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Byte 0 1 2 3
01100001 00000000/01100001

Fig.

16.1 A possible storage alignment for a variable of type Exanpl e showing an undefined area in
memory.

1 /] Fig. 16.2: figl6_02.cpp

2 |l Card shuffling and deal i ng program using structures
3  #include <iostream h>

4 #include <iomanip.h>

5 #include <stdlib. h>

6 #include <tinme.h>

7

8 struct Card {

9 char *face;

10 char *suit;

11}

12

13 wvoid fillDeck( Card *, char *[], char *[] );

14 void shuffle( Card * );

15 void deal ( Card * );

16

17 int main()

18

19 Card deck[ 52 ];

20 char *face[] = { "Ace", "Deuce", "Three", "Four", "Five",
21 "Six", "Seven", "Eight", "N ne", "Ten",
22 "Jack", "Queen", "King" };

23 char *suit[] = { "Hearts", "D anonds", "C ubs", "Spades" };
24

25 srand( time( 0 ) ); /1 random ze

Fig. 16.2 High-performance card shuffling and dealing simulation (part 1 of 2).
26 fillDeck( deck, face, suit );

27 shuffl e( deck );

28 deal ( deck );

29 return O;

30 }

31

32 wvoid fillDeck( Card *wbDeck, char *wFace[], char *wSuit[] )
33

34 for (int i =0; i <52; i++) {

35 wDeck[ i ].face = wFace[ i %13 ];

36 wDeck[ i ].suit =wSuit[ i / 13 ];

37 }

38 }

39

40 void shuffle( Card *wbDeck )

41

42 for (int i =0; i <52; i++) {

43 int j =rand() %52;

44 Card tenmp = wheck[ i ];

45 wDeck[ i ] = wbeck[ j ];

46 wDeck[ j ] = tenp;

47 }

48 '}

49

50 void deal ( Card *wDeck )

51 {
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CHAPTER 16 BITS, CHARACTERS, STRINGS, AND STRUCTURES 3

52 for (int i =0; i <52; i++)

53 cout << setiosflags( ios::right )

54 << setw( 5 ) << wheck[ i ].face << " of "
55 << setiosflags( ios::left )

56 << setw 8 ) << wDeck[ i ].suit

57 << ( (P +1) %22 "'\t : "\n );

58 }

Fig.16.2  High-performance card shuffling and dealing simulation (part 2 of 2).

Ei ght of Di anonds Ace of Hearts
Ei ght of C ubs Fi ve of Spades
Seven of Hearts Deuce of Di anonds
Ace of C ubs Ten of Di anonds
Deuce of Spades Si x of Di anpbnds
Seven of Spades Deuce of C ubs
Jack of d ubs Ten of Spades
King of Hearts Jack of Di anpbnds
Three of Hearts Three of Di anonds
Three of C ubs Ni ne of C ubs
Ten of Hearts Deuce of Hearts
Ten of Cl ubs Seven of Di anonds
Si x of Cl ubs Queen of Spades
Si x of Hearts Three of Spades
Ni ne of Di anonds Ace of Di anonds
Jack of Spades Fi ve of Cl ubs
Ki ng of Di anpbnds Seven of Cl ubs
Ni ne of Spades Four of Hearts
Si x of Spades Ei ght of Spades
Queen of Di anpbnds Fi ve of Di anpnds
Ace of Spades Ni ne of Hearts
Ki ng of Cl ubs Five of Hearts
Ki ng of Spades Four of Di anbnds
Queen of Hearts Ei ght of Hearts
Four of Spades Jack of Hearts
Four of d ubs Queen of C ubs

Fig. 16.3  Output for the high-performance card shuffling and dealing simulation.
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Operator Name Description
& bitwise AND The bitsin the result are set to 1 if the corresponding bits
in the two operands are both 1.
| bitwise inclusive The bitsin the result are set to 1 if at least one of the cor-
OR responding bits in the two operandsis 1.
n bitwise exclusive Thebitsin the result are set to 1 if exactly one of the corre-
OR sponding bits in the two operandsis 1.
<< left shift Shiftsthe bits of thefirst operand left by the number of bits
specified by the second operand; fill from right with O bits.
>> right shift withsign  Shifts the bits of the first operand right by the number of
extension bits specified by the second operand; the method of filling
from the | eft is machine dependent.
~ one's complement All O bitsaresetto 1 and all 1 bitsare set to 0.
Fig. 16.4  The bitwise operators .
1 // Fig. 16.5: figl6_05.cpp
2 |/ Printing an unsigned integer in bits
3 #include <iostream h>
4 #include <iomanip.h>
5
6 void displayBits( unsigned );
7
8 int main()
9
10 unsi gned x;
11
12 cout << "Enter an unsigned integer: ";
13 cin >> x;
14 di splayBits( x );
15 return O;
16 }
17
18 void displayBits( unsigned val ue )
19 {
20 unsi gned c, displayMask = 1 << 15;
21
22 cout << setw 7 ) << value << " =";
23
24 for (¢ =1, c <=16; c++ ) {
25 cout << ( value & displayMask ? "1' : '0' );
26 val ue <<= 1;
27
28 if (¢ %8 ==0)
29 cout << ' ';
30 }
31
32 cout << endl;
33 }
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CHAPTER 16 BITS, CHARACTERS, STRINGS, AND STRUCTURES

