
1101

11 ,

( )

@@
��

C






int a;

32 , 2

float a;

32 ,IEEE 754

double a;

64 ,IEEE 754

a
—
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int, float, double, ...

1

@@
��

—
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























char · · ·8

char, ...........

int · · ·[signed] int, unsigned [int], ............

· · · int






float

double

long double

void · · ·






· · ·

· · · (char (*)(int,double)) ...

· · · (int *) ...

· · · 1

· · ·1

—
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,

( )

1 ( , )

C

C

—
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11–1 char, short, int, long, unsigned

• char, short, int, long (

unsigned ) ANSI

( )
char = 8

long ≥ int

≥ short

≥ 16

long ≥ 32

—
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• <limits.h>

CHAR BIT · · · char

INT MIN · · · int

INT MAX · · · int

LONG MIN · · · long

LONG MAX · · · long

. . . . . . . . . . . . . . . . . . .

• int

1

—
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• 8 16 32

8 −128 127

signed 16 −32768 32767

32 −2147483648 2147483647

8 0 255

unsigned 16 0 65535

32 0 4294967295

• C

@@
��

C
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&

$

%

[motoki@x205a]$ nl datatype-int-overflow-Kelley.c Enter

1 #include <stdio.h>

2 #define BIG 2000000000

3 int main(void)

4 {

5 int a, b=BIG, c=BIG;

6 a = b + c;

7 printf("a=%d b=%d c=%d\n", a, b, c);

8 return 0;

9 }

[motoki@x205a]$ gcc datatype-int-overflow-Kelley.c Enter

[motoki@x205a]$ ./a.out Enter

a=-294967296 b=2000000000 c=2000000000

[motoki@x205a]$—
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• int, long, unsigned long

( )

• long, unsigned, ...

37u, 37U unsigned

37l, 37L long

37ul, 37UL unsigned long

• 8 10

456 10

0456 8 (10 4×82+5×81 +6×80=302 )

0x456 16 (10 4×162+5×161 +6×160=1110

0xaBc 16 (10 10×162+11×161 +12×160=2748

—
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• unsigned

n

bn-1 bn-2 bn-3 · · · · · · b2 b1 b0

n-1
i=0bi×2i

• signed

n

bn-1 bn-2 bn-3 · · · · · · b2 b1 b0

−bn-1×2n-1 +
n-2
i=0bi×2i

—
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11–2

•
@@
��

• float( ),

double( , C ),

long double(4 )







3

•

float ≤ double ≤ long double

—
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• <float.h>

FLT MAX · · · float

DBL MAX · · · double

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

—



1113

• 123.4, 123., .4, 123.4e5, .4E+5, 123e-5, ...

double

• float f F

123.4f, .4E+5F, ...

• long double l L

123.4l, .4E+5L, ...¿ � ¿ � » ¿ � É � �¸ �

¿ � » ¿ �

É � � ¿Å ¿ � ¿
¡ ¿ ��» ¿ � £�

É � �¸ � �	
�

—
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• float , double 4 ,

8 10 6 , 15

-38 +38, -308 +308

[

]

IEEE 754

• 4

1 % � � 8 % � � 23 % � � (10 6 7 ) 32 % � �

1 % � � 11 % � � 52 % � � (10 15 16 ) 64 % � �

4 1 % � � 15 % � � 112 % � � (10 33 34 ) 128 % � �

—
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• 32

s
︸︷︷︸

e7e6 · · · e1e0
︸ ︷︷ ︸

d1d2 · · ·d22d23
︸ ︷︷ ︸







(−1)s×(1+M)×2E if −127<E<128

(−1)s×M×2E+1 if E= −127

Inf( ) if E=128, M=0

NaN( ,Not a Number) if E=128, M6=0

M =
23
i=1di×2-i



















d0=1

1.d1d2 · · ·d22d23
2



















E =
7
i=0ei×2i − 127

—
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11–3 C — char

•C a

’a’

