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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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7.1 Introduction

* Pointers
- Powerful, but difficult to master
- Simulate call-by-reference
- Close relationship with arrays and strings

* Pointer Variables ( mwm@g@

- Contain memory addresses as their values

- Normal variables contain a specific value (direct

reference), e.g,a=7

- Pointers contain address of a variable that has a
specific value (indirect reference)

- Indirection - referencing a pointer value
aPtr a

o1
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7.2 Pointer Variable - Definitions and

Initialization
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7.2 Pointer Variable - Definitions and
Initialization
¢ Pointer Definitions

* used with pointer variables ( Jr| i |E1j E EPER )
int *aPtr;

- "aPtr is a pointer which points to an integer."

- Defines a pointer to anint (pointer of type int* )

- Multiple pointers require using a * before each variable
definition (&~ [ RBELT IJ?B )
int *myPtrl, *myPtr2;
- Pointers can be defined to point to objects of any data

type.
- A R pjm[v[ FERLFS Al i
E‘fﬁg‘gﬁ/ﬁ/ﬁ Tbﬂl‘g’i J/I*Ew v Jf[ﬂ AR lﬂ*’ﬂl“[

- Initialize pomters to 0, NULL, or an address
* 0 or NULL- points to nothing (NULL preferred)
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7.3 Pointer Operators
& (Address Operator i JHE Fr=")

- Returns address of operand
inty =5;
int *yPtr;
yPtr = &y; /*yPtr gets address of y */
- Means yPtr ”pomts to” y (?ﬁ@@%\f yPtr ﬁ[ﬂj >
HERL yPtr REFPURL y pUBSHD)
- R F[Ejjlﬁ}f‘—yjd’ﬁl[fl%l[_'@gf
inty = 5;
int *yPtr = &y;

yPtr y yPtr y
Tocation Tocation
—» 5
500000 00000 600000 J
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7.3 Pointer Operators

« * (Indirection/Dereferencing Operator {Af-V {ifi i

=)
E—T Returns a synonym/alias of what its operand points to
E' yPtr mﬁ;{@ R > yPr EL Yy Tk :;l]w?.?ﬁlf[ b
*yPtr  HI[jEL Ty W}F b fi=0 fifr ( tl{ i)
yPtr returns y (because yPtr points to y)
— * can be used for assignment
* Returns alias to an object
*yPtr =7; /*changesyto7*
- Dereferenced pointer (operand of * ) must be an Ivalue (no
constants)
e * and &are inverses

- &f\_‘?v R AR * PIRLVR :tl['éi’lﬁ‘ﬁ"ﬂ‘ R R o A

- They cancel each other out
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Using the & And * Operators

fig07_04.c
1 /* Fig. 7.4: fig07_04.c 1SR aPtr B a
2 Using the & and * operators */ . -
3 #include <stdio.h> ggﬁi@jgg R0 a GO B 0
4 B a GOt
5 dnt mainQ RIBISERBE MO - ”
6 1 EUTHHBBNAS 5% o iSRS 2
7 int a; /* a is an integer */
[ |:I

8 int *aptr; /* aPtr is a pointer to an integer */ [I H—‘Fh ‘Hﬁ f' ﬁ\—ﬁ' I
9

|nt *aPtr = &a,;
10 a=7;
11 aPtr = &a; /* aPtr set to address of a */ T e G A e
12 , value of aPtr . i= fiF{[ =i
13 printf( "The address of a is %p" 5] %

= 0

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

The * operator returns an

16 printf( "\n\nThe value of a is %d" alias to what its operand

17 "\nThe value of *apPtr is %d", a, *aPtr ); «— points to. aPtr points toa,
= so *aPtr - returns a.
19 printf( "\n\nShowing that * and & are complements of "
20 "each other\n&*aPtr = %p"
Notice how * and &
21 "\n*&aPtr = %p\n", &*aPtr, *&aPtr ); :
are immverses
22
23 return 0; /* indicates successful termination */

24
25 } /* end main */




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

The value of ais 7
The value of *aPtr is 7

Showing that * and & are complements of each other.
&*aPtr = 0012FF7C
*&aPtr = 0012FF7C