Enter an unsi gned integer: 65000
65000 = 11111101 11101000

Fig. 16.5 Printing an unsigned integer in bits.
Bit 1 Bit 2 Bit 1 & Bit 2
0 0 0
1 0 0
0 1 0
1 1 1
Fig. 16.6  Results of combining two bits with the bitwise AND operator (&).
1 // Fig. 16.7: figl6_07.cpp
2 |l Using the bitwise AND, bitw se inclusive OR bitw se
3 [/l exclusive OR and bitw se conpl ement operators.
4 #include <iostream h>
5 #include <iomanip. h>
6
7 void displayBits( unsigned );
8
9 int main()
10
11 unsi gned nunber 1, nunber2, mask, setBits;
12
13 nunber1l = 65535;
14 mask = 1;
Fig. 16.7 Using the bitwise AND, bitwise inclusive OR, bitwise exclusive OR, and bitwise complement
operators (part 1 of 2).
15 cout << "The result of conbining the follow ng\n";
16 di spl ayBits( nunberl );
17 di spl ayBits( nmask );
18 cout << "using the bitwi se AND operator & is\n";
19 di spl ayBits( nunberl & mask );
20
21 nunberl = 15;
22 setBits = 241;
23 cout << "\nThe result of conbining the foll ow ng\n";
24 di spl ayBits( nunberl );
25 di splayBits( setBits );
26 cout << "using the bitw se inclusive OR operator | is\n";
27 di splayBits( nunberl | setBits );
28
29 nunberl = 139;
30 nunber2 = 199;
31 cout << "\nThe result of conbining the foll ow ng\n";
32 di spl ayBits( nunberl );
33 di spl ayBits( nunber2 );
34 cout << "using the bitw se exclusive OR operator ~ is\n";
35 di spl ayBi ts( nunmber1l ~ nunber2 );
36
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CHAPTER 16 BITS, CHARACTERS, STRINGS, AND STRUCTURES 6

37 nunber1l = 21845;

38 cout << "\ nThe one's conpl erent of\n";
39 di spl ayBi ts( numberl );

40 cout << "is" << endl;

41 di splayBits( ~nunberl );

42

43 return O;

44}

45

46 void displayBits( unsigned val ue )

47 {

48 unsi gned c¢, displayMask = 1 << 15;
49

50 cout << setw( 7 ) << value << " =",
51

52 for (¢ =1, ¢ <= 16; c++ ) {

53 cout << ( value & displayMask ? '1'" : '0" );
54 val ue <<= 1;

55

56 if (c %8 ==0

57 cout << ' ';

58 }

59

60 cout << endl;

61 }

Fig. 16.7 Using the bitwise AND, bitwise inclusive OR, bitwise exclusive OR, and bitwise complement
operators (part 2 of 2).

The result of conbining the follow ng
65535 = 11111111 11111111
1 = 00000000 00000001
using the bitwi se AND operator & is
1 = 00000000 00000001

The result of conbining the follow ng
15 = 00000000 00001111
241 = 00000000 11110001

using the bitw se inclusive OR operator | is
255 = 00000000 11111111

The result of conbining the follow ng
139 = 00000000 10001011
199 = 00000000 11000111

using the bitw se exclusive OR operator " is
76 = 00000000 01001100

The one's conpl enent of
21845 = 01010101 01010101

is
43690

10101010 10101010

Fig. 16.8  Output for the program of Fig. 16.7.
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Bit 1 Bit 2 Bit 1| Bit 2
0 0 0
1 0 1
0 1 1
1 1 1

Fig. 16.9  Results of combining two bits with the bitwise inclusive OR operator (| ).

Bit 1 Bit 2 Bit 1 / Bit 2
0 0 0
1 0 1
0 1 1
1 1 0
Fig. 16.10 Results of combining two bits with the bitwise exclusive OR operator ().

1 // Fig. 16.11: figl6_11.cpp

2 /] Using the bitwi se shift operators

3 #include <iostream h>

4 #include <iomanip.h>

5

6 void displayBits( unsigned );

7

8 int nain()

9

10 unsi gned nunberl1l = 960;

11

12 cout << "The result of left shifting\n";
13 di spl ayBi ts( numberl );

14 cout << "8 bit positions using the left "
15 << "shift operator is\n";

Fig. 16.11 Using the bitwise shift operators (part 1 of 2).