97

’a’ ’b’ ’c’ · · · · · · ’z’

(8 ) ’\141’ ’\142’ ’\143’ · · · · · · ’\172’

(16 ) ’\x61’ ’\x62’ ’\x63’ · · · · · · ’\x7A’

97 98 99 · · · · · · 122

’A’ ’B’ ’C’ · · · · · · ’Z’

65 66 67 · · · · · · 90

’0’ ’1’ ’2’ · · · · · · ’9’

48 49 50 · · · · · · 57

’&’ ’*’ ’+’ · · · · · · · · · · · ·

38 42 43 · · · · · · · · · · · ·
—
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’\0’( % � J ; ) ’\a’( 7 9 ) ’\b’( 8 B )

(8 ) ’\000’ ’\007’ ’\010’

(16 ) ’\x00’ ’\x07’ ’\x0’

0 7 8

’\t’( ? � � � ) ’\n’( 2 � ) ’\v’( � D � � )

9 10 11

’\f’( � A $ ) ’\r’( I 5 ) ’\"’(2 = 0 M � )

12 13 34

’\’’( 0 M � ) ’\\’ ( � � 	 
 � � � 
 )

39 92

—
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• ( ) char

• char ( )






signed char

unsigned char

• ’a’, ’b’, ... int

—
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• char 1

’a’ char

7 6 5 4 3 2 1 0

0 1 1 0 0 0 0 1

@@
��

a = 26 + 25 + 20 = 97

b7 b6 b5 b4 b3 b2 b1 b0
unsigned char

7
i=0bi×2i

signed char

−b7×27 +
6
i=0bi×2i �

�
�
�2
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@@
��

unsigned char 0 255

signed char −128 127
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•C char

char

[

]

@@
��

3 int ( short ,long )

3 char

—
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11. 6 (C )

[motoki@x205a]$ nl datatype-char-Kelley.c

1 #include <stdio.h>

2 int main(void)

3 {

4 char c=’a’;

5 printf("%c %c %c\n", c, c+1, c+2);

6 printf("%d %d %d\n", c, c+1, c+2);

7 return 0; 10

7 }

[motoki@x205a]$ gcc datatype-char-Kelley.c

[motoki@x205a]$ ./a.out

a b c

97 98 99

[motoki@x205a]$

—
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11–4 C — char

C

• char

• ’\0’
@@
��

( ) ≥ ( )

0 1 2 3 4 5 6

’s’ ’t’ ’r’ ’i’ ’n’ ’g’ ’\0’ · · ·

• 2

• char

char s[]="string";

(char s[]={’s’,’t’,’r’,’i’,’n’,’g’,’\0’}; )

•
@@
��

10.8
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&

$

%

3

@@
��

char *p="abc";

"abc"[1] *("abc"+2)

3 2 :
char *p="abc"; · · · p

@@
��

p ”abc”

char a[]="abc"; · · · a

3 ’\0’

[ ]

—
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11. 8 ( ) 10

w 1 80

w C

( )

w






1© 1 ,

2© 1 w ,

3© 1

—
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( )

w






1© 1 ,

2© 1 w ,

3© 1

• 1

fgets()

(=⇒ 10.8 )

•

strstr()

• w

strlen()

•

toupper()
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( )






w char word[ ]

w

char WORD[ ]

1 char line[ ]

1

remaining seq

,






=⇒=⇒=⇒ =⇒=⇒=⇒

( )
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[motoki@x205a]$ nl toupper-some-words-in-sentences.c Enter

1 /* 10 w 1 80 */

2 /* w */

3 /* C */

4 /* ( */

5 /* ) */

6 #include <stdio.h>

7 #include <string.h>

8 #include <ctype.h>

9 int main(void)

10 {

11 char word[11], WORD[11], line[82], *remaining_seq;