Program Output

7.3 Pointer Operators

O n left to right highest
- - L& (e right to left unary
* /0% left to right multiplicative
+ - left to right additive
< <= s>= left to right relational
= I= left to right equality
&& left to right logical AND
I left to right logical OR
?: right to left conditional
= 4= -= *= /= %= right to left assignment
5 left to right comma
Fig. 7.5 | Operator precedence and associativity.
© Copyright by Deitel © Copyright by Deitel
< =
S s
I* TF’,@&I}Q& {'Em?? testPointer.c */
#include <stdio.h> M7 - EEEMLOVIBA, (&a=FF6C » &b= FF68)
int main() 7% | B a b ptrl |[*ptrl | ptr2 |*ptr2
int a=5,b=10: 06 | int a=5,b=10; 5 10
int *ptrl, *ptr2; . B 07 | int *ptrl,*ptr2; 5 10 BE | RE | BE | BE
ptrl =&a; 1* ptrl Ehafiy i - */
P e p ’%ptrz %F,J,+ e 08 | ptri-cas 5 | 10 |rrec | 5 | @@ | @@
*ptri=7; I* }{jptrl if‘ FIEYT f%'“tw */ 09 | ptr2=sb; 5 10 FF6C 5 FF68 10
*ptr2 = 30 " o) £,
aptr2: 13;2 /*/ ptr2 il [FIFVP T RS2/ 10 | *ptri=7; 7 10 |Frec | 7 | FFes | 10
ptrl = ptr2; I* %“@ptrl ptr2 */ 11 | *ptr2=32; 7 32 FF6C 7 FF68 32
*ptrl = 9; I* K ptrl }"[ﬂ P A ZRER9 */ 1A,
ol - e - gl tﬁzapw - 12 | a=17; 17 32 | Fréc | 17 | FFe8 | 32
a =64 1* %’—Latﬂ,&l */ 13 | ptrl=ptr2; 17 32 FF68 32 FF68 32
prz=Cpul+s N P2 HRIRT s 14 | *ptri=9; 17 o |rres | o |rFres | o
ptr2 = &a; * }{-]ptr2 t’é,apin %/ prr =7
15 | ptrl=sa; 17 9 FF6C 17 FF68 9
printf("a=%32d, b=%2d, *ptr1=%2d, *ptr2=%2d\n",a,b,* ptrl,*ptr2); 16 | a=64; 64 9 FF6C 64 FF68 9
printf("ptrl=%p, ptr2=%p\n",ptrl,ptr2);
17 | *ptr2=*ptrl+5; 64 69 | FFéC | 64 FF68 | 69
) return 0; 18 | ptr2=sa; 64 69 FF6C 64 FF6C 64
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s Call by Value - Example
3 . s
[ \W??/Il I e RS BE C FIF IR
BB a b ptr *ptr #include <stdio.h>
1 |inta=12,b=7; 12 7 void add10(int,int); *add10()  FYRE
2 |int *ptr; 12 7 i{nt main()
3 | ptr =&a; 12 7 FF7C 12 int a=3,b=5; I ;é{f,]}i.ﬁﬁ’@ﬂ?a‘%’b *
4 |*ptr =19; 19 7 FF7C 19 it (" pEa0d100. V) )
5 |ptr =&b: 19 7 FE78 7 printf (“a =9%2d, b = %2d\n", a, b ); /* Hltta b+
6 |b=16 19 16 FF78 16 add10(a,b);
7 | *ptr =12; 19 12 FF78 12 prin (* pETIgadd00 Vi), )
8 |a=17; 17 12 EE78 12 printf ("a=%2d, b = %2d\n", a, b ); /* Hita ~ bﬂ‘lf@ */
9 |[ptr =&a; 17 12 FF7C 17 return O; P—PL]"}*@?Hdle() ’VFIJ a=3,b=5
10 |a=b; 12 12 FF7C 12 ' | . ?Jﬁf,r;;gd"dlﬁ(')' Vaa 2 P
11 | *ptr =63; 63 12 EE7C 63 z/md add10(int a,int b)
a=a+10; I* a0 & > BpliGa */
b=b+10; I* h@swp@ P .z Fi[f[rl'alLb */
printf (" il add10 fr: o ) i »
printf ("a=%2d, b =%2d\n", a, b); /* FHltha ~ bpufg */
}
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Call by Address - Example . )
‘ _ _ 7.4 Calling Functions by Reference
I eI BE C SRS
#include <stdio.h> * Call by Reference with Pointer Arguments
void add10(int *,int *); I*add10()  PYRE] - jf’F’,ifﬂFl’ r) i‘ijygﬁ* fEE > S @ﬁgmﬁﬁ [f[lfF‘[
int main( - PII?F@% E; ?[EJWJ [ (argument )i [t & [ Jfi }‘H A i
{ int a=3,b=5; I* _'?T—'ﬂﬁ&ﬁ“ﬂﬂ?ﬁ?b */ EHH.{ ‘.}‘QV‘F ' P [[ = 7 = e
f - iy EJVT“%WF'”IEG'J o GV F SR i
Brint (2= o420, b oozt B, b Fla ~ bRV 1 R *ﬁ" A
" - IR m@ﬁﬁiﬂ SRR » A LI
adofea sy Jpw St o A s B O -
print (" pEPEaddI0) Vi) - R A 0['%[61 PRI /IJF“ﬁp ISR &
printf ("a = %2d, b = %2d\n", a, b ); /* Fltta ~ bfufl */ Pdtv‘ [gﬁ‘, /[ [I;g¢ J,ﬁ“}\:f_f’ifﬁ 7o
N number ,ﬁ_?}‘“#ﬂﬁgr g
, rme A Tl A * * Operator A= S
i a 1. *a * . . . B
_ o p-meﬂ(addlg() Vi a=13,b=15 - Used as alias/nickname for variable in:
(o sddontamt ) void double( int *number )
*a=*a+10; {
*h = *b + 10; *number = 2 * ( *number );
printf (" it add10 fi o "); } ﬁumber ﬁ#ﬂf?j i A S
i "*a = %, *h =0 "okg K ) [* FIH A - *h Bl * . :
} priné (e =z, "o = vezdin T 7a o) Rt ~"b gt 71 - *number used as nickname for the variable passed
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Cube a Variable using Call-by-Value

1 /* Fig. 7.6: fig07_06.c

2 Cube a variable using call-by-value */ figO7 06.c
3 #include <stdio.h>

4

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

6

7 |int mainQ M
8 [{ numberl = cubeByValue( number );

9 int number = 5; /* dinitiali Hﬁ » AT Hl number gclyﬁ@ﬁﬁ?&)_/
10

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

12

13 /* pass number by value to cubeByvalue b

14 ‘ number = cubeByvalue( number ); ‘

i

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

17

18 return 0; /* dindicates successful termination */

19

20| } /* end main */

21

22| /* calculate and return cube of integer argument */

23| int cubeByvalue( int n )

24| {

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

26

27|} /* end function cubeByvalue */

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

FhF=ffpe s C
value g fifi[t -

TR
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Program Output

1 O 2] call-by-
“jFr\H:— - lﬁ’@‘@ﬁwlﬂ

1 /* Fig. 7.7: fig07_07.c

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

o . Notice that the function prototype

: Cloelieh S A takes a pointer to an integer. figo7_07.c

6 void cubeByReference( int *nPtr ); /* prototype */

7

8 1int mainQ

9 {

10 int number = 5; /* initialize number */

11

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

13

14 /* pass address of number to cubeByReference */

15 cubeByReference( &number ); T I number lf_—'_lﬁa@%ﬁufl [EVEEL b 41
£ [ 8y cubeByReference 1 » [FE(HE
17 printf( "\nThe new value of number is %d\n", number ); q';rﬁggj@(r,u i rﬁ,} pointer (an address of
= a variable) -

19 return 0; /* indicates successful termination */

20

21 } /* end main */

22

[N P v nPtr B pointer
(int *nPtr ) feEp U o Y
1« e Al e
ﬁﬁl& l’: Ft'ﬁ?'ﬂﬁu];gjul
EIEISZ"J RIS, ZZ,I‘f‘ﬁ‘I—iﬂ Hd= hHI
number {1966 g B S A
number pu;gjwﬁlcm B

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

25| {

26 *nPtr = *nPtr * *nPtr * *nPtr; /* cube *nPtr */

27|} /* end function cubeByReference */

© Copyright by Deitel

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

ph=fyp s C &

reference {2 {i

i
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Program Output

[F LJ?} E}F‘E' | call-by-
PN At e e




Step I: Before main calls cubeByValue:

Step 3: After cubeByValue cubes parameter n and before cubeByVaTlue returns to main:

