1&: " )
printf ( "a = %2d, b = %2d\n", a, b ); /* EldHa bHyHE */

return 0; IO p8add10 () ZHj: a = 3, b= 5
} iy add1o - a =13, b = 15
RO pR#tadd10 () Z%&: a = 3, b= 5

void addlO (int a,int b)

a=a+ 10; /* EEEafMENL102 1% » 8&[El45a */
b =>b + 10; /* RFEHORENL10 1% » 5X[E4Eb */
printf ( "B addl0o b : ")

printf ( "a = %2d, b = %2d\n", a, b ); /* HlHa bHyE */
}

© Copyright by Deitel
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Call by Address - Example

/* RBEVEERS £8 c EEBETM/

#include <stdio.h>

void addl0(int *,int *); /* addlo () YRR */
int main|()

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

printf ( "EENpREadd10 () ZR]: " )
printf ( "a = %2d, b = %2d\n", a, b ); /* Eldta bHyHE */

add10 (&a, &b) ;

printf ( "FENpRETadd10 () Z1&: " )
printf ( "a = %2d, b = %2d\n", a, b ); /* EldHa bHyHE */

return O; RO 8iadd10 () ZHj: a = 3, b= 5
} K add1io & : *a = 13, *b = 15

IEO % Badd10 () Z#%: a = 13, b = 15

void addl0 (int *a,int *Db)
{

*a = *a + 10;

*b = *b + 10;

printf ( "B addl0o b : ") ;

printf ( "*a = %$2d, *b = %2d\n ", *a, *b ); /* Hli*a - *bfy{H */

}
© Copyright by Deitel
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Calling Functions by Reference

* Call by Reference with Pointer Arguments

- JafE Al DU e BRI AR - 0 Al ek & [T -
- PPORN ST AE PR S (B (argument ) AT & RTE]HREZ EERIAAL
HEAE R e g -
- (ERRE AT S (BT * (RIE S Rfa el ) - BLnliesz
i BB TR IRAG LR T 2 ME
- FERNE P AISRGZ A SR AT RN ECCER: > TN EERCR
FEML AR (E S T > SERGR E R A pR R (R -
- fEAT T > WIRG [BURPEYIAVEL » AR &
N Rl 5 AR S e a7 - B AR }

* * Operator PR R
- Used as alias/nickname for variable ins nction
void double( int *number )

{
*number = 2 * ( *number );
} *number &% ALHEFTFHYE }

- *number used as nickname for the variable passed
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Cube a Variable using Call-by-Value

© 00 N O 0o b W N PP

=
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

/* Fig. 7.6: fig07_06.c
Cube a variable using call-by-value */ fig07_06.c
#include <stdio.h> B

int cubeByvalue( int n ); /* prototype */

IR K,
numberl = cubeByValue ( number ) ;

int mainQ

{

int number = 5; /* initiali

printf( "The original value of number is %d", number );

O

/* pass number by value to cubeByvalue */ O

| number = cubeByvalue( number ); |

O

printf( "\nThe new value of number 1is %d\n", number );

return 0; /* indicates successful termination */

} /* end main */

/* calculate and return cube of integer argument */
int cubeByvalue( int n )
{

return n * n * n; /* cube local variable n and return result */

} /* end function cubeByvalue */



The original value of number is 5
The new value of number is 125

Program Output

LRI C 32 el call-by-
value (A5 » — 7 A AE (BE—(E2 A -
R |
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© 00 N oo 0o B~ W N PP

L e o O T T e T Y = S S
© ©® N O O~ W N L O

20
21
22
23
24
25
26
27

/* Fig. 7.7: fig07_07.c

19

Cube a variable using call-by-reference with a pointer argument */

#include <stdio.h>

Notice that the function prototype

Y takes a pointer to an integer. fig07_07.c
void cubeByReference( int *nPtr ); /* prototype */
int mainQ
{

int number = 5; /* initialize number */

printf( "The original value of number is %d", number );

/* pass address of number to cubeByReference */

cubeByReference( &number ); '« Elﬂjﬂj number 5{%%&5’\]58'%%%1@[1&
EH (4% cubeByReference F - prEE
printf( "\nThe new value of number is %d\n", number ); L&Emg[%u%z )% pointer (an address of
a variable) o

return 0; /* indicates successful termination */

} /* end main */

/* calculate cube of *nPtr; modifies variable number in main */
void cubeByReference( int *nPtr ) <

{
*nPtr = *nPtr * *nPtr * *nPtr; /* cube *nPtr */

} /* end function cubeByReference */

© Copyright by Deitel

N E R 5 25 nPtr fy pointer
(int *nPtr) ZKBEUGZALEAYIE
TERNEHHLH *nPtr EfTETE - 5T
B5ef% » sZsC R E A
T Akazfirib 2 FE=F
number HIfizil: » FTPA EREZH
number FYEHELT -




The original value of number is 5
The new value of number is 125

Program Output

BT C 352 A e ] call-by-
reference S {EI% » 1T 1o [0 {0 ME 5 (1 2
it -
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Step |: Before main calls cubeByVaTlue:

int main( void )

int cubeByValue( int n )

number
{
int number = 5; 5 return n *
n
number = cubeByValue( number );
} undefined
Step 2: After cubeByValue receives the call:
int main( void ) number int cubeByValue( int n )
{
int number = 5; 5 return n
n

number = cubeByValue( number );

Fig. 7.8 | Analysis of a typical call-by-value. (Part I of 3.)
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Step 3: After cubeByValue cubes parameter n and before cubeByVaTue returns to main:

int main( void )

{

int number = 5;

number

5

int cubeByValue( int n )
{ 125
return n * n * n;

} n
number = cubeByValue( number );
} 5
Step 4: After cubeByVaTlue returns to main and before assigning the result to number:
int main( void ) number int cubeByValue( int n )
{ {
int number = 5; 5 return n * n * n;
125 1
n
number = cubeByValue( number );
} undefined

Fig. 7.8 | Analysis of a typical call-by-value. (Part 2 of 3.)

© Copyright by Deitel
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Step 5: After main completes the assignment to number:

int main( void )
{
int number = 5;
125 125
number = cubeByValue( number );
}

number

125

int cubeByValue( int n )
{

return n * #

n * n;

n

undefined

Fig. 7.8 | Analysis of a typical call-by-value. (Part 3 of 3.)