16 di splayBits( numberl << 8 );

17 cout << "\nThe result of right shifting\n";
18 di spl ayBi ts( numberl );

19 cout << "8 bit positions using the right "
20 << "shift operator is\n";

21 di splayBits( numberl >> 8 );

22 return O;

23}

24

25 void displayBits( unsigned val ue )

26 {

27 unsi gned c, displayMask = 1 << 15;

28

29 cout << setw( 7 ) << value << " =",

30

31 for ( ¢ =1; ¢ <= 16; c++ ) {

32 cout << ( value & displayMask ? "1' : '0' );
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CHAPTER 16

val ue <<= 1;

if (c %8 ==0

cout

}

<< 't

cout << endl;

BITS, CHARACTERS, STRINGS, AND STRUCTURES

The result of

960 =

8 bit positions using the left shift operator << is

49152 =

The result

left shifting

00000011 11000000

11000000 00000000

of right

shifting

960 = 00000011 11000000
8 bit positions using the right shift operator >> is
3 = 00000000 00000011
Fig. 16.11 Using the bitwise shift operators (part 2 of 2).
Bitwise assignment operators
&= Bitwise AND assignment operator.
| = Bitwise inclusive OR assignment operator.
A= Bitwise exclusive OR assignment operator.
<<= L eft shift assignment operator.
>>= Right shift with sign extension assignment operator.
Fig. 16.12 The bitwise assignment operators.
Associa-
Operators tivity Type
1 (unary; right to left) 1 (binary; left to right) lefttoright  highest
O [] . -> lefttoright  highest
++ -- o+ - ! delete  sizeof righttoleft  unary
* & ne
w
* / % lefttoright  multiplicative
+ - lefttoright  additive
<< >> lefttoright  shifting
< <= > >= lefttoright  relational
== I = lefttoright  equality
& lefttoright  bitwise AND
A lefttoright  bitwise XOR
| lefttoright  bitwise OR

Fig. 16.13 Operator precedence and associativity (part 1 of 2).
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Associa-
Operators tivity Type
&& lefttoright  logical AND
| ] lefttoright  logical OR
?: righttoleft  conditional
= = -= *= /= U righttoleft  assignment
&= | = A= << >>
, left to right comma

Fig. 16.13 Operator precedence and associativity (part 2 of 2).

1 // Fig. 16.14: figl6_14.cpp

2 |/ Exanple using a bit field

3 #include <iostream h>

4 #include <iomanip.h>

5

6 struct BitCard {

7 unsi gned face : 4;

8 unsi gned suit : 2;

9 unsi gned color : 1;

10 };

11

12 void fillDeck( BitCard * );

13 void deal ( BitCard * );

14

15 int main()

16 {

17 Bit Card deck[ 52 ];

18

19 fillDeck( deck );

20 deal ( deck );

21 return O;

22 '}

23

24 void fill Deck( BitCard *wDeck )

25

26 for (int i =0; i <=51; i++ ) {

27 wbDeck[ i ].face =i % 13;

28 wDeck[ i ].suit =i [/ 13;

29 wbDeck[ i ].color =i [/ 26;

30 }

31}

32

33 // CQutput cards in two colum format. Cards 0-25 subscripted
34 /] with k1 (colum 1). Cards 26-51 subscripted k2 in (colum 2.)
35 void deal ( BitCard *wbeck )

36 {

37 for (int k1 =0, k2 = k1 + 26; k1 <= 25; kl++, k2++ ) {
38 cout << "Card:" << setw 3 ) << wbDeck[ k1 ].face

39 << " Suit:" << setw 2 ) << wbDeck[ k1 ].suit
40 << " Color:" << setw( 2 ) << wbDeck[ k1 ].color
41 << " " << "Card:" << setw 3 ) << wbeck[ k2 ].face
42 << " Suit:" << setw 2 ) << wbDeck[ k2 ].suit
43 << " Color:" << setw( 2 ) << wbDeck[ k2 ].color
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CHAPTER 16 BITS, CHARACTERS, STRINGS, AND STRUCTURES 10

44 << endl ;

Fig. 16.14 Using bit fields to store a deck of cards.

Card: O Suit: 0 Color: O Card: O Suit: 2 Color: 1
Card: 1 Suit: 0 Color: O Card: 1 Suit: 2 Color: 1
Card: 2 Suit: 0 Color: O Card: 2 Suit: 2 Color: 1
Card: 3 Suit: 0 Color: O Card: 3 Suit: 2 Color: 1
Card: 4 Suit: 0 Color: O Card: 4 Suit: 2 Color: 1
Card: 5 Suit: 0 Color: O Card: 5 Suit: 2 Color: 1
Card: 6 Suit: 0 Color: O Card: 6 Suit: 2 Color: 1
Card: 7 Suit: 0 Color: O Card: 7 Suit: 2 Color: 1
Card: 8 Suit: 0 Color: O Card: 8 Suit: 2 Color: 1
Card: 9 Suit: 0 Color: O Card: 9 Suit: 2 Color: 1
Card: 10 Suit: O Color: O Card: 10 Suit: 2 Color: 1
Card: 11 Suit: 0O Color: O Card: 11 Suit: 2 Color: 1
Card: 12 Suit: 0O Color: O Card: 12 Suit: 2 Color: 1
Card: O Suit: 1 Color: O Card: O Suit: 3 Color: 1
Card: 1 Suit: 1 Color: O Card: 1 Suit: 3 Color: 1
Card: 2 Suit: 1 Color: O Card: 2 Suit: 3 Color: 1
Card: 3 Suit: 1 Color: O Card: 3 Suit: 3 Color: 1
Card: 4 Suit: 1 Color: O Card: 4 Suit: 3 Color: 1
Card: 5 Suit: 1 Color: O Card: 5 Suit: 3 Color: 1
Card: 6 Suit: 1 Color: O Card: 6 Suit: 3 Color: 1
Card: 7 Suit: 1 Color: O Card: 7 Suit: 3 Color: 1
Card: 8 Suit: 1 Color: O Card: 8 Suit: 3 Color: 1
Card: 9 Suit: 1 Color: O Card: 9 Suit: 3 Color: 1
Card: 10 Suit: 1 Color: O Card: 10 Suit: 3 Color: 1
Card: 11 Suit: 1 Color: O Card: 11 Suit: 3 Color: 1
Card: 12 Suit: 1 Color: O Card: 12 Suit: 3 Color: 1

Fig. 16.15 Output of the program in Fig. 16.14.