. . . . . int main( void ) number int cubeByvalue( int n )
znt main( void ) number Ent cubeByvalue( int n ) ‘ ‘ s
i =5 5
int number = 5; 5 return n * n * n; int number = 5; return n * n * n;
¥ } n
number = cubeByValue( number ); n number = cubeByValue( number );
¥ undefined } 5
Step 2: After cubeByVaTue receives the call: Step 4: After cubeByValue returns to main and before assigning the result to number:
int main( void ) number int cubeByValue( int n ) int main( void ) number int cubeByValue( int n )
{ {
{ {
i = 5- 5 % . int number = 5; 5 return n * n * n;
int number = 5; ) return n n * n; 125 '
n
number = cubeByValue( number ); " number = cubeByValue( number );
1 5 ¥ undefined
Fig. 7.8 | Analysis of a typical call-by-value. (Part | of 3.) Fig. 7.8 | Analysis of a typical call-by-value. (Part 2 of 3.)
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Step I: Before main calls cubeByReference:
:{nt main( void ) number \{/o1d cubeByReference( int *nPtr )
int number = 5; 5 *nPtr = *nPtr * *nPtr * *nPtr;
¥ nPtr
cubeByReference( &number );
3 undefined
Step 5: After main completes the assignment to number: Step 2: After cubeByReference receives the call and before *nPtr is cubed:
int main( void ) number int cubeByvalue( int n ) int main( void ) number void cubeByReference( int *nPtr )
{ { { {
int number = 5; 125 return n * n * n; int number = 5; 5 *nPtr = *nPtr * *nPtr * *nPtr;
125 125 ¥ n }
number = cubeByValue( number ); cubeByReference( &number ); \ nPer
3 LA - undefined } call establishes this pointer

Fig. 7.8 | Analysis of a typical call-by-value. (Part 3 of 3.)
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Step 3: After *nPtr is cubed and before program control returns to main:

;nt main( void ) number
int number = °; 125
cubeByReference( &number ); \

}

void cubeByReference( int *nPtr )
{ 125

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

called function modifies caller’s
variable

©copyrigFig. 7.9 | Analysis of a typical call-by-reference with a pointer argument.




7.5 Using the const Qualifier with Pointers

e const Qualifier
- Variable cannot be changed (Rg¢fV (i = <> » [JwY E’fﬁ’@@
- Use const if function does not need to change a variable
- Attempting to change a const variable produces an error
e const Pointers
- Point to a constant memory location (Fl'?fF’,{'IJEIUi*’ﬂiLFT fefEs | )
- ]fvhé_ﬁ; be initialized when defined (7 ;ELIf | B gk 24 Eﬁﬁp 1o SRR (R
— int *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
o |’ myPtr 1% const pointer > F71 | myPtr ( Eﬁfﬁ('quf’ﬂ'ﬂ ) e
TR yPe = ol AR LA
— const int *myPtr = &x;
* "myPtr is a pointer which points to a constant integer."
¢ Regular pointer to a const int
o [ *myPtr ( '—'!’T‘j#’,[mglf@ﬁ@ ) jjjia'ﬁé‘ > [ myPtr £i— 4& pointer
o Frlf x iy @7}] Il pointer #3d¥i@ > *myPtr =7 &;@%‘Eﬁéi}“g CUZRISERL o
— const int *const Ptr = &x;
* '"Ptris a constant pointer which points to a constant integer."
o [ Ptr =® *Pir f{ﬁ\ﬁiﬂﬁ@‘ﬁ !
e const pointer to a const int
e X can be changed, but not *Ptr
o PRI x =70 B PUERSEL 7 5 ([T RS P =7,

© Copyright by Deitel

Converting Lowercase Letters to Uppercase Letters
Using a Non-constant pointer to Non-constant Data

1 /* Fig. 7.10: fig07_10.c figO7 10.c (Part 1 of
2 Converting lowercase letters to uppercase letters 2) -

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

4 ﬁ@?“ﬁ#lﬂ“p&rlw Ry A R A1 B E
Eeinclltd el st.dagh = [ 7 AL RERYEH L islower, toupper i 'F%TE["JU
6| #include <ctype.h> #include <ctype.h>

7

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

9

10 +dint mainQ

11 {

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

z R string AL % ] - iF | (ks
14 printf( "The string before conversion is: %s", string ); FEPHE}'IE‘VT'(H[5@%7\%@%!‘{[ & o iE

15 convertTouppercase( string ); ’E { ?ﬁ?@iﬂ‘fﬂu !
16 printf( "\nThe string after conversion is: %s\n", string );
17
18 return 0; /* indicates successful termination */
e ' lude <stdlib.h>
p include <stalio.
zi b 4 Gl LR Y #include <time.h>

#include <math.h>
#include <ctype.h>
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22 /* convert string to uppercase letters */

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

29 } /* end if */ ++sPtr ¢ RIEEE - (TR B
30 //ﬁy
31 ++sPtr; /* move sPtr to the next character */—

32 } /* end while */

83!

34 } /* end function convertToUppercase */

Il E | [ TR 7 P B (ﬁﬁ,?‘ )| #include <ctype.h>)
islower
toupper

T Frseg op” F'Llﬁﬁ » EGE VY [kl A L string [[IS5T- (7 SV
Byl L) FREROY (B T e P 8 R BIRERR g, o A
Fchar *sPtr | LI sPHr Eiﬂp‘mﬂ; Rl string - Y- fW A
PPl ] *sPUr B“x}ﬁﬂﬁf«jf’:tﬁfrﬁfflfﬂ“ﬁ (Rl Tey; Th, Ta

) Wkt

The string before conversion is: characters and $32.98
The string after conversion is: CHARACTERS AND $32.98

© Copyright by Deitel

Printing a String One Character at a Time Using a
Non-Constant Point to Constant Data

/* Fig. 7.11: fig07_11.c

fig07_11.c (Part 1 of
Printing a string one character at a time using 2)
a non-constant pointer to constant data */

1

2

8!

4

5 #include <stdio.h>
6

7 void printCharacters( const char *spPtr );
8

9

int mainQ)
10 {
11 /* initialize char array */
12 char string[] = "print characters of a string";
13

14 printf( "The string is:\n" );
15 ‘printcharacters( string ); ‘
16 printf( "\n" );

17

18 return 0; /* indicates successful termination */
19

20 } /* end main */

21
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22 /* sptr cannot modify the character to which it points,

1
23 i.e., sPtr is a "read-only" pointer */ &ﬂ—“ﬁ‘lgﬁllmﬁfﬁ SPtri— Q‘}JF‘[\
24 void printCharacters( const char *sptr ) AERERES > ;“F’[[ﬂjj:U* (i const char