© Copyright by Deitel
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Step |: Before main calls cubeByReference:

int main( void )
{

int number = 5;

cubeByReference( &number );

number

5

void cubeByReference( int *nPtr )

{

*nPtr = *nPtr * *nPtr * *nPtr;

nPtr

undefined

Step 2: After cubeByReference receives the call and before *nPtr is cubed:

int main( void )

{

int number = 5;

cubeByReference( &number );

number

5

N

\\¢mH6mMSMSMBpMMH

void cubeByReference( int *nPtr )

{

*nPtr = *nPtr * *nPtr * *nPtr;

nPtr

Step 3: After *nPtr is cubed and before program control returns to main:

int main( void )

{

int number = 5;

cubeByReference( &number );

number

125

\\\

void cubeByReference( 1int *nPtr )
{ 125
*nPtr = *nPtr * *nPtr * *nPtr;

called function modifies caller’s nPtr

\variable

o CopyrigtFig. 7.9 | Analysis of a typical call-by-reference with a pointer argument.

24



const Qualifier

- Variable cannot be changed %%’Zﬁz

EAREFECEE - BRI F 5D

- Use const if function does not
need to change a variable

- Attempting to change a const
variable produces an error

© Copyright by Deitel
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Type Qualifier - const

1 /* Fig. 6.14: fig06_14.c

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 1int main(Q)

o BB S EY R const /&
10 int a[] = { 10, 20, 30 }; /* initialize a */ {.ﬂgﬁﬂjﬁfﬁ M&ﬁﬂdﬁﬂ/t_
1 R B R RS . MR
12 tryTowodifyarray( a ); FERL BN TR R A A |

13

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

15

16 return 0; /* indicates successful termination */

! & F PP =Ry - SRR

P/ end main i(arguments) 7 F 5 {EIERT - R
ZERE RS IREEEREE » £
B ERVFES B e ERE T - A
RER R FREANESENE - B
© Copyright by Deitel E@lﬁtpﬂ‘ﬁgéﬁ%@gu%%ﬁ@?” °
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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[ 0] /= 2; /* error */
25 bl 11 /= 2; /* error ¥/
26 bl 21 /= 2; /* error */
27 } /* end function tryToModifyArray */

A

Compiling...

FIG06_14.C

fig06_14.c(24) : error C2166: 1-value specifies const object
fig06_14.c(25) : error C2166: 1-value specifies const object +—]
fig06_14.c(26) : error C2166: 1-value specifies const object

FEAEREL T - e S
1 &“EEF‘RHKIEQ : bR

S IEE By const int (1Y BRI ELE [EH Y] > (H
HANE » HIbEAEE AR |
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Using the const Qualifier with Pointers
A const pointer points to a constant memory location fﬁ%ﬁi{hiﬁK HEF X

B2 |
EN
iy

), which must be initialized when defined (ff = &0 L ELATHE > 7
B R L)

— 1int *const myPtr = &x;

* Read from right to left: "myPtr is a constant pointer which points to an
integer."

* Type int *const - constant pointer to an int
* [ftla myPtr f const pointer » ftLL myPtr ( FrigmEAVHIAL ) AEEHGE |
» BUATEAFTHI myPtr = &yl > TEGRERITIL S BT -

— const int *myPtr = é&x;

* "myPtr is a regular pointer which points to a constant integer."

* b *myPtr ( FTEEAYVEUE ) AEEXCEE - {H myPtr fy—f% pointer

o AL x BEARBEASH pointer [ > *myPtr = 7 (T 4R =il HIRSE R -
* B x{HAAESSIMNIE > A x = x+10;

— const int *const myPtr = &x;

© Copyright by Deitel

* “myPtr is a constant pointer which points to a constant integer."

* ULFE myPtr 81 *myPtr #lRAELEE |
 x can be changed, but not *myPtr

. ﬁﬁugtﬁi;w%% x = T; Ko *myPr RERESER 7 ¢ HA R AL
*myPtr =7,

28



Converting Lowercase Letters to Uppercase Letters >

Using a Non-constant pointer to Non-constant Data

1 /* Fig. 7.10: fig07_10.c figO? 10.c (Part 1 of
2 Converting lowercase letters to uppercase letters 2) -

3 using a non-constant pointer to non-constant data */

‘ AR VB F BT/ NEFITRARE FIT » B & A2 EE
5 _#include <stdio.h> BT BRI NS © islower, toupper {FEZ/Il

6| #include <ctype.h> #include <ctype.h>

7

8 void convertToUppercase( char *sPtr ); /* prototype */

9

10 1int main(Q)

11 {

12 char string[] = "characters and $32.98"; /* initialize cha

13 S0 string 2Tl » B DAVE BoPf
14 printf( "The string before conversion 1is: %s", string ); “U@%ZEI’J%'I%IH#K %ﬂﬂ & > ?tE@
15 convertToUppercase( string ); JE%ﬁfﬁgiﬁﬂﬁiﬂu !

16 printf( "\nThe string after conversion is: %s\n", string );

17

18 return 0; /* indicates successful termination */

19 - <stdio.h>

20 3 /* end main */ #include <stdlib.h>

o1 #include <time.h>

#include <math.h>
#include <ctype.h>

© Copyright by Deitel



|

22 /* convert string to uppercase letters */ 30
23 void convertToUppercase( char *sPtr )

24 {

25 while ( *sPtr != '\0' ) { /* current character is not '\0' */

26

27 if ( islower( *spPtr ) ) { /* if character is lowercase, */

28 *sSPtr = toupper( *sPtr ); /* convert to uppercase */

29 } /* end if */ ( ++sPtr : R N —{EF ot
30 ‘L////:::;’

31 ++sPtr; /* move sPtr to the next character */—

32 } /* end while */

&8

34 } /* end function convertToUppercase */

PEER A W EFEEE - eHy ey © (%2 #include <ctype.h> )
islower
toupper

B KB Z IR - EEZRYS [BUR EAEAT string [HEIE—ETZRAYHIEE

 FTDMEARREIEYS (B0 - B sPrr By rARRHIEIREE, - /RAl ' char

~

*sPtr ;5 [k sPtr $Z£JE’JEIEEEEF‘ string AR —(ETZRAVHILE - TR
A *sPtr B UERTENF T (g 'cy "hy Ta %) -

J

The string before conversion is: characters and $32.98
The string after conversion is: CHARACTERS AND $32.98
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Printing a String One Character at a Time Using a

Non-Constant Pointer to a Constant Data

© 00 N o o B~ W N B

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

/* Fig. 7.11: fig07_11.c
Printing a string one character at a time using
a non-constant pointer to constant data */

#include <stdio.h>
void printCharacters( const char *sPtr );
int main(Q)
{
/* initialize char array */

char string[] = "print characters of a string";

printf( "The string is:\n" );

printCharacters( string );
printf( "\n" );

return 0; /* indicates successful termination */

} /* end main */

© Copyright by Deitel
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fig07_11.c (Part 1 of
2)



22 /* sPtr cannot modify the character to which it points,

23 i.e., sPtr is a "read-only" pointer */ TEHE R R e 5 4 sPtr f—f% g i
24 void printCharacters( const char *sPtr ) SR80 > f5 [ Z—(E const char » &5