Prototype Description

int isdigit( int Returnst r ue if c isadigit, and f al se otherwise.

int isal pha( int Returnst r ue if c isaletter, and f al se otherwise.
Returnst r ue if c isadigit or aletter, and f al se other-

wise.

int isxdigit( int c) Returnst r ue if c isahexadecimal digit character, and
f al se otherwise. (See Appendix C, “Number Systems,” for
adetailed explanation of binary numbers, octal numbers,
decimal numbers and hexadecimal numbers.)

o o o
~— — ~—

int isalnum int

int islower( int c) Returnst r ue if c isalowercase |etter, and f al se other-
wise.

int isupper( int c) Returnst r ue if ¢ isan uppercase letter; f al se otherwise.

int tolower( int c ) If c isan uppercase letter, t ol ower returnsc asalowercase
letter. Otherwise, t ol ower returns the argument
unchanged.

Fig. 16.16 Summary of the character handling library functions (part 1 of 2).
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Prototype Description

int toupper( int c ) If c isalowercaseletter,t oupper returnsc asan uppercase
letter. Otherwise, t oupper returns the argument
unchanged.

int isspace( int c ) Returnst r ue if ¢ isawhite-space character—newline
(\n"),space(" '), formfeed (' \f"'), carriage return
('\r"),horizontal tab (" \ t ' ), or vertical tab (' \ v' )—and
f al se otherwise

int iscntrl( int c) Returnst r ue if c isacontrol character, and f al se other-
wise.

int ispunct( int c) Returnst r ue if c isaprinting character other than a space,
adigit, or aletter, and f al se otherwise.

int isprint( int c) Returnst r ue valueif ¢ isaprinting character including
space (" '), andf al se otherwise.

int isgraph( int c ) Returnst r ue if ¢ isaprinting character other than space

(" '),andf al se otherwise.

Fig. 16.16 Summary of the character handling library functions (part 2 of 2).

Coo~NOUIThWNBEF

10
11
12
13
14
15

/1 Fig. 16.17: figl6_17.cpp

/1 Using functions isdigit, isalpha, isalnum and isxdigit
#i ncl ude <i ostream h>

#i ncl ude <ctype. h>

int main()

cout << "According to isdigit:\n"

<< ( isdigit( '8 ) ? "8is a" : "8 is not a" )
<< " digit\n"
<< (isdigit( '# ) ? "#is a" : "#1is not a" )

<< " digit\n";

cout << "\nAccording to isal pha:\n"
<< ( isalpha( "A" ) ? "Ais a" : "Ais not a" )
<< " letter\n"

Fig. 16.17 Usingi sdi gi t,i sal pha,i sal numandi sxdi gi t (part 1 of2).

<< ( isalpha( 'b" ) ? "bis a" : "bis not a" )
<< " letter\n"

<< ( isalpha( '& ) ? "&is a" : "&is not a" )
<< " letter\n"

<< ( isalpha( '4" ) ? "4is a" : "4 is not a" )
<< " |etter\n";

cout << "\ nAccording to isal num\n"

<< (isalnum "A" ) ? "Ais a" : "Ais not a" )
<< " digit or aletter\n"

<< ( isalnum '8 ) ? "8 is a" : "8 is not a" )
<< " digit or a letter\n"

<< (isalnum "# ) ? "#is a" : "# is not a" )

<< " digit or aletter\n";
cout << "\nAccording to isxdigit:\n

<< (isxdigit( '"F ) ? "Fis a" : "Fis not a" )
<< " hexadeci mal digit\n"
<< (isxdigit( '3 ) ?"Jis a" : "Jis not a")

<< " hexadeci mal digit\n"

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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34 << (isxdigit( '7" ) ? "7 is a" : "7 is not a" )
35 << " hexadeci mal digit\n"

36 << (isxdigit( '$ ) ?"$isa : "$is not a" )
37 << " hexadeci mal digit\n"

38 << (isxdigit( 'f* ) ? "f is a" : "f is not a" )
39 << " hexadecimal digit" << endl;

40 return O;

41}

According to isdigit:
8is adigit
#is not a digit

Accordi ng to isal pha:
Ais aletter

bis aletter

& is not a letter

4 is not a letter

According to isal num

Ais adigit or aletter

8 is adigit or a letter
#is not a digit or a letter

According to isxdigit:

is a hexadeci mal digit

is not a hexadecimal digit
is a hexadeci mal digit

is not a hexadecimal digit
is a hexadeci mal digit

RN

Fig. 16.17 Usingi sdi gi t,i sal pha,i sal numandi sxdi gi t (part 2 of 2).