Attempting to Modify Data Through a Non-

25 { GG *SPYr i) 3@ | = ffL Constant Pointer to Constant Data (007 12
26 /* loop through entire string */ it SPUrisiuE A (sPtr) 1T 1 /* Fig. 7.12: fig07_12.c 1907_L2.c
27 for ( ; *sptr != '\0'; sPtr++ ) { /* no initialization */ o o / 2 Attempting to modify data through a
28 printf( "%c", *sptr ); 3 non-constant pointer to constant data. */
2 } /* end for */ 4 #include <stdio.h>
30 5
31 } /* end function printCharacters */ fig07 11.c (Part 2 of 2) 6 void f( const int *xPtr ); /* prototype */
7
8 1int main(Q)
IR T b 2t
void printCharacters( char *const sPtr) W 90 /a5y
(12 Pt 2 1 _ _ —
12 fC &y ); /* f attempts illegal modification */‘
TS i
T 14 return 0; /* indicates successful termination */ ‘,‘illh‘f‘ng'gﬂ@lﬁl'fl XPtr £ — H el
— 15 Al ?ﬁ[ﬁﬁiﬂ“ (it const char ;dﬂ*‘
The string is: ; 16 } /* end main */ *XPtr oL g | ﬁﬁi@?\\f“
print characters of a string Program Output 17 *xPtr = 100 f}LF’H%TﬂSFﬁ?ﬂHU !
18 /* xPtr cannot be used to modify the
19 value of the variable to which it points */
20| void f( const int *xPtr )
21 {
22 *xPtr = 100; /* error: cannot modify a const object */
23 } /* end function f */
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Compiling. .. /% Fig. 7.13: fig07_13.c
FIG07_12.c Attempting to modify a constant pointer to non-constant data */
d:\book§\2003\chtp4\e)§amp1es\ch07\f-igo7_12.c(22) : error C2166: 1-value #include <stdio.h>
specifies const object
Error executing cl.exe. Program Output figo7_13.c

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

© Copyright by Deitel

{

int x; /* define x */

int y: 7+ define y *f ;‘Eﬁ’ﬁ "ptr is a constant pointer which points to a

integer." Changing *ptr is allowed - x doesn't
need to be a constant.

1
2
S
4
5 dint mainQ
6
7
8
9

10 /* ptr is a constant pointef to

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

12 int * const ptr = &x;

13

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

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

16 . 3

17 return 0; /* indicates successful termination */ Cha.ngmg ptl‘ e grror %
- ptrisa cpnstant pointer.

19 } /* end main */

Compiling...
FIG07_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)
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Attempting to Modify a Constant Pointer
to Constant Data

19
20
21

/* Fig. 7.14: fig07_14.c

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

#include <stdio.h>

int mainQ

{

fig07_14.c

int x = 5; /* initialize x */ not allowed.

;‘gﬁ’f | "ptr is a constant pointer which points to a
constant integer." Changing either *ptr or ptr is

int y; /* define y */

/* ptr is a constant pointer to a cpfistant integer. ptr always
points to the same location; e integer at that location
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

Compiling...

FIGO7_14.c

D:\books\2003\chtp4\Examples\ch07\FIG07_14.c(17) : error C2166:
specifies- const object

D:\books\2003\chtp4\Examples\ch07\FIG07_14.c(18) : error C2166:
specifies- const object

Error executing cl.exe.

FIG07_12.exe - 2 error(s), 0 warning(s)

© Copyright by Deitel

1-value

T-value

Program Output

Questions
#include <stdio.h>
int main()
{
int x =5; /*initialize x */

int *const ptr = &x;

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

*ptr =7,
return O;
}
Linking...

fig07_14.exe - 0 error(s), 0 warning(s)

© Copyright by Deitel

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...
fig07_14.c

m:\fig07_14.c(12) : error C2166: |-value specifies

Error executing cl.exe.

fig07_14.exe - 1 error(s), 0 warning(s)

© Copyright by Deitel

const object




Questions Questions

#include <stdio.h> #include <stdio.h>
int main() int main()
{ {
int x=5,y; int x=5;
const int *const ptr = &x; const int *const ptr = &x;
printf( "%d %p\n", *ptr, ptr ); X=7;
printf( "%d %p\n", *ptr, ptr );
*ptr =7,
ptr = &y; return 0;
return 0; }
} Linking...
fig07_14.c fig07_14.exe - 0 error(s), 0 warning(s)
m:\fig07_14.c(11) : error C2166: I-value specifies const object 7 0012FF7C
m:\fig07_14.c(12) : error C2166: I-value specifies const object Press any key to continue

Error executing cl.exe.
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. Function bubbleSort with Call-by-Value - Revi
7.6 Bubble Sort Using Call-by-reference HRCHOR DUDRIESOTE WItH Talbymatte - Review

135void bubblesort( int a[l )

. . 1364
* Implement Bubble Sort Using Pointers T RSN G e

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

- Swap two elements 140
141 /* loop to control number of passes */
— swap function must receive address (using &) of array 142 | for ( pass = 1; pass < SIZEj pass++ ) {
143
elements 144 /* loop to control number of comparisons per pass */
145 for ( j =0; j <s1zE - 15 j++ ) {
* Array elements have call-by-value default e 0 S T Ao ey, 1
. . . 148 ifCaljl>alj+11){
- Using pointers and the * operator, swap can switch 149 hold = af j 1;
) ¢ 150 aljl=alj+11;
array elements 151 al 5 +11 = hold;
152 } /* end if */
153
¢ PseUdOCOde 154 } /* end inner for */
T 55
Initialize array 156 |} /* end outer for */
157
print data in original order 158} /* end function bubblesort */
Call function bubblesort 1943/ end dinner for #/
print sorted array
Define bubblesort
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Bubble Sort with Call-by-Reference

T /7 Pk Valh FEMSBE _ fig07_15.c (Part 1 of R fig07_15.c (Part 2 of
2 This program puts values into an array, sorts the values into 3) 28 for (i =0; i < SIZE; i++ ) { 3)

3 ascending order, and prints the resulting array. */ 29 printf( "%4d", a[ i 1 );

4 #include <stdio.h> 30 } /* end for */

5 #define SIZE 10 31

6 32 printf( "\n" );

7 void bubblesort( int *array, const int size ); /* prototype */ 33

8 34 return 0; /* indicates successful termination */

9 int mainQ 35

10 { 36 } /* end main */

11 /* initialize array a */

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

13

14 int i; /* counter */

15

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

17

18 /* loop through array a */

19 for (i =0; i <s1zE; i+ ) {

20 printf( "%4d", a[ i 1 );

21 } /* end for */

22

23 bubblesort( a, SIZE ); /* sort the array */

24

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

26 © Copyright by Deitel

38 /* sort an array of integers using bubble sort algorithm */ o figO7 15.c (Part 3of
39 void bubblesort( int *array, const int size ) 62 /* swap values at memory locations to which elementlPtr and 3) B
40 { 63 element2Ptr point */