25 1 IR *sPtr A~ EJ AR | g 12
26 /* loop through entire string */ SPtr j&ﬁté@?ﬁ (*SP'[I’) KEJU\EQ%
27 for ( ; *sptr != '\0'; sPtr++ ) { /* no initialization */ X

28 printf( "%c", *sPtr );

29 } /* end for */

30

31 } /* end function printCharacters */

fig07_11.c (Part 2 of 2)

GRAE S —TEUK

void printCharacters( char *const sPtr)

L TIESER 7

The string is:
print characters of a string Program Output
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Attempting to Modify Data Through a
Non-Constant Pointer to Constant Data

8

9

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

/* Fig. 7.12: fig07_12.c
Attempting to modify data through a
non-constant pointer to constant data. */
#include <stdio.h>

void f( const int *xPtr ); /* prototype */

int main(Q)

{
int y=50; /* define y */
fC &y ); /* f attempts illegal modification */
return 0; /* indicates successful termination */

} /* end main */

/* XPtr cannot be used to modify the
value of the variable to which it points */

fig07_12.c

FEIL B R EES XPtr A—ReiE
SEEL > 5= 2] —1E constint » At
*XPtr A A DA EE | BAERE T *xPtr
= 100 R BHEE 2 85 2R Y |

void f( const int *xPtr )

{

*xPtr = 100; /* error: cannot modify a const object */
} /* end function f */
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Compiling...
FIG07_12.c

d:\books\2003\chtp4\examples\ch07\fig07_12.c(22)
specifies const object
Error executing cl.exe.

FIGO7_12.exe - 1 error(s), 0 warning(s)

© Copyright by Deitel

: error C2166:

T1-value

Program Output
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figo7_13.c

1 /* Fig. 7.13: fig07_13.c

2 Attempting to modify a constant pointer to non-constant data */

3 #include <stdio.h>

4

5 1int mainQ

6 { e T ; AL

7 o s A G H. = ptr 1s a constant pointer which points to a
8 int y; /* define y */ integer." Changing *ptr is allowed - x doesn't
9 need to be a constant.

10 /* ptr is a constant poiAter to an integer that can be modified

11 through ptr, but pgtr always points to the same memory location */

12 int *const ptr = &x;

13

14 *ptr = 7; /* allowed: *ptr is not const */

15 ptr = &yiLZf error: ptr is const; cannot assign new address */

16 Changing ptr is an error -
17 return 0; /* indicates successful termination */ ptr is a constant pointer.
18 i

19 } /* end main */

Compiling...

FIGO7_13.c

D:\books\2003\chtp4\Examples\ch07\FIG07_13.c(15) : error C2166: 1-value
specifies const object
Error executing cl.exe.

Program Output

FIGO7_13.exe - 1 error(s), 0 warning(s)

© Copyright by Deitel
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Attempting to Modify a Constant Pointer

to Constant Data

21

/* Fig. 7.14: fig07_14.c

Attempting to modify a constant pointer to constant data. */

#include <stdio.h>

int mainQ

{

fig07_14.c

36

e
=

int x = 5; /* initialize x */

H & "ptr is a constant pointer which points to a
constant integer." Changing either *ptr or ptr is
not allowed.

int y; /* define y */

/¥ ptr is a constant pointer to a cofistant integer. ptr always

points to the same location; e integer at that Tlocation
cannot be modified */

const int *const ptr = &x;

printf( "%d\n", *ptr );

*ptr = 7; /* error: *ptr is const; cannot assign new value */
ptr = &y; /* error: ptr is const; cannot assign new address */

return 0; /* indicates successful termination */

22 } /* end main */

© Copyright by Deitel
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Compiling...

FIGO7_14.c

D:\books\2003\chtp4\Examples\ch07\FIG07_14.c(17)
specifies const object

D:\books\2003\chtp4\Examples\ch07\FIG07_14.c(18)
specifies const object

Error executing cl.exe.

FIGO7_12.exe - 2 error(s), 0 warning(s)

© Copyright by Deitel
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Questions

#include <stdio.h>
int main ()
{

int x = 5; /* initialize x */

int *const ptr = &x;

printf( "%d $p\n", *ptr, ptr );

*ptr = 7;

return 0;

Linking...

fig07 _14.exe - 0 error(s), 0 warning(s)

© Copyright by Deitel
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Questions
#include <stdio.h>
int main ()
{
int x =5 , y ;
int *const ptr = &x;
printf( "%d $p\n", *ptr, ptr );
*ptr = 7;
Ptr = &y, <
return O;
} .
Compiling. ..
£ig07_14.c

m:\fig07 _14.c(1l2) : error C2166: l-value specifies const object

Error executing cl.exe.

fig07_1l4.exe - 1 error(s), 0 warning(s)

© Copyright by Deitel
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Questions
#include <stdio.h>
int main ()
{
int x =5 , y ;
const int *const ptr = &x;
printf( "%d $p\n", *ptr, ptr );
*ptr = 7; <
Ptr = &y, <«
return O;
}
fig07 14.c

m:\fig07 14.c(1l1l) : error C2166: l-value specifies const object
m:\fig07 14.c(12) : error C2166: l-value specifies const object

Error executing cl.exe.

© Copyright by Deitel



Questions
#include <stdio.h>
int main()
{
int x =5 ;
const int *const ptr = &x;
x=17;
printf( "%d $p\n", *ptr, ptr );
return O;
}
Linking...
fig07 14.exe - 0 error(s), 0 warning(s)
7 0012FF7C

Press any key to continue

© Copyright by Deitel
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Bubble Sort Using Call-by-reference

* Implement Bubble Sort Using Pointers

- Swap two elements
— swap function must receive address (using &) of array
elements
* Array elements have call-by-value default
- Using pointers and the * operator, swap can switch
array elements

e Pseudocode

Initialize array
print data in original order
Call function bubblesort
print sorted array
Define bubblesort

© Copyright by Deitel
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Function bubbleSort with Call-by-Value - Review

135void bubblesort( int a[] )

136{

137 1int pass; /* counter */

138  1int j; /* counter */

139 1int hold; /* temporary location used to swap elements */
140

141  /* Toop to control number of passes */
142 | for ( pass = 1; pass < SIZE; pass++ ) {
143

144 _/* loop 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(aljl>alj+11){

149 hold = a[ J ],

150 aljl=alj+11;

151 a[ j + 1 1 = hold;

152 } /* end if */

153

154 } /* end inner for */

155

156 |} /* end outer for */

157

158} /* end function bubbleSort */

159

154 } /* end inner for */

© Copyright by Deitel



Bubble Sort with Call-by-Reference

© 00 N o o A W N P
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12
13
14
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17
18
19
20
21
22
23
24
25
26