1 // Fig. 16.18: figl6_18.cpp

2 |l Using functions islower, isupper, tolower, toupper

3 #include <iostream h>

4 #include <ctype. h>

5

6 int main()

7 A

8 cout << "According to islower:\n"

9 << (islower( 'p'" ) ? "pis a" "pis not a" )
10 << " |owercase letter\n"

11 << (islower( 'P" ) 2 "Pis a" : "Pis not a" )
12 << " |owercase letter\n"

13 << (islower( '5" ) ?2"5is a" : "5is not a" )
14 << " |owercase letter\n"

15 << (islower( "!" ) 2"l is a" : "! is not a" )
16 << " |lowercase letter\n";

17 cout << "\ nAccording to isupper:\n"

18 << ( isupper( 'D ) ? "Dis an" : "Dis not an" )
19 << " uppercase letter\n"

20 << ( isupper( 'd ) ? "dis an" "d is not an" )
21 << " uppercase letter\n"

22 << ( isupper( '8 ) ? "8 is an" : "8 is not an" )
23 << " uppercase letter\n"

24 << ( isupper('$') ? "$is an" : "$ is not an" )
25 << " uppercase letter\n";

26 cout << "\nu converted to uppercase is "

27 << ( char ) toupper( 'u' )

28 << "\'n7 converted to uppercase is "
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29

<< ( char ) toupper( '7" )

Fig. 16.18 Usingi sl ower ,i supper,t ol ower,andt oupper (part1 of 2).

<< "\n$ converted to uppercase is
<< ( char ) toupper( '$ )

<< "\nL converted to |owercase is
<< ( char ) tolower( 'L'" ) << endl

return O;

}

According to islower:

p is a lowercase letter

P is not a | owercase letter
5is not a |l owercase letter
I is not a |owercase letter

According to isupper

D is an uppercase letter

d is not an uppercase letter
8 is not an uppercase letter
$ is not an uppercase |letter

converted to uppercase is U
converted to uppercase is 7
converted to uppercase is $
converted to | owercase is

& NC

Fig. 16.18 Usingi sl ower ,i supper,t ol ower,andt oupper (part2 of 2).

~NoO ok WNPRE

/1 Fig. 16.19: figl6_19.cpp

/1 Using functions isspace, iscntrl, ispunct, isprint, isgraph
#i ncl ude <i ostream h>

#i ncl ude <ctype. h>

int main()

Fig. 16.19 Usingi sspace,i scntrl ,i spunct,i sprint,andi sgraph (part1 of 3).

cout << "According to isspace:\nNew ine

<< ( isspace( '\n" ) ? "is a" : "is not a" )

<< " whitespace character\nHorizontal tab "

<< ( isspace( '"\t' ) ? "is a" : "is not a" )

<< " whitespace character\n"

<< ( isspace( "% ) ? "%is a" : "%is not a" )

<< " whitespace character\n";
cout << "\nAccording to iscntrl:\nNewline "

<< (iscentrl( "\n" ) ? "is a" : "is not a" )
<< " control character\n"
<< (iscntrl( '$ ) ?2"$is a : "$is not a" )

<< " control character\n";
cout << "\nAccording to ispunct:\n"

<< ( ispunct( ';" ) ? ", isa" : ", is not a" )
<< " punctuation character\n"

<< ( ispunct( 'Y ) ? "Yis a" : "Yis not a" )
<< " punctuation character\n"

<< ( ispunct('#') ? "#is a" : "# is not a" )

<< " punctuation character\n";

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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27 cout << "\nAccording to isprint:\n"

28 << ( isprint( '$ ) ? "$is a" "$ is not a" )

29 << " printing character\nAlert "

30 << ( isprint( "\a'" ) ? "is a" "is not a" )

31 << " printing character\n";

32 cout << "\ nAccording to isgraph:\n"

33 << ( isgraph( 'Q ) ? "Qis a" : "Qis not a" )

34 << " printing character other than a space\nSpace "

35 << ( isgraph(' ') ? "is a" "is not a" )

36 << " printing character other than a space" << endl;
37

38 return O;

39 }

Fig.16.19 Usingi sspace,i scntrl ,i spunct,isprint,andisgraph (part2 of 3).

According to isspace:

Newl i ne i s a whitespace character

Hori zontal tab is a whitespace character
% is not a whitespace character

According to iscntrl:
Newl i ne is a control character
$ is not a control character

According to ispunct:

; 1's a punctuation character

Y is not a punctuation character
# is a punctuation character

According to isprint:
$ is a printing character
Alert is not a printing character

According to isgraph:
Qis a printing character other than a space
Space is not a printing character other than a space

Fig.16.19 Usingi sspace,i scntrl ,i spunct,isprint,andisgraph (part3 of 3).