41 void swap( int *elementlPtr, int *element2Ptr ); /* prototype */ 64 void swap( int *elementlPtr, int *element2ptr )

42 int pass; /* pass counter */ 65 {

43 int j; /* comparison counter */ 56 int hold = *elementlPtr;

44 67 *elementlPtr = *element2Ptr;

45 /* loop to control passes */ 68 *element2Ptr = hold;

46 for ( pass = 0; pass < size - 1; pass++ ) { 69 } /* end function swap */

47

48 /* loop to control comparisons during each pass */ (EIHRE L] B u"lﬁ’ﬁlﬂﬂl'ﬂ[@( *elementlPtr =
49 for (j = 0; j < size - 1; j++ ) { R E RIS A S *element2Ptr Vit {5 ; same as

50 array  EBFF]( Filr - hold = a[j1;

51 /* swap adjacent elements if they are out of order */ array t%?ﬁ@@g'q‘) i1 afjl=a[j+1];

52 if Carray[ 51> array[ 5 +11) { EL e 52| array[j] alj+ 17 = hold:;

b8 swap( &array[ j 1, &rray[ j + 1] ); E‘?array[jfl] DL . . =

- } /* end if */ IJJE'J%’F‘??E‘@@//E;% Dat; 1t§ms ln og1g11(r;a'llgrd§; 8 45 37 Program Output
55 E‘Jiﬂit}jivi b (Sec. 7 Data items in ascending order

. D /e ol e Fa S 7.9) @I o RHTH 2 4 6 8 10 12 37 45 68 89

57 W ERLIF I EPEiERL

s | 3 /% end outer for v AR T

59 - RLES g | L'jf“l

60 } /* end function bubbleSort */
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array UL a
fuRshHEs > array[3]
Al al3] RLFIBFIRRL -
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7.7 Function sizeof

e sjzeof

* sizeof

Returns size of operand in bytes
1 byte = 8 bits
For arrays: (size of 1 element) x (number of elements)
Bk :osizeof (WAETIRR) o Y sizeof  REELEE - Y
sizeof (f&L ¢7H)
if sizeof( int) equals 4 bytes, then
int myArray[ 10 ];
printf( "%d", sizeof( myArray ) );
* will print 40
can be used with
Variable names
Type name
Constant values

Typical Size and Range of Data Types

For Borland Compiler

Data Type Size Bytes Min value Max value
char 1 -128 127
short int 2 -32768 32767
int 4 -2147483648 2147483647
long 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 3 32767
int 4 -2147483648 2147483647
Tong int 4 -2147483648 2147483647
A float 4 1.17549e-38 3.40282e+38
! double 8  2.22507e-308 1.79769e+308
\ Tong double 8  2.22507e-308

1.79769e+308 /
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[* SIZEOF.C--Program to tell the size of the C vari able */ - .
F typeinbytes Operator sizeof When Applied to an Array

#include <stdio.h>

main()

printf( "\nA char
printf( "\nAn int
printf( "\nA short
printf( "\nA long
printf( "\nAn unsigned char is %d bytes", sizeof( u
printf( "\nAn unsigned int s %d bytes", sizeof( unsi
printf( "\nAn unsigned short is %d bytes", sizeof( u
printf( "\nAn unsigned long is %d bytes", sizeof( u
printf( "\nA float
printf( "\nA double
printf( "\nA long double is %d bytes\n", sizeof(

return 0;

is %d bytes", sizeof( ¢ har));
is %d bytes", sizeof( int ));

is %d bytes", sizeof( s hort));

is %d bytes", sizeof( | ong));

nsigned char ));
gned int ));
nsigned short ));
nsigned long ));
is %d bytes", sizeof( f loat ));
is %d bytes", sizeof( d ouble ));
long double ));
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name Returns the Number of Bytes in the Array

fig07_16.c

R ({7 | size_t “Flr,’?f sizeof FHEFVH
(VR ; size t & C&IF HIPIEH
Z\HIPEY (unsigned or unsigned long
) Blfi o T =T size_t d5HY int

The number of bytes in the array is 80

The number of bytes returned by getSize is 4

1 /* Fig. 7.16: fig07_16.c

2 Sizeof operator when used on an array name

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

4 #include <stdio.h>

5

6 |size_t getsize( float *ptr ); /* prototype */

7

8 dint mainQ

9 {

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 */

19

20 /* return size of ptr */

21 size_t getSize( float *ptr )

22 {

23 return sizeof( ptr );

24

25 } /* end function getSize */

— © COpYIgnt 0y DEMET




/* Fig. 7.17: fig07_17.c
Demonstrating the sizeof operator */
#include <stdio.h>

fig07_17.c (Part 1 of 2)

1
2
3
4
5 1int mainQ)
6
7
8
9

{

char c; /* define c */

short s; /* define s */

int 1i; /* define i */
10 long 1; /* define 1 */
11 float f; /* define f */
12 double d; /* define d */
13 long double 1d; /* define 1d */
14 int array[ 20 ]; /* initialize array */
15 int *ptr = array; /* create pointer to array */
16
17 printf( sizeof ¢ = %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",
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26
27
28
29
30
31
32
33
34

sizeof c, sizeof( char ), sizeof s,

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

sizeof 1, sizeof( long ), sizeof f,

sizeof( float ), sizeof d, sizeof( double ), .

sizeof 1d, sizeof( long double ), f|gO7_17.C (Part 2 of
sizeof array, sizeof ptr ); 2)

return 0; /* indicates successful termination */

35 } /* end main */

sizeof c = 1 sizeof(char) =1
sizeof s = 2 sizeof(short) = 2 Program Output
sizeof i = 4 sizeof(int) = 4
sizeof 1 = 4 sizeof(long) = 4
sizeof f = 4 sizeof(float) = 4
sizeof d = 8 sizeof(double) = 8
sizeof 1d = 8 sizeof(long double) = 8
sizeof array = 80
sizeof ptr = 4
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7.8 Pointer Expressions and Pointer

Arithmetic
* Arithmetic operations can be performed on
pointers
- Increment/decrement pointer (++ or --)
* VPtr++

Add an integer to a pointer( + or +=, - or -=)
e VPtr +=2

Pointers may be subtracted from each other
e VPtr2 - vPtr

Operations meaningless unless performed on an array
Recall that [i%[Jfv €75 ]] lmi?ﬂﬁﬁl\f‘/ljfmf'ﬂflﬁﬁ@ﬂil'—: ie.,

* array, &array[0], = &array ~ H kL array gl o R
BB 2 franey f
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7.8 Pointer Expressions and Pointer

Arithmetic
* 5-element int array on machine with 4 byte
ints
—int v[5];
— int *vPtr = &v;

VPtr points to first element v[ O ]
* at location 3000 (vPtr =3000)
VPtr +=2 ;sets VPtr to 3008(Z[] 3000 +2*4 : *»ZE=3002!)