/* Fig. 7.15: fig07_15.c
This program puts values into an array, sorts the values 1into
ascending order, and prints the resulting array. */

#include <stdio.h>

#define S1zE 10

void bubbleSsort( int *array, const int size ); /* prototype */

int main(Q)
{
/* initialize array a */
int a[ s1ze ] = { 2, 6, 4, 8, 10, 12, 89, 68, 45, 37 };

int i; /* counter */

printf( "Data items in original order\n" );
/* loop through array a */

for (i =0; 1 <sS1zE; i++ ) {

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

bubblesort( a, SIze ); /* sort the array */

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

44

fig07_15.c (Part 1 of
3)



27 /* loop through array a */
28 for (i =0; i < S1IZE; i++ ) {

29 printf( "%4d", a[ 1 ] );

30 } /* end for */

31

32 printf( “\n" );

33

34 return 0; /* indicates successful termination */
35

36 } /* end main */

© Copyright by Deitel
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38 /* sort an array of integers using bubble sort algorithm */

39 void bubbleSort( int *array, const int size )

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

46

{
void swap( int *elementlPtr, int *element2Ptr ); /* prototype */
int pass; /* pass counter */
int j; /¥ comparison counter */
/* loop to control passes */
for ( pass = 0; pass < size - 1; pass++ ) {
/* loop to control comparisons during each pass */
for ( j =0; j <size - 1; j++ ) {
/* swap adjacent elements if they are out of order */
if Carray[ j 1 > array[ j + 1] ) {
swap( &array[ j 1, &rray[ j + 1 1] );
} /* end if */
} /* end inner for */
} /* end outer for */
} /* end function bubblesort */

© Copyright by Deitel
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fig07_15.c (Part 3 of

61

62 /* swap values at memory locations to which elementlPtr and 3)
63 element2Ptr point */

64 void swap( int *elementlPtr, int *element2Ptr )

65 {

66 int hold = *elementlPtr;

67 *elementlPtr = *element2Ptr;

68 *element2Ptr = hold;

69 } /* end function swap */

Data items in original order

2 6 4 8 10 12 89 68 45
Data items in ascending order

2 4 6 8 10 12 37 45 68

© Copyright by Deitel
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Function sizeof

* sizeof
— Returns size of operand in bytes
- 1 byte = 8 bits
— For arrays: (size of 1 element) x (number of elements)

- FVE sueof( SEUIURR) 0 B sizeof EREIMRE > B¢
sizeof (B HTH)

- if sizeof ( int ) equals 4 bytes, then
int myArray[ 10 ];
printf( "3%d", sizeof( myArray ) ),

* will print 40
- sizeof can be used with

— Variable names

- Type name

— Constant values

© Copyright by Deitel
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Typical Size and Range of Data Types

For Borland Compiler

Data Type Size Bytes Min value Max value

char 1 -128 127

short 1int 2 -32768 32767

int 4 -2147483648 2147483647

Tong int 4 -2147483648 2147483647

float 4 1.17549e-38 3.40282e+38

double 8 2.22507e-308 1.79769e+308

Tong double 10 3.3621e-4932 1.18973e+4932
/ For Visual C++ and C Compiler \

Data Type Size Bytes Min value Max value

char 1 -128 127

short int 2 -32768 32767

int 4 -2147483648 2147483647

Tong int 4 -2147483648 2147483647

float 4 1.17549e-38 3.40282e+38

double 8 2.22507e-308 1.79769e+308

8

2.22507e-308 1.79769e+308 /

\\\\; long double

© Copyright by Deitel




/* SIZEOF.C--Program to tell the size of the C variable */

/* type in bytes */
#include <stdio.h>

main ()

{

printf( "\nA char

printf( "\nAn int

printf( "\nA short

printf( "\nA long

printf( "\nAn unsigned char
printf( "\nAn unsigned int
printf( "\nAn unsigned short
printf( "\nAn unsigned long
printf( "\nA float

printf( "\nA double

printf( "\nA long double

return O;

© Copyright by Deitel

is
is
is
is
is
is
is
is
is
is
is

%d
%d
%d
%d
%d
%d
%d
%d
%d
%d
%d

bytes", sizeof( char ));

bytes", sizeof( int ));

bytes", sizeof( short ));

bytes", sizeof( long ));

bytes", sizeof( unsigned char ));
bytes", sizeof( unsigned int ));
bytes", sizeof( unsigned short ));
bytes", sizeof( unsigned long ));
bytes", sizeof( float )):;

bytes", sizeof( double )) ;
bytes\n", sizeof( long double ));

50



Operator sizeof When Applied to an Array 51
name Returns the Number of Bytes in the Array

1 /* Fig. 7.16: fig07_16.c fig()?_]_ﬁ_c

2 Sizeof operator when used on an array name

3 returns the number of bytes in the array. */

4 #include <stdio.h>

5 2 AL e e S A=)

6 |size_t getSize( float *ptr ); /* prototype */ : Jﬁt&%ﬁ%ﬁzﬂi élz-e_t %BZ Slfe(l_f @[%ﬁﬁg\fﬁfﬁj
’ {HHVAIRE 5 size_t 1f C 55 HNE Mt

" _ FAE 8 (unsigned or unsigned long )

Come RUEE » FEILH AT size_t BOAY int

10 float array[ 20 ]; /* create array */

11

12 printf( "The number of bytes in the array is %d"

13 "\nThe number of bytes returned by getSize is %d\n",

14 sizeof( array ), getSize( array ) ); «

15

16 return 0; /* indicates successful termination */

17

18 } /* end main */ The number of bytes in the array is 80

19 The number of bytes returned by getSize is 4

20 /* return size of ptr */

21 size_t getSize( float *ptr )
22 {

23 return sizeof( ptr );

24

25 } /* end function getSize */

T COopyrignt by Dertel



/* Fig. 7.17: fig07_17.c

Demonstrating the sizeof operator */

#include <stdio.h>

1

2

3

4

5 1int mainQ
6 {

7 char c;
8 short s;
9 int i;
10 Tong 1;
11 float f;

12 double d;

/* define c */
/* define s */
/% define i */
/* define 1 */
/* define f */
/* define d */
13 Tong double 1d; /* define 1d */

14 int array[ 20 ]; /* initialize array */

15 int *ptr = array; /* create pointer to array */

16

17 printf( “ sizeof c = %d\tsizeof(char) = %d"

18 "\n sizeof s = %d\tsizeof(short) = %d"
19 "\n sizeof i = %d\tsizeof(int) = %d"

20 "\n sizeof 1 = %d\tsizeof(long) = %d"
21 "\n sizeof f = %d\tsizeof(float) = %d"
22 "\n sizeof d = %d\tsizeof(double) = %d"
23 "\n sizeof 1d = %d\tsizeof(long double) = %d"
24 "\n sizeof array = %d"