Prototype Description

doubl e atof ( const char *nPtr )
char *nPtr )
Il ong atol ( const char *nPtr )
doubl e strtod( const

int atoi( const

char *nPtr,

long strtol ( const char *nPtr,

unsi gned long strtoul ( const char *nPtr,

char **endPtr, int

Converts the string nPt r to doubl e.
Convertsthe stringnPt r toi nt .
Convertsthe string nPt r tolongi nt .
char **endPtr )

Convertsthe string nPt r to doubl e.
base )
Convertsthe stringnPt r tol ong.
char **endPtr, int base)

Convertsthe string nPt r tounsi gned
| ong.

Fig. 16.20 Summary of the string conversion functions of the general utilities library.
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1 // Fig. 16.21: figl6_21.cpp
2 |/ Using atof
3 #include <iostream h>
4 #include <stdlib. h>
5
6 int main()
7
8 double d = atof( "99.0" );
9
10 cout << "The string \"99.0\" converted to double is "
11 << d << "\nThe converted val ue divided by 2 is "
12 << d/ 2.0 << endl;
13 return O;
14 1}
The string "99.0" converted to double is 99
The converted val ue divided by 2 is 49.5
Fig. 16.21 Using at of .
1 // Fig. 16.22: figl6_22.cpp
2 |/ Using atoi
3 #include <iostream h>
4 #include <stdlib. h>
5
6 int main()
7
8 int i = atoi( "2593" );
9
10 cout << "The string \"2593\" converted to int is " <<
11 << "\'nThe converted value mnus 593 is " << i - 593
12 << endl;
13 return O;
14 1}
The string "2593" converted to int is 2593
The converted val ue m nus 593 is 2000
Fig. 16.22 Using at oi .
1 // Fig. 16.23: figl6_23.cpp
2 |/ Using atol
3 #include <iostream h>
4  #include <stdlib. h>
5
6 int nain()
7 A
8 long | = atol ( "1000000" );
9
10 cout << "The string \"1000000\" converted to long is " << |
11 << "\ nThe converted value divided by 2 is " << | [/ 2
12 << endl;
13 return O;
14 1}

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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The string "1000000" converted to long int is 1000000
The converted val ue divided by 2 is 500000

Fig. 16.23 Using at ol .

1 // Fig. 16.24: figl6_24.cpp
/1 Using strtod

#i ncl ude <i ostream h>

#i nclude <stdlib. h>

int main()

doubl e d;
char *string = "51.2% are adm tted", *stringPtr;

OCO~NOOOTA~WN

Fig. 16.24 Using st rt od (part 1 of 2).

10

11 d = strtod( string, &stringPtr );

12 cout << "The string \"" << string

13 << "\" is converted to the\ndouble value " << d

14 << " and the string \"" << stringPtr << "\"" << endl;
15 return O;

16 }

The string "51.2% are adnitted" is converted to the
doubl e value 51.2 and the string "% are adnmitted"

Fig. 16.24 Using st rt od (part 2 of 2).

/1 Fig. 16.25: figl6_25.cpp
/1 Using strtol

#i ncl ude <i ostream h>

#i nclude <stdlib. h>

int main()

I ong x;
char *string = "-1234567abc", *remminderPtr;

OCO~NOOUTAWNPF

Fig. 16.25 Using strt ol (part1 of 2).

10

11 x = strtol ( string, & enminderPtr, 0 );

12 cout << "The original string is \"" << string

13 << "\"\nThe converted value is " << x

14 << "\ nThe remai nder of the original string is \""
15 << renmi nderPtr

16 << "\"\nThe converted val ue plus 567 is "

17 << X + 567 << endl;

18 return O;

19 }

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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The original string is "-1234567abc"

The converted val ue is -1234567

The remai nder of the original string is "abc"
The converted val ue plus 567 is -1234000

Fig. 16.25 Using strt ol (part2 of 2).

1 // Fig. 16.26: figl6_26.cpp

2 |/ Using strtoul

3  #include <iostream h>

4 #include <stdlib. h>

5

6 int main()

7

8 unsi gned | ong x;

9 char *string = "1234567abc", *remai nderPtr;

10

11 X = strtoul ( string, & enminderPtr, 0 );

12 cout << "The original string is \"" << string
13 << "\"\'nThe converted value is " << x

14 << "\'nThe renuni nder of the original string is \""
15 << remai nderPtr

16 << "\"\'nThe converted val ue mnus 567 is "
17 << X - 567 << endl;

18 return O;

19 }

Fig. 16.26 Using strt oul (part1 of2).

The original string is "1234567abc"

The converted value is 1234567

The remai nder of the original string is "abc"
The converted val ue m nus 567 is 1234000

Fig. 16.26 Using st rt oul (part2 of 2).

Prototype

Description

char *strchr(

const char *s, int c)

Locates the first occurrence of character ¢ instring s. If ¢ isfound, a
pointer to ¢ in s isreturned. Otherwise, a NULL pointer is returned.

size_t strcspn( const char *sl1, const char *s2 )

Determines and returns the length of the initial segment of strings1

consisting of characters not contained in string s2.

size_t strspn( const char *sl1, const char *s2)

Determines and returns the length of the initial segment of strings1

consisting only of characters contained in string s 2.

char *strpbrk( const char *sl1, const char *s2)

Fig. 16.27 Search functions of the string handling library.