* VPtr pointstov[2] (incremented by 2), but the
machine has 4 byte ints, so it points to address 3008
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7.8 Pointer Expressions and Pointer
Arithmetic

location
3000 3004 3008 3012 3016

r~ v[0l wv[1] wv[2] wv[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] wv[2] v[3] v[4]

!

pointer variable vPtr The pointer vPtr after pointer arithmetic.
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7.8 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. If
vPtr2 =&v[ 2];
vPtr =&v[0];
vPtr2 - vPtr would produce 2
* Pointer comparison ( <, ==,>)
- Meaningful for the pointers point to elements of the
same array.

- See which pointer points to the higher numbered array
element

© Copyright by Deitel

7.8 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 * )
* e.g., void * bPtr;
* Generic pointer, represents any type
* No casting needed to convert a pointer to void pointer
* void pointers cannot be dereferenced ( &.3% (AHFS fifl )

since a pointer to void simply contains a memory
location for an unknown data type.
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7.9 The Relationship Between Pointers and
Arrays

* Arrays and pointers are closely related
- Array name like a constant pointer
- Pointers can do array subscripting operations

* Defineanarray b[5] and a pointer bPtr
- To set them equal to one another 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
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7.9 The Relationship Between Pointers and

Arrays
- Element b[ 3]
* Can be accessed by *( bPtr + 3)

- = bPtr o HEL b g RIRFIET- Sk b[O] By
I bPtr +3  H[£% b[3] puFsh--- Where n is the
offset. Called pointer/ offset notation

—&b[3] -~ b+3 ~E=bPtr +3  [flF ﬁﬁfg b[3]
9 T gy o

* Can be accessed by bPtr[ 3]

- Called pointer/subscript notation

— bPtr[ 3] FL bPtr+3 iﬁf[ﬁ'fjﬂﬁ%’?&pﬁ@

— bPtr[ 3] same as b[ 3]

* Can be accessed by performing pointer arithmetic on the
array itself

*(b+3)
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Using Subscripting and Pointer Notations with Arrays

1 /* Fig. 7.20: fig07_20.cpp

2 Using subscripting and pointer notations with arrays */
&

4 #include <stdio.h>

5

6 1int mainQ

7 {

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

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

11 int offset; /* counter */

12

13 /* output array b using array subscript notation */

14 printf( "Array b printed with:\nArray subscript notation\n" );
15
16 /* loop through array b */

17 for (i =0;1 <4; i++ ) {

18 printf( "b[ %d ] = %d\n", i, b[ i 1 );

19 } /* end for */

20

21 /* output array b using array name and pointer/offset notation */
22 printf( "\nPointer/offset notation where\n"

23 "the pointer is the array name\n" );

24

© Copyright by Deitel

b[0] =10
b[1]=20
b[2]=30
b[3] =40

fig07_20.c (Part 1 of
2)

25 /* loop through array b */

*(b+ &
26 for ( offset = 0; offset < 4; offset++ ) { *E E 1 2 ; o ;‘8
27 printf( "*( b + %d ) = %d\n", offset, *( b + offset ) ); *( b+2 ) ; 30
B3 edfor Y *(b+3)=40
30 /* output array b using bPtr and array subscript notation */
31 printf( "\nPointer subscript notation\n" );
32
33 /* loop through array b */ bPtr[0]=10
34 for (i =0; i <4; i++) { bPtr[ 1] =20
35 printf( "bptr[ %d 1 = %d\n", i, bPtr[ i ] ); bPtr[ 2] =30
36 } /* end for */ bPtr[3] =40
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( "#( bptr + %d ) = %d\n", offset, *( bPtr + offset ) );
44 } /* end for */

45

46 return 0; /* indicates successful termj *( bPtr

a7

*(bPtr +1)=20
*(bPtr +2)=30
*(bPtr +3) =40

48 } /* end main */

fig07_20.c (Part 2 of

© Copyright by Deitel 2)

Array b printed with:
Array subscript notation

b[ 0] =10
b[ 1] =20
b[ 2] =30
b[ 3] = 40

pointer/offset notation where
the pointer is the array name
10

*(b+0) =

*(Cb+1) =20
*(Cb+2) =230
*Cb+3) =40

Pointer subscript notation
bptr[ 0 ] = 10

bptr[ 1 ] = 20
bPtr[ 2 1 = 30

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

*C bPtr + 3 ) = 40
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Program Output




Copying a String Using Array Notation and Pointer Notation

1 /* Fig. 7.21: fig07_21.c fig07_21.c (Part 1 of
2 Copying a string using array notation and pointer notation. */ 2)

3 #include <stdio.h> 'J: ”'“strng Sl Jﬁz«ﬁ—[ /u I_I f‘cg I4}J-I
s 9l "Hello” fugiifg -

5 void copyl( char *sl, const char *s2 ); /* prototype */

6 void copy2( char *s1, const char *s2 ); /* prototype */ =55 'Hello" string4 ?ﬁﬁ“ﬁﬁl'ﬁ?ﬁ
7 ?

8 int main(Q)

9 {

10 char stringl[ 10 ]; /* create array stringl */

11 char *string2 = "Hello"; /* create a pointer to a string */

12 char string3[ 10 1; /* create array string3 */

13 char string4[] = "Good Bye"; /* create a pointer to a string */

14

15 copyl( stringl, string2 ); fi ”_l#s-l stringl ﬂ:] “Hello” 3" F [‘ﬁ] H{_Jﬁ{ﬂ_‘lg{;ua},gr
16 printf( "stringl = %s\n", stringl ); copyl HI s ”&#fm St‘rlrlgz IU%EL_”Hello” o flwﬁl /UFI Jf*'j
& o

18 copy2( string3, string4 );

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

20

21 return 0; /* indicates successful termination */

22

23 } /* end main */
24
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25 /* copy s2 to sl using array notation */

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

2|t el A s2 fLELEC: Dilligi= e ‘
28 int i; /* counter */ W M ”LLHT

29

30 /* loop through strings */

31 for (i=0; (sl[i]=s2[i 1= "\0"; i+

2 ;(/* do nm(mn; in]body ,[,/ AT o1 fig07_21.c (Part 2 of
33| } /* end for ¥/ 2)

&)

35|} /* end function copyl */ o I e ot s2[i] JJ 7 FEE US] [i] W
% ‘ H‘! [J ﬂﬂuﬂi(\o) |‘J"J*FHJEH"

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

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

39 ({

40 /* loop through strings */i

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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7.10 Arrays of Pointers

* Arrays can contain pointers (?‘F’,ffﬁ[ﬁﬁl\r’/ﬂ)

* For example: an array of strings

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

— suitf4] £ W i ARIEEEEN Jf‘,?lﬁ[ﬁ[ Sl R EI ?F[ﬂj char ; and that the
strings pomted by each element pointer will not be modified (const).