25 "\n sizeof ptr = %d\n",

© Copyright by Deitel
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26 sizeof c, sizeof( char ), sizeof s,

27 sizeof( short ), sizeof i, sizeof( int ),

28 sizeof 1, sizeof( long ), sizeof f,

29 sizeof( float ), sizeof d, sizeof( double ),
30 sizeof 1d, sizeof( long double ),

31 sizeof array, sizeof ptr );

32

33 return 0; /* indicates successful termination */
34

35 } /* end main */

sizeof c =
sizeof s
sizeof i
sizeof 1
sizeof f
sizeof d
sizeof 1d
sizeof array
sizeof ptr

[
D OOWOODEDRANR

© Copyright by Deitel

o

sizeof(char) =1
sizeof(short) = 2
sizeof(int) = 4
sizeof(long) = 4
sizeof(float) = 4
sizeof(double) = 8
sizeof(long double) = 8
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fig07_17.c (Part 2 of
2)
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Pointer Expressions and Pointer Arithmetic

Example: 5-element int array on machine with
4 byte ints
—int v[ 5 ];
— int *vPtr = &v (or v or &v|[0]);

— vPtr points to first elementwv[ 0 ], Say at location
3000 (vPtr = 3000)

- vPtr += 2;sets vPtr to 3008(F[I 3000 + 2*4 ; \[;5F 3002!).

In other words, vPtr points tov[ 2 ] (incremented by
2), but the machine has 4 byte ints, so it points to
address 3008

© Copyright by Deitel
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Pointer Expressions and Pointer Arithmetic

location
3000 3004 3008 3012 3016

v[0] v[1] v[2] v[3] v[4]

Array v and a pointer variable vPtr that points to v.

pointer variable vPtr

location
3000 3004 3008 3012 3016

v[0] v[1] v[2] v[3] v[4]

, |

pointer variable vPtr The pointer vPtr after pointer arithmetic.

© Copyright by Deitel
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Pointer Expressions and Pointer Arithmetic

* Arithmetic operations can be performed on pointers
(here, vPtr)

© Copyright by Deitel

vPtr = v; or vPtr = &v[O0];
Increment/decrement pointer (++ or --)

e vPtr++
Add an integer to a pointer( + or +=, - or -=)

e vPtr += 2
Pointers may be subtracted from each other

* vPtr2 - vPtr

o (5 vPtr £3000 » vPtr2 £3008 > HijvPtr2 - vPtr 5 2 > A~ E8)
Operations meaningless unless performed on pointer which points
to an array (415R vPtr A 255 SR - DL ERVERRNSH ERER)
Recall that [8i%1] 2478 R Z S IIVRGHVHIAE © Le.,

* array, &array|[0], B &array —=&#\E array & {6 {EECIE RS HELA
HIRLHE -



Pointer Expressions and Pointer Arithmetic

* Increment/decrement pointer

— if vPtr = 3016, which points to v[4], then vPtr -= 4
would set vPtr back to 3000.

— ++vPtr; vPtr++; --vPtr; vPtr--;

* Subtracting pointers

— Returns number of elements from one to the other. 1f
vPtr2 = &v[ 2 ];
vPtr = &v[ O ];
vPtr2 - vPtr would produce 2

* Pointer comparison ( <, ==, >)
Meaningful for the pointers point to elements of the same

array.
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Pointer Expressions and Pointer Arithmetic

Pointers of the same type can be assigned to
each other

- If not the same type, a cast operator, e.g., (float), (int),
etc., must be used

— Exception: pointer to void (type void ¥*)
* void *bPtr;
* Generic pointer, represents any type

* No casting needed to convert a pointer to void pointer

 void pointers cannot be dereferenced ( ) A{KHEFRAE >
tEEst - A\ *bPtr [RHEIA#T ) since a
pointer to void simply contains a memory location for an
unknown data type.

© Copyright by Deitel
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Relationship Between Pointers and Arrays

* Arrays and pointers are closely related

- Array name like a constant pointer

- Pointers can do array subscripting operations

* Define an arrayb[ 5 ] and a pointer bPtr

To set them equal to one another, we can use:
int b[5];
int *bPtr;
bPtr = b;

* The array name, b, is actually the address of first
element, b[0], of the array b.

bPtr = &b[ 0 ] ;
Explicitly assigns bPtr to address of first element of b

© Copyright by Deitel
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Relationship Between Pointers and Arrays

Elementb[ 3 ]
1. Can be accessed by * ( bPtr + 3 )

- 1EIt bPtr HIA b E{EFESE—E TZE b[0] HYHIHE ;
bPtr + 3 H[l& b[3]109H i - Where 3 is the offset.
Called pointer/offset notation
—~ &b[3] b + 3 HibPtr + 3[FE > FFEDI[3] HY
FHrhE, o
2. Can also be accessed by bPtr[ 3 ]

- Called pointer/subscript notation

- bPtr[ 3 ] & bPtr+3 E{#HhATFHYE
— DbPtr[ 3 ]sameasb[ 3 ]

3. Can finally be accessed by performing pointer arithmetic on
the array itself
*(b + 3)

Question: bPtr += 3 il b += 3 E &5 —F ? Ans: NO!
Remark: bPtr F pointer » B[ DIPZEFEEIAYALHE » {H b Zf&H

5l e TR b[0] AYHLE - [NEL b AJ%i R a

constant pointer > ~NEEIAEE b HVY{H °
© Copyright by Deitel p ARECE b HVH
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Using Subscripting and Pointer Notations with Arrays

© 00 N o o b~ W DN P

10
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20
21
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/* Fig. 7.20: fig07_20.cpp

Using subscripting and pointer notations with arrays */

#include <stdio.h>

int main()

{

int b[] = { 10, 20, 30, 40 }; /* initialize array b */

int *bPtr = b; /* set bPtr to point to array b */
int i; /* counter */
int offset; /* counter */

/* output array b using array subscript notation */
printf( "Array b printed with:\nArray subscript notation\n" );

fig07_20.c (Part 1 of
2)

/* loop through array b */

for (i =0; 1 <4; i++ ) { 2[
printf( "b[ %d ] = %d\n", i, b[ i 1 ); bE
%* d-F %

} /* end for */ b

0
1
2
3

]
]
]
]

10
20
30
= 40

/* output array b using array name and pointer/offset notation */
printf( "\nPointer/offset notation where\n"
"the pointer 1is the array name\n" );
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10
20
30
40

25 /* loop through array b */

26 for ( offset = 0; offset < 4; offset++ ) {

27 printf( "*C b + %d ) = %d\n", offset, *( b + offset ) );

28 } /* end for */

29

30 /* output array b using bPtr and array subscript notation */

31 printf( "\nPointer subscript notation\n" );