© Copyright 1998 by Prentice Hall. All Rights Reserved.
For use only by instructors in courses for which C++ How to Program, Second Editon is the required textbook.

17



CHAPTER 16 BITS, CHARACTERS, STRINGS, AND STRUCTURES

Prototype Description

Locatesthefirst occurrencein string s1 of any character in string s 2.
If a character from string s2 isfound, a pointer to the character in
string s 1 isreturned. Otherwise a NULL pointer is returned.

char *strrchr( const char *s, int c )

Locates the last occurrence of ¢ instring s. If ¢ isfound, apointer to
¢ instring s isreturned. Otherwise, aNULL pointer is returned.

char *strstr( const char *sl1, const char *s2 )

Locates the first occurrencein string s1 of string s2. If the string is
found, a pointer to the string in s1 is returned. Otherwise, a NULL
pointer is returned.

Fig. 16.27 Search functions of the string handling library.

CoOo~NOUIThWNBEF

/1 Fig. 16.28: figl6_28.cpp
/1 Using strchr

#i ncl ude <i ostream h>

#incl ude <string. h>

int main()
char *string = "This is a test";
char characterl = 'a', character2 = "'2z';
if ( strchr( string, characterl ) !'= NULL )
cout << '\'' << characterl << "' was found in \""
<< string << "\".\n";
el se
cout << '\'' << characterl << "' was not found in \""
<< string << "\".\n";
if ( strchr( string, character2 ) !'= NULL )
cout << '\'' << character2 << "' was found in \""
<< string << "\".\n";
el se
cout << '\'' << character2 << "' was not found in \""
<< string << "\"." << endl;
return O;

'a' was found in "This is a test".
'z' was not found in "This is a test".

Fig. 16.28 Using Strchr.

OCO~NOOUTAWNPF

/1 Fig. 16.29: figl6_29.cpp
/1 Using strcspn

#i ncl ude <i ostream h>

#incl ude <string. h>

int main()

"The value is 3.14159";
"1234567890";

char *stringl
char *string2

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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cout << "stringl = << stringl << "\nstring2 =" << string2
<< "\'n\nThe length of the initial segment of stringl"
<< "\'ncontai ning no characters fromstring2 ="
<< strcspn( stringl, string2 ) << endl;

return O;
stringl = The value is 3.14159
string2 = 1234567890

The length of the initial segnent of stringl
cont ai ni ng no characters fromstring2 = 13

Fig. 16.29 Using St rcspn.

1

Coo~NOUThhwWN

10

12
13
14
15
16

/1 Fig. 16.30: figl6_30.cpp
/1 Using strpbrk

#i ncl ude <i ostream h>

#i ncl ude <string. h>

int main()

"This is a test";
"bewar e";

char *stringl =

char *string2 =

cout << "OF the characters in \"" << string2 << "\"\n"'"
<< *strpbrk( stringl, string2 ) << '"\''

<< " is the first character to appear in\n\""
<< stringl << '"\"' << endl;
return O;

O the characters in "beware"
'a' is the first character to appear in
"This is a test"

Fig. 16.30 Using st r pbr k.

OCoO~NOOOUITh WN P

/1 Fig. 16.31: figl6_31.cpp
/1 Using strrchr

#i ncl ude <i ostream h>

#incl ude <string. h>

int main()

{

char *stringl = "A zoo has many aninals including zebras";
int ¢c="2";
cout << "The remai nder of stringl beginning with the\n"

<< "l ast occurrence of character '" << (char) c¢

<< "' js: \"" << strrchr( stringl, ¢ ) << '\"' << endl;
return O;

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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The remai nder of stringl beginning with the

| ast occurrence of character 'z' is: "zebras"

Fig. 16.31 Usingstrrchr.

1 /] Fig. 16.32: figl6_32.cpp

2 /] Using strspn

3 #include <iostream h>

4 #include <string. h>

5

6 int nain()

7

8 char *stringl = "The value is 3.14159";

9 char *string2 = "aehilsTuv ";

10

11 cout << "stringl =" << stringl

12 << "\nstring2 = " << string2

13 << "\n\nThe length of the initial segnent of stringl\n"

14 << "containing only characters fromstring2 ="

15 << strspn( stringl, string2 ) << endl;

16 return O;

17 '}

Fig. 16.32 Using St r spn (part 1 of 2).
stringl = The value is 3.14159
string2 = aehil sTuv
The length of the initial segnent of stringl
contai ning only characters fromstring2 = 13

Fig. 16.32 Using St r spn (part 2 of 2).

1 // Fig. 16.33: figl6_33.cpp

2 /] Using strstr

3 #include <iostream h>

4 #include <string. h>

5

6 int nain()

7

8 char *stringl = "abcdefabcdef";

9 char *string2 = "def";

10

11 cout << "stringl =" << stringl << "\nstring2 =" << string2

12 << "\ n\nThe remai nder of stringl beginning with the\n"

13 << "first occurrence of string2 is: "

14 << strstr( stringl, string2 ) << endl;

15 return O;

16 }

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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abcdef abcdef
def

stringl =
string2 =
The remai nder of stringl beginning with the
first occurrence of string2 is: defabcdef

Fig. 16.33 UsingStrstr.