12 int word_length, i; /* 1 */

13 /* 80 + +’\0’ */

14 scanf("%10s", word); /* */
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15 word_length=strlen(word);

16 for (i=0; i<word_length; i++)

17 WORD[i]=toupper(word[i]);

18 WORD[word_length]=’\0’;

19 printf(" %s \n", word);

20 while (fgets(line, 82, stdin)!=NULL) { /* 1 ...*/

21 remaining_seq = line;

22 while ((remaining_seq=strstr(remaining_seq, word))

!=NULL) {

23 for (i=0; i<word_length; i++)

24 remaining_seq[i]=WORD[i];

25 remaining_seq += word_length;

26 }

27 printf(" %s", line);

28 }

29 return 0;

30 }

[motoki@x205a]$
—
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[motoki@x205a]$ gcc toupper-some-words-in-sentences.c Enter

[motoki@x205a]$ cat toupper-some-words-in-sentences.data Enter

language

------

Why C?

------

C is a small language. And small is beautiful in programming.

C has fewer keywords than Pascal, where they are known as

reserved words, yet it is arguably the more powerful language.

C gets its power by carefully including the right control

structures and data types and allowing their uses to be nearly

unrestricted where meaningfully used. The language is readily

learned as a consequence of its functional minimality. C is

the native language of UNIX, and UNIX is a major interactive

operating system on workstation, servers, and mainframes.

Also, C is the standard development language for personal

computers. Much of MS-DOS and OS/2 is written in C. Many

windowing packages, database programs, graphics libraries, and

other large-application packages are written in C.

(A.Kelly&I.Pohl, "A Book on C" 4th ed., Addison-Wesley, 1998.)

[motoki@x205a]$ ./a.out <toupper-some-words-in-sentences.data Enter
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language

------

Why C?

------

C is a small LANGUAGE. And small is beautiful in programming.

C has fewer keywords than Pascal, where they are known as

reserved words, yet it is arguably the more powerful LANGUAGE.

C gets its power by carefully including the right control

structures and data types and allowing their uses to be nearly

unrestricted where meaningfully used. The LANGUAGE is readily

learned as a consequence of its functional minimality. C is

the native LANGUAGE of UNIX, and UNIX is a major interactive

operating system on workstation, servers, and mainframes.

Also, C is the standard development LANGUAGE for personal

computers. Much of MS-DOS and OS/2 is written in C. Many

windowing packages, database programs, graphics libraries, and

other large-application packages are written in C.

(A.Kelly&I.Pohl, "A Book on C" 4th ed., Addison-Wesley, 1998.)

[motoki@x205a]$

—
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(1 )

2 char

char name[][14]={ /* name[k]

"Illegal month", /* = k */

"January", "February", "March",

"April", "May", "June",

"July", "August", "September",

"October", "November", "December"

};
−→ j

0 1 2 3 4 5 6 7 8 9 10 11 12 13

0 ’I’ ’l’ ’l’ ’e’ ’g’ ’a’ ’l’ ’ ’ ’m’ ’o’ ’n’ ’t’ ’h’ ’\0’

1 ’J’ ’a’ ’n’ ’u’ ’a’ ’r’ ’y’ ’\0’

2 ’F’ ’e’ ’b’ ’r’ ’u’ ’a’ ’r’ ’y’ ’\0’

3

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·

10

↓ 11 ’N’ ’o’ ’v’ ’e’ ’m’ ’b’ ’e’ ’r’ ’\0’

i 12 ’D’ ’e’ ’c’ ’e’ ’m’ ’b’ ’e’ ’r’ ’\0’
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char *name[]={ /* name[k] */

"Illegal month", /* = k */

"January", "February", "March",

"April", "May", "June",

"July", "August", "September",

"October", "November", "December"

};

Illegal month \0

January \0

February \0

December \0

name

—
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11–5 typedef

C

11. 9 ( )

typedef int CentiMeter, Meter, KiroMeter;

int CentiMeter,

Meter, KiroMeter

CentiMeter height;