- Strings are pointers to the first character

— char* - each element of suit is a pointer to a char

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

suitf0] e—— "H' | 'e' | va' [ et | et | tst | o
suit[l] e—— D' 'i' | 'a' | 'm' o' ' 'd' s’ N\
suit[2] e—— 'C' 1" | 'w’ | b’ st N0

suit[3] e——= 'S' | p' | '’ | 'd' | e’ | 's' | \0!

— i.e., suit[0] = "Hearts", etc.

— suit array has a fixed size (4, in this case), but strings can be of any size
© Copyright by Deitel

7.10 Arrays of Pointers

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 largest 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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711 Case Study: A Card Shuffling and
Dealing Simulation

* Card shuffling program
- Use array of pointers to strings
- Use double scripted array (suit (1), face (E@\f) )

Jack
Queen
King

v o 8 5 o S 2 @
2R EE 2 EF 3D EE
0 1 2 3 4 5 6 7 8 9 10 11 12
Hearts 0
Diamonds 1
Clubs 2
Spades 3

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

- The numbers 1-52 go into the array
* Representing the order in which the cards are dealt
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711 Case Study: A Card Shuffling and
Dealing Simulation

e Pseudocode

- Top level:
Shuffle (J&7f) and deal (5&74) 52 cards

- First refinement:

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

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

Initialize the deck array ( array, deck[4][13] )

Shuffle the deck

Deal 52 cards
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7.11 Case Study: A Card Shuffling and
Dealing Simulation

- Second refinement

* Convert shuffle the deck to
For each of the 52 cards

Place card number in randomly selected unoccupied slot of

deck
e Convert deal 52 cards to
For each of the 52 cards

Find card number in deck array and print face and suit of

card
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711 Case Study: A Card Shuffling and
Dealing Simulation

- Third refinement
* Convert shuffle the deck to
Choose slot of deck randomly
While chosen slot of deck has been previously chosen
Choose slot of deck randomly
Place card number in chosen slot of deck

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

© Copyright by Deitel




1 /* Fig. 7.24: fig07_24.c
2 card shuffling dealing program */
3 #include <stdio.h>
4 #include <stdlib.h> . 26 srand( time( 0 ; /* seed random-number generator * .
. . fig07_24.c (Part 1 of CE=Cw ) 28 / M € / fig07_24.c (Part 2 of
5 #include <time.h> 4 - 27 4)
® ) 28 shuffle( deck ); : e
7 /* prototypes */ 29 deal( deck, face, suit ); SPLIY%-}iﬁ[ shuffleg%’gﬁjﬁl deal r}’[gr
8 void shuffle( int woeck[]1[ 13 ] ); 30
9 void deal( const int wbeck[]J[ 13 ], const char *wFace[], 31 return 0; /* indicates successful termination */
10 const char *wsuit[] ); 32
11 33 } /* end main */
12 int mainQ 34
13 {
14 /* initialize suit array */
15 const char *suit[ 4 ] = { "Hearts", "Diamonds", "Clubs", "Spades" };
16
17 /* initialize face array */
18 const char *face[ 13 ] =
19 { "Ace", "Deuce", "Three", "Four",
20 "Five", "six", "seven", "Eight",
21 "Nine", "Ten", "Jack", "Queen", "King" }; N c L . § w
22 EEE2Exi2sE s s
23 /* initialize deck array */ g 1 2 2 A F &6 7 & & 18 it 1
24 |int deck[ 4 J[ 131 =1{ 0 }; Heats 0
Diamonds 1
25
Clubs 2
:L}{f]' deck Jf"- i\-];%utr’i: 0 ‘ Spades 3
deck[2] [12] represents the King of Clubs
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e Deal ( 5#/fil ) A=
Shuffle ﬁt}‘—[ﬁﬁ:ﬁj—‘k 57 /* deal cards in deck */
58 void deal( const int wbeck[][ 13 ], const char *wrace[],
. har *wsui i .c (Part 4 of
35 /* shuffle cards in deck */ 2;;]07_24.() (Part 3 of ZZ . const char *wsuit[] ) 2)907_24 c(P
36 void shuffle( int wbeck[][ 13 ] ) o it G @) @Er <
W . i o 62 int row; /* row counter */
* e (R /* row number */ 63 int column; /* column counter */
39 int column; /* column number */ -
40 int card; /* counter */ ST T LR T s,
" 3, L}'Iﬁﬂ:l[“l#‘ wDeck Fﬁ“/ﬂf“l@ 65 /* deal each of the 52 cards */ h f:ff—:'j‘fl %T'Eﬁlp ¥ ﬁ?ﬂ§f52 5‘3‘&7?@' s
5 R 66 for ( card = 1; card <= 52; card++ ) { é’/
42 /* for each of the 52 cards, choose slot of deck randomly */ ﬁl?ﬁ"f' 0; 67
43 for ( card = 1; card <= 52; card++ ) { SRR R - 68 /* Toop through rows of wbeck */
& i T RS % 69 for ( row = 0; row <= 3; row++ ) {
45 /* choose new random location until unoccupied slot found */ 3 wDeck [‘ﬁﬁlJH@ﬂiEﬁ\ﬂO 70
46 do { Sy i 71 /* loop through columns of wbeck for current row */
a7 row = rand() % 4; fg - e 7 for ( column = 0; column <= 12; column++ ) {
48 column = rand() % 13; o ST v PGy s O 73
49 } while( woeck[ row ][ column ] != 0 ); /* end do...while */ |« £l il Fh' 74
50 75 if ( woeck[ row J[ column ] == card ) {
51 /* place card number in chosen s}ot of deck */ 76 printf( "%5s of %-8s%c", wFace[ column ], wSuit[ row ],
52 woeck[ row J[ column ] = card; | 77 \ card % 2 == 0 ? "\n' : "\t'D; 557 card LT IR (row ?
53 } /* end for */ et o . 5 2 L Fow 78 } /* end if */ And column?) 2 i«',f”ElJ
54 € EEFE &2 8388z 8 848 ¢ 79 e e P ﬁf"v%ﬁi%m%ﬁr
55 } /* end function shuffle */ e 80 } /* end for */ L\gﬁg,rﬂ.m .
Hearts 0
56 81
Diamonds 1 82 } /* end for */ ‘
Clubs 2
83
Spades 3
84 } /* end for */
deck[2] [12] represents the King of Clubs 85
© Copyright by Deitel Clubs King 86 } /* end function deal */