Prototype Description

void *mencpy( void *sl1, const void *s2, size_t n)
Copies n characters from the object pointed to by s2 into the object
pointed to by s1. A pointer to the resulting object is returned.

voi d *menmove( void *sl1, const void *s2, size_t n)

Copies n characters from the object pointed to by s2 into the object
pointed to by s1. The copy is performed asif the characters are first
copied from the object pointed to by s2 into atemporary array, then
from the temporary array into the object pointed to by s1. A pointer
to the resulting object is returned.

int mencnp( const void *sl, const void *s2, size_t n)

Comparesthefirst n characters of the objects pointed to by s1 and
s2. Thefunction returns 0, lessthan 0, or greater than 0 if s1 is
equal to, lessthan, or greater than s2.

void *menchr( const void *s, int c, size_t n)
Locatesthe first occurrence of ¢ (convertedtounsi gned char)in
the first n characters of the object pointed to by s. If ¢ isfound, a
pointer to ¢ in the object is returned. Otherwise, 0 is returned.

void *menset( void *s, int c, size_t n)

Copiesc (convertedtounsi gned char ) intothefirst n characters
of the object pointed to by s. A pointer to the result is returned.

Fig. 16.34 The memory functions of the string handling library.

1 // Fig. 16.35: figl6_35.cpp

2 |l Using mencpy

3 #include <iostream h>

4 #include <string. h>

5

6 int nain()

7 A

8 char s1[ 17 ], s2[] = "Copy this string";

9

10 mencpy( s1, s2, 17 );

11 cout << "After s2 is copied into s1 with mencpy,\n"
12 << "sl contains \"" << sl << '"\"' << endl;
13 return O;

14}

© Copyright 1998 by Prentice Hall. All Rights Reserved.
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After s2 is copied into s1 with nmencpy,
sl contains "Copy this string"

Fig. 16.35 Using mencpy.

1 // Fig. 16.36: figl6_36.cpp
2 |/ Using nemove
3 #include <iostream h>
4 #include <string. h>
5
6 int nain()
7 A
8 char x[] = "Hone Sweet Hone";
9
10 cout << "The string in array x before menmove is: " << x;
11 cout << "\nThe string in array x after menmove is: "
12 << (char *) nemmove( x, &[ 5], 10 ) << endl;
13 return O;
14}
The string in array x before nmenmove is: Home Sweet Home
The string in array x after menrmove is: Sweet Hone Home
Fig. 16.36 Using menNmMDVe.
1 // Fig. 16.37: figl6_37.cpp
2 [/ Using nmencnp
3 #include <iostream h>
4 #include <iomanip.h>
5 #include <string. h>
6
7 int nmain()
8
9 char sl1[] = "ABCDEFG', s2[] = "ABCDXYZ";
10
11 cout << "sl = " << sl << "\ns2 =" << s2 << endl
12 << "\'nnencnp(sl, s2, 4) =" << setwm 3)
13 << mencnp( s1, s2, 4 ) << "\nnmencnp(sl, s2, 7) ="
14 << setw( 3 ) << menmcnp( s1, s2, 7))
15 << "\'nnencnp(s2, s1, 7) =" << setwm 3)
16 << nmencnp( s2, sl, 7 ) << endl;
17 return O;
18 }
sl = ABCDEFG
s2 = ABCDXYZ
mencnp(sl, s2, 4) = 0
menmcnp(sl, s2, 7) = -19
mencnp(s2, s1, 7) = 19
Fig. 16.37 Using mencn.
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1 // Fig. 16.38: figl6_38.cpp

2 /] Using nenchr

3  #include <iostream h>

4 #include <string. h>

5

6 int main()

7

8 char *s = "This is a string";

Fig. 16.38 Using nenchr (part 1 of 2).

9

10 cout << "The remai nder of s after character 'r' "
11 << "is found is \"" << (char *) menchr( s, 'r', 16 )
12 << "\"' << endl;

13 return O;

14 1}

The remni nder of s after character 'r'

is found is "ring"

Fig

.16.38 Using nenchr (part 2 of 2).

1 // Fig. 16.39: figl6_39.cpp

2 |/ Using nenset

3 #include <iostream h>

4 #include <string. h>

5

6 int nain()

7

8 char stringl[ 15 ] = "BBBBBBBBBBBBBB";

9

10 cout << "stringl =" << stringl << endl;

11 cout << "stringl after nemset ="

12 << (char *) nenset( stringl, 'b', 7 ) << endl;

13 return O;

14 3}
stringl = BBBBBBBBBBBBBB
stringl after nenset = bbbbbbbBBBBBBB

Fig. 16.39 Using nenset .

Prototype Description

char *strerror(

int errornum)

Mapser r or numinto afull text string in a system dependent man-

ner. A pointer to the string is returned.

Fig. 16.40 Another string manipulation function of the string handling library.
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/1 Fig. 16.41: figl6_41.cpp
/1 Using strerror

#i ncl ude <i ostream h>

#i ncl ude <string. h>

int main()

cout << strerror( 2 ) << endl;
return O;

QOO ~NOUTAWNPE

=

No such file or directory

Fig. 16.41 UsingStrerror.
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