32

33 /* loop through array b */ bPtr|

34 | for (1 =051 <4; i+ ) { bPtr|

35 printf( "brtr[ %d 1 = %d\n", i, bPtr[ i 1 ); bPtr|

36 } /* end for */ bPtr|

37

38 /* output array b using bPtr and pointer/offset notation */

39 printf( "\nPointer/offset notation\n" );

40

41 /* loop through array b */

42 for ( offset = 0; offset < 4; offset++ ) {

43 printf( "*(C bptr + %d ) = %d\n", offset, *( bPtr + offset ) );

44 } /* end for */

45

;13 return 0; /* indicates successful term o0y =10

48 } /* end main */ el
+ 2 ) = 30
+ 3 ) = 40

© Copyright by Deitel
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Array b printed with:
Array subscript notation

b[L 0] =10
b[ 1] =20
b[ 2 ] =30
bl 31 =40

Pointer/offset notation where
the pointer 1is the array name

*(Cb+0) =10
*(b+1) =20
*(Cb+2) =30
*Cb+3) =40

Pointer subscript notation

bPptr[ 0 ] = 10

bPptr[ 1 ] = 20

bPptr[ 2 ] = 30

bPtr[ 3 ] = 40
Pointer/offset notation
*C bPtr + 0 ) = 10
*(CbrPtr + 1) = 20
*CbPtr + 2 ) = 30

*(C bPtr + 3 ) = 40

© Copyright by Deitel
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Copying a String Using Array Notation and Pointer Notation

© 00 N oo o B~ W N P
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24

/* Fig. 7.21: fig07_21.c
Copying a string using array notation and pointer notation. */ 2)

#include <stdio.h>

fig07_21.c (Part 1 of

-
FERE string2 AEIEFF - THiTE—{E 15 A EE

void copyl( char *sl, const char *s2 ); /* prototype */ 5] "Hello" FYF5HE -

i % % - /% % X U
void copy2( char *sl, const char *s2 ); /* prototype */ Jﬁt)}% Hello" );_Zstrmgél %@%{Tﬂi o
int main() /

{
char stringl[ 10 ]; /* create array stringl */
char *string2 = "Hello"; /* create a pointer to a string */
char string3[ 10 ]; /* create array string3 */
char string4[] = "Good Bye"; /* create a pointer to a string */

copyl( stringl, string2 );

printf( "stringl = %s\n", stringl ); 1E B Stringl M1 “Hello” = e P HY b E (5 21 pl 8

copy2( string3, string4 );

copyl tf = [ string? siliE"Hello” 525 AY ML -

printf( "string3 = %s\n", string3 );

return 0; /* indicates successful termination */

} /* end main */
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25 /* copy s2 to sl using array notation */ 65

26 |void copyl( char *sl, const char *s2

27 |{ FELE s1 A1 s2 AL EFEAEE T - o0 RIRA 3 pREH
28 int 1; /* counter */ %E@f@iﬂ: 3
29

30 /* Toop through strings */

31| for (=05 (SL[i1=8s2[41) = "\0"; i++) |
or &1 L= st i fig07_21.c (Part 2 of

32 ; /¥ do nothing in body */

33 } /* end for */ 2)

34

35|} /* end function copyl */ EUCIZTE%_%%@E s2[i] B@?ﬁ%ﬁ%?” s1[i] Eai
36 kﬁ?ﬂ?ﬁ:%ﬁi(\o) R Ay Lk o

37 /* copy s2 to sl using pointer notation */

38 [void copy2( char *sl, const char *s2 )

39 | {

40 /* Toop through strings */l

41 for ( ; ( *sl =%*s2 ) I= "\0"; sl++, s2++ ) {

42 ; /* do nothing in body */

43 } /* end for */

44

45 |} /* end function copy2 */

stringl = Hello Program Output
string3 = Good Bye
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Arrays of Pointers

e An array can contain pointers (f512fH%1) as its elements

* For example: an array of strings

const char *suit|[ 4
"Clubs",

"Spades"

1 = {
};

"Hearts'",

"Diamonds",

' 3d
¢h

- suit[4] SH—ESUETTRAVFEERRS] - {ERf5H const char, i.e., the

strings pointed by each element pointer cannot be modified (const).

- Each pointer points to the first character of a string (or an array of char).

- The strings are not actually stored in the array suit, only pointers to the
strings are stored in this array.

)
suit[0] e———» 'H' ‘e
suit[l] e—— 'D' "1
suit[2] e——» 'C' 1!
suit[3] e—» 'S’ 'p'

& (

)~ e
——
—
—
——

) o ® ( )

1 |\0|

1 ld! ISI

I\OI

1 |\O|

¢ (

I\OI

— suit array has a fixed size (4, in this case), but strings can be of any size
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http://en.wikipedia.org/wiki/diamonds(suit)
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The Advantage of Pointer Arrays

The suits could have been placed into a two-
dimensional array in which each row would
represent one suit, and each column would
represent one of the letters of a suit name.

Such a data structure would have to have a fixed
number of columns per row, and that number
would have to be as large as the longest string.

Therefore, considerable memory could be wasted
when a large number of strings being stored
with most strings shorter than the longest
string.
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Case Study: A Card Shuffling and Dealing
Simulation

Card shuffling program

1. Use two (2) pointer arrays to store strings for suits and faces

2. Use another double-scripted regular array (suit (), face
(EBLEEY) ) to represent a full deck of cards

v o 8 = S = o L 8w
g 2 E 2 283882 &8R4 ¢
o 1 2 3 4 5 o6 7 8 9 10 11 12

Hearts O

Diamonds 1

Clubs 2

Spades 3 /

deck[2] [12] represents the King of Clubs

Clubs King
3. The numbers 1-52 go into the array, representing the order
in which the cards are dealt

© Copyright by Deitel



Case Study: A Card Shuffling and Dealing

Simulation

e Pseudocode
- Top level:

Shuffle (/) and deal (#5/4) 52 cards

— First refinement:

© Copyright by Deitel

Initialize the suit array ( pointer array, *suit[4] )
Initialize the face array ( pointer array, *face[13] )

Initialize the deck array ( reqular array, deck[4][13] )
Shuffle the deck
Deal 52 cards

69



70

Case Study: A Card Shuffling and Dealing

Simulation
- Second refinement

* Convert shuffle the deck to
For each of the 52 cards
Place card number (order) in randomly selected
unoccupied slot of deck
* Convert deal 52 cards to
Consider each of the 52 card numbers in sequential order

Find card number in deck array and print face and suit
of card
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Case Study: A Card Shuffling and Dealing

Simulation

— Third refinement
* Convert shuffle the deck to
Choose slot of deck randomly
If the chosen slot of deck has been previously chosen,
then choose another slot of deck randomly
If not, place card number in chosen slot of deck