Nine of Hearts Five of Clubs

Queen of Spades Three of Spades
Queen of Hearts Ace of Clubs
King of Hearts Six of Spades
Jack of Diamonds Five of Spades
Seven of Hearts King of Clubs Preram OUtPUt
Three of Clubs Eight of Hearts
Three of Diamonds Four of Diamonds

Queen of Diamonds Five of Diamonds
Six of Diamonds Five of Hearts
Ace of Spades Six of Hearts

Nine of Diamonds Queen of Clubs

Eight of Spades Nine of Clubs

Deuce of Clubs Six of Clubs
Deuce of Spades Jack of Clubs
Four of Clubs Eight of Clubs
Four of Spades Seven of Spades
Seven of Diamonds Seven of Clubs
King of Spades Ten of Diamonds
Jack of Hearts Ace of Hearts
Jack of Spades Ten of Clubs

Eight of Diamonds Deuce of Diamonds
Ace of Diamonds Nine of Spades

Four of Hearts Deuce of Hearts
King of Diamonds Ten of Spades
Three of Hearts Ten of Hearts
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7.12 Pointers to Functions

e Pointer to function

- HIJPILJIFE’U‘” rﬁ] /[ EI\J JEL IZ]“;‘JTO I,FT'“ 'i;:li LE‘F[J(+ >

AT it £ AR R et R
Slrmlar to how array name Is address of tirst efement
function name is starting address of code that defines
function

S i (anction)  FFFIFHERES » WERLET e
éF"I%PEHIBEJ{IEJ'w TR+ B

- Contains address of function

* Pointers to function can be

b SIRE L T

Passed to functions

Returned from functions

Stored in arrays

Assigned to other function pointers
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7.12 Pointers to Functions

* Example: bubblesort
— 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
* this determines ascending or descending sorting
- The argument in bubblesort for the function pointer:
int (*compare )(inta, intb)
tells bubblesort  to expect a pointer to a function that takes two
ints  and returns an int

g = (*compare ) HEBR > AT B Wl pesatat
2] compare” s@ﬁ%ﬁ e ik
- If the parentheses were left out:
int *compare(inta, intb)
* Defines a function that receives two integers and returns a
pointer toaint sy - fl[ll] compare [V ’*F;%I[E{m
E“,lﬁp SRLE f[ﬁiﬁg’@mf’jiﬁ °

© Copyright by Deitel

Multipurpose Sorting Program Using Function Pointers

/* Fig. 7.26: fig07_26.c fig07_26.c (Part 1 of
Multipurpose sorting program using function pointers */ 4)

#include <stdio.h>

#define s1ze 10

/* prototypes *

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 );

1
2
3
4
5
6
7
8
9

10

11 +int mainQ
12 {

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

15

16 /* initialize array a */

17 inta[sizE] ={2, 6, 4, 8, 10, 12, 89, 68, 45, 37 };

18
19 printf( "Enter 1 to sort in ascending order,\n"

ngEJ PH O PR AL LT

20 "Enter 2 to sort in descending order: " );
21 scanf( "%d", &order ); TRtk
” ¢ 2 order =1 RLYEHT « order = 2 hLJE -

23 printf( "\nData items in original order\n" );
24
© Copyright by Deitel




25 /* output original array */

26 for ( counter = 0; counter < SIZE; counter++ ) {
27 printf( "%5d", a[ counter 1 );

28 } /* end for */

29

30 /* sort array in ascending order; pass function ascending as an
il argument to specify ascending sorting order */
32 if C order == 1) {

33 bubble( a, Size, ascending );

34 printf( "\nData items in ascending order\n" );
35 } /* end if */

36 else { /* pass function descending */

37 bubble( a, size, descending );

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

40

41 /* output sorted array */

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

44 } /* end for */

45

46 printf( "\n" );

47

48 return 0; /* indicates successful termination */
49

50 } /* end main */

51
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fig07_26.c (Part 2 of
4)

IBRLIBE » B
ascending é[[{aify@r Tl 7 sl
P descending -

52 /* multipurpose bubble sort; parameter compare is a pointer to
53 the comparison function that determines sorting order */

54| void bubble( int work[], const int size, int (*compare)( int a, int b ) ) ‘
55 {

fig07_26.c (Part 3 of
4)

56 int pass; /* pass counter */ e el 7
57 int count; /* comparison counter */ .i\jJFE *»Ci%,COmRareiLf [[a{}yl
58 L L i e

59 void swap( int *elementlPtr, int *element2ptr ); /* prototype */
60

) 5 R
P I i -

61 /* loop to control passes */

62 for ( pass = 1; pass < size; pass++ ) {

63

64 /* loop 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 1 );

70 } /* end if */

71

72 } /* end for */

7

74 } /* end for */

75

76 } /* end function bubble */

7
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78 /* swap values at memory locations to which elementlPtr and
79 element2Ptr point */

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

fig07_26.c (Part 4 of
4)

81| {

82 int hold; /* temporary holding variable */
83

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 )

Hi b < a fLEHYET o return 'true' > Sk

scending =1) [l -

92| {

g i i LT ret 1 i
93 return b < a; /* swap if b is less than a */ v return (a
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 {

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

103 } /* end function descending */
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Enter 1 to sort in ascending order,
Enter 2 to sort in descending order: 1

Data items in original order
2 6 4 8 10 12 89 68 45 37
Data items in ascending order Program Output
2 4 6 8 10 12

37 45 68 89

Enter 1 to sort in ascending order,
Enter 2 to sort in descending order: 2

Data items in original order

2 6 4 8 10 12 89 68 45 37
Data items in descending order

89 68 45 37 12 10 8 6 4 2
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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.

1SRRI aPtr B¥a
ISR S — | B%a 0t BYa0E
BOfzHE
B 2 OVfiHE

HRIBISRAE ROV -

FUGRERRHAS 18R ot I 8
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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 *Xx,y;
X=y;

ANS: There are two possible 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 is 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 1="0"; s++)
printf( "%c ", *s);
© Copyright by DeitdNS: s should be defined as char *, a constant pointer cannot be moved.

Exercises

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

ANS: [ SR HBE & 7 genericPtr FyHIVRRHYTIZ » A)'] *genericPtr fU il 3% 5
tlt o A void * pointer cannot be dereterenced.

f) float x = 19.34;
float xPtr = &x;
printf( "%fn", 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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