* Convert deal 52 cards sequentially to
For each slot of the deck array
If slot contains card number
Print the face and suit of the card

© Copyright by Deitel
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

/* Fig. 7.24: fig07_24.c
card shuffling dealing program */
#include <stdio.h>
#include <stdlib.h>
#include <time.h>

/* prototypes */

void shuffle( int wbeck[]l[ 13 ] );

void deal( const int wDeck[]J[ 13 ], const char *wFacel[],
const char *wsuit[] );

int mainQ

{

/¥ initialize suit array */

const char *suit[ 4 1 = { "Hearts", "Diamonds", "Clubs", "Spades" };

/* initialize face array */

const char *face[ 13 ] =
{ "Ace", "Deuce", "Three", "Four",
"Five", "six", "seven", "Eight",
"Nine", "Ten", "Jack", "Queen", "King" };

/* initialize deck array */

%H%‘ deck F‘ﬁ 75 ﬁ?gﬁ% 0 Spades

© Copyright by Deitel

int deck[ 4 J[ 131 =9{0}; | Hearts 0
Diamonds 1
Clubs 2

3

© Ace

~  Two

r~  Three

72

fig07_24.c (Part 1 of

S = o ém
= =

225385 E8E8 G ¢
3 4 5 6 7 8 9 10 11 12

/

deck[2][12] represents the King of Clubs

Clubs King



26
27
28
29
30
31
32
33
34

73

srand( time( 0 ) ); /* seed random-number generator */ figO7_24.c (Part 2 of
4)

shuffle( deck );

deal( deck, face, suit ); <[ [@Du/ﬁ[ﬁﬁﬁ shuffle E'—'ﬂ’ééﬁﬁ deal @[%& }

return 0; /* indicates successful termination */

} /* end main */
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Shuffle JEhHFE

35 /* shuffle cards in deck */
36 void shuffle( int wbeck[][ 13 ] )

74

fig07_24.c (Part 3 of
4)

37 {
38 int row; /* row number */
39 int column; /* column number */
40 int card; /¥ counter */
n T e E R 2 wDeck [EYIFYE
42 /* for each of the 52 cards, choose slot of deck randomly */ %KEQE\Z 0;
43 for ( card = 1; card <= 52; card++ ) { . NSRS .
45 /* choose new random location until unoccupied slot found */
o do 1 HY wDeck [#H7I[FHE{E 2 0 AYF:
47 row = rand() % 4; —{ETE
48 column = rand() % 13; G Py Voot =
49 } while( wbeck[ row ][ column ] != 0 ); /* end do...while */ | AT L BA
50
51 /* place card number in chosen slot of deck */
52 wbeck[ row ][ column ] = card; [¢
53 } /* end for */ © E - o S w
54 £ EE 28 x 3258 %5 ¢S
55 } /* end function shuffle */ 0 1 2 3 4 5 6 7 8 9 10 11 12
Hearts 0
56
Diamonds 1
Clubs 2
Spades 3

© Copyright by Deitel

/

deck[2][12] represents the King of Clubs

Clubs King



57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

86

Deal ( Z£k8 ) F£2=

/* deal cards in deck */
void deal( const int wbeck[][ 13 ], const char *wFace[],
const char *wsuit[] )

int card; /* card counter */
int row; /* row counter */
int column; /* column counter */

75

fig07_24.c (Part 4 of
4)

/* deal each of the 52 cards */
for ( card = 1; card <= 52; card++ ) {

A v i)

LS 1SRRG - S5EIE 52 TR ; }

/* Toop through rows of wbeck */

for ( row = 0; row <= 3; row++ ) {

/* Toop through columns of wbeck for current row */

for ( column = 0; column <= 12; column++ ) {

/* if slot contains current card, display card */

if ( wbeck[ row J[ column ] == card ) {
printf( "%5s of %-8s%c", wFace[ column ], wSuit[ row ],
|card %2 =07 "'\n": "\t')D;
} /* end if */

} /* end for */

} /* end for */

55 card HIERAETFHE (row ?
And column?) ; I FI|FH wFace
Je wSuit £ ] R BEEL K fE
ﬁé‘o

} /* end for */

} /* end function deal */



Nine
Queen
Queen

King

Jack
Seven
Three
Three
Queen

Six
Ace

Nine
Eight
Deuce
Deuce

Four

Four
Seven

King

Jack

Jack
Eight

Ace

Four

King
Three

of
of
of

of
of
of
of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of

of

Hearts
Spades
Hearts
Hearts
Diamonds
Hearts
Clubs
Diamonds
Diamonds
Diamonds
Spades
Diamonds
Spades
Clubs
Spades
Clubs
Spades
Diamonds
Spades
Hearts
Spades
Diamonds
Diamonds
Hearts
Diamonds
Hearts
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Five
Three
Ace
Six
Five
King
Eight
Four
Five
Five
Six
Queen
Nine
Six
Jack
Eight
Seven
Seven
Ten
Ace
Ten
Deuce
Nine
Deuce
Ten
Ten

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

Clubs
Spades
Clubs
Spades
Spades
Clubs
Hearts
Diamonds
Diamonds
Hearts
Hearts
Clubs
Clubs
Clubs
Clubs
Clubs
Spades
Clubs
Diamonds
Hearts
Clubs
Diamonds
Spades
Hearts
Spades
Hearts

Program Output
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7

Pointers to Functions

* Pointer to function

AU AR > 7 e & R Paid 1 Ss —(E (S5 My 0) HITERAE
AU IR THYALE - FAGIEY S LR R P S AR S

e F B 41§ o Similar to how array name is address of
first element, function name is starting address of code that
defines function

dp WA ] IS RIS (function) 15 [R eSS » BEETE HIEHEY
A2 3" #5 (L L e RS PR aRHYALIL -

Contains address of function

e Pointer to functioni{g—RHYTEIREEE » T DL

Passed to functions

Returned from functions

Stored in arrays

Assigned to other function pointers
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Pointers to Functions

Example: bubblesort

© Copyright by Deitel

void bubble( int work[], const int size, int
(*compare) ( int a, int b ) )
Function bubble takes a function pointer: compare
bubble calls this helper function which determines
ascending or descending sorting
The argument in bubblesort for the function
pointer:
int (*compare) ( int a, int b )

tells bubblesort to expect a pointer to a function that takes
two ints and returns an int ([2[{HELE])

FEfEE (*compare) E1HiE ° T
1. R —{FE ek g sk
2. JI{&] ' compare’ ={[EpHETEIE

78



Pointers to Functions

Example: bubblesort
— void bubble( int work[], const int size, int

(*compare) ( int a, int b ) )

YR (*compare) JZHFEHE » Al °

int *compare( int a, int b )

Defines a function that receives two integers and returns a
pointer to a int » 5 EEH —(H compare HYJrH#L
2 (I B RN E R 2L (R -

© Copyright by Deitel
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Multipurpose Sorting Program Using Function Pointers

/* Fig. 7.26: fig07_26.c

Multipurpose sorting program using function pointers */
#include <stdio.h>
#define S1zE 10

/* prototypes */

© o0 ~N oo o1 B W N e

void bubble( int work[], const int size, int (*compare)( int a, int b ) );
int ascending( int a, int b );
int descending( int a, int b );

I N R R R e N T e T i o i
W N P O © 00 N o O b W N -k O

24

int main()

{
int order; /* 1 for ascending order or 2 for descending order */
int counter; /* counter */

/* initialize array a */
int a[ s1ze ] = { 2, 6, 4, 8, 10, 12, 89, 68, 45, 37 };

80

fig07_26.c (Part 1 of

4)

printf( "Enter 1 to sort in ascending order,\n"
"Enter 2 to sort in descending order: " ); A
scanf( "%d", &order );

order = 1 2 &S

AW
DA\
=]

mEd - BXgRrARZE R s

order = 2 ‘ZIE K °

printf( "\nData items in original order\n" );
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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
50
51

/* output original array */ 81
for ( counter = 0; counter < SIZE; counter++ ) {
printf( "%5d", a[ counter ] );

} /* end for */ )
fig07_26.c (Part 2 of

4)

/* sort array in ascending order; pass function ascending as an
argument to specify ascending sorting order */

if ( order == 1 ) {

bubble( a, SIzE, ascending ); ST L s apips
printf( "\nData items in Zscending order\n" ); ﬁ[[%‘%%ﬁiﬂ’\]ﬁjﬂ' : Edﬁﬂyju
. ' ascending = pHE © ZA NG
} /* end if */ 0l descending o« SP45
else { /* pass function descending */ X & & .?? e
ascending & descending 7= [

bubble( a, s1zE, descending ); ﬂﬁf{%ﬁ%ﬂﬁaﬁ?@%{mf@ﬁt
R RE 4 B 3 °

printf( "\nbData items in descending order\n" );
} /* end else */

/* output sorted array */

for ( counter = 0; counter < SIZE; counter++ ) {
printf( "%5d", a[ counter ] );

} /* end for */

printf( "\n" );

return 0; /* indicates successful termination */

} /* end main */
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52 /* multipurpose bubble sort; parameter compare is a pointer to 82

fig07_26.c (Part 3 of

56 the comparison function that determines sorting order */

54| void bubble( int work[], const int size, int (*compare)\( int a, int b ) )

55 { 4)

56 int pass; /* pass counter */

57 int count; /* comparison counter */ B IA B AHE AR A R hE (PR B A1)
58 » Bl ImL A FE 1S (pointer) SR EBEUL
59 void swap( int *elementlPtr, int *element2ptr ); /* prototype */ o Eﬁ%ﬁfﬁ% compare %_{

60

=1 (=1 1B (PSS @FaTsE ses

61 /* loop to control passes */ ﬁ%) s TEANEMEET o b
62 for ( pass = 1; pass < size; pass++ ) { KKEE@@%{%%W—T -
63

64 /* Toop to control number of comparisons per pass */

65 for ( count = 0; count < size - 1; count++ ) {

66

67 /* if adjacent elements are out of order, swap them */

68 if ( (*compare) ( work[ count ], work[ count + 1 ] ) ) {

69 swap( &work[ count ], &work[ count + 1 ] );

70 } /* end if */

71

72 } /* end for */

73

74 } /* end for */

75

76 } /* end function bubble */

77
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78 /* swap values at memory locations to which elementlPtr and 83
79 element2Ptr point */

80| void swap( int *elementlPtr, int *element2Ptr )

81| { .

82 int hold; /* temporary holding variable */ flgO7—26'C (Part 4 of
83 4)

84 hold = *elementlPtr;

85 *elementlPtr = *element2Ptr;

86 *element2Ptr = hold;

87| } /* end function swap */

88

89| /* determine whether elements are out of order for an ascending

90 order sort */

91| int ascending( int a, int b )

92| { = b <aZEHYEL 0 return 'true' > HELE
93 return b < a; /* swap if b is less than a */ ot return 1 (ascending = 1) [H]Z o

94

95| } /* end function ascending */

96

97| /* determine whether elements are out of order for a descending

98 order sort */

99| int descending( int a, int b )

100 {

101 return b > a; /* swap if b is greater than a */

102

108 } /* end function descending */

©

Copyright by Deitel



Enter 1 to
Enter 2 to

Data items
2 6
Data items
2 4

Enter 1 to
Enter 2 to

Data items
2 6
Data items
89 68

sort in ascending order,

sort in descending order:

in original order

4 8 10 12 89
in ascending order

6 8 10 12 37

sort in ascending order,

sort in descending order:

in original order

4 8 10 12 89
in descending order

45 37 12 10 8

© Copyright by Deitel

68

45

68

45

68

45

37

89

37

Program Output
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Review

* In this chapter, we have learned:
- How to use pointers.

- How to use pointers to pass arguments to
functions using call by reference.

- To understand the close relationships among
pointers, arrays and strings.

- To understand the use of pointers to functions.
- How to define and use arrays of strings.

1S aPu o
IEERE By — | #&a gyt 2] 2 (93
Bg{ﬁﬁt o T—
e a gOfirtt
RIS AO (L - 3 o
B REIRUNAS f81R aPu fEAEH a

© Copyright by Deitel



Exercises

Find the error in each of the following program segments. If the error can be corrected,
explain how.

a) int *number;
printf( "%$d\n", *number );
ANS: number has not been assigned to point to a location in memory.

b) float *realPtr;
long *integerPtr;
integerPtr = realPtr;
ANS: A pointer cannot be assigned to a different type, other than void *.

c) int * x, y;
X =Y/

ANS: There are two d}Dossible solutions. 1) The indirection operator (*) is not
distributive and would be required for y, which would result in a valid

pointer assignment. 2) y as it 1s defined is a valid integer variable, and
would require the address operator (&) in the pointer assignment

statement.

d) char s[] = "this is a character array";
int count;
for ( ; *s !'= '"\0'; s++)

printf( "%c ", *s );
ANS: s should be defined as char *, a constant pointer cannot be moved.
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o 87
Exercises

e) short *numPtr, result;
void *genericPtr = numPtr;
result = *genericPtr + 7;

ANS: HA S EATE G FE genericPtr ik VEEAIRE » 7L *genericPtr BB AR

H o A void * pointer cannot be dereferenced.

f) float x = 19.34;
float xPtr = &x;
printf( "$f\n", xPtr );
ANS: xPtr is not defined as a pointer so it should be dereferenced as well.

g) char *s;

printf( "%$s\n", s );
ANS: s has not been assigned a value, it does not point to anything.
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