KiroMeter distance;
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11. 10 ( )

typedef char *String;

String s = "abc";

char *s = "abc";'

&

$

%
char *String; String

s

@@
��

typedef char

String

—
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11. 11

typedef float Vector[10];

Vector v1, v2;

float v1[10], v2[10];

@@
��

typedef 10 float

Vector

—
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typedef

•

•

•

—



1138

11–6

Pascal Fortran90 ( ) C

1

C

1



1139

11. 12 ( ; )

pips (int) · · · 1 13
suit (char) · · · ’s’, ’h’, ’d’, ’c’

c1, c2

( 1)
struct {

int pips;

char suit;

} c1, c2;







( 2) ( ) ...
struct card {

int pips;

char suit;

};

struct card c1, c2;







struct card
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( 3)

...
struct card {

int pips;

char suit;

};

typedef struct card Card;

Card c1, c2;







struct card Card

( 4) ...
typedef struct {

int pips;

char suit;

} Card;

Card c1, c2;







Card

—
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•

•

—
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• 2

.

->

· · ·








(* ).

• . ->

( )

11. 13 ( ; ) 11.12

c1, c2

c1.pips = 3;

c1.suit = ’s’;

c2 = c1;

3 2 c1, c2
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11. 14 ( )

struct person {

int id;

char name[40];

long phone;

};

.name[5]

↑








. []







—
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11. 15 ( ) 100

(5 ), (100 )

( )

C

( )

5 ( ) ’\0’

6 char 0 100 ( )

8

@@
��

id ( 6 char ) · · · (5 )

math (int ) · · · (0 100 )

100 100

—
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11. 15 ( ) 100

(5 ), (100 )

( )

C

( ) @@
��

id ( 6 char ) · · · (5 )
math (int ) · · · (0 100 )

100 100

9.6

2 ( )

strcmp() (=⇒ 10.8 )
—
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( )

Student

student

id ( 6 char ) · · ·

math (int ) · · ·
typedef struct {

char id[6];

int math;

} Student;

Student student[101]; 101

—
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[motoki@x205a]$ nl sort-student-struct-data.c Enter

1 /* 100

2 /* (5 ), (100 )

3 /* ( ) */

4 /* C

5 #include <stdio.h>

6 #include <string.h>

7 typedef struct {

8 char id[6];

9 int math;

10 } Student;

11 int main(void)

12 {

13 Student student[101], temp;

14 int num, scanf_val, k, i;
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15 /* */ 101

16 for (num=0; num<101; ) {
17 scanf_val = scanf("%5s %d",

student[num].id, &student[num].math);
18 if (scanf_val == 2)
19 num++;
20 else if (scanf_val == EOF)
21 break;
22 else {
23 printf("Warning: Illegal data appears.(%d-th data)\n",

num);
24 break;
25 }
26 }

27 if (num == 101) {
28 printf("Warning: There are 101 or more students.\n"
29 " ==> We process first 101 students.\n");
30 }
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31 /* */

32 for (k=0; k<num-1; k++) {

33 for (i=num-1; i>k; i--)

34 if (strcmp(student[i-1].id, student[i].id) > 0) {

35 temp = student[i-1]; /*student[i-1] student[i]*/

36 student[i-1] = student[i]; /* ...*/

37 student[i] = temp;

38 }

39 }

40 /* */

41 printf(" id. math.\n"

42 "----- -----\n");

43 for (k=0; k<num; k++)

44 printf("%5s %3d\n", student[k].id, student[k].math);

45 return 0;

46 }

[motoki@x205a]$
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[motoki@x205a]$ gcc sort-student-struct-data.c Enter

[motoki@x205a]$ cat sort-student-struct-data.data Enter

T8100 100

T8050 78

T8022 80

T8011 50

T8064 35

T8037 90

T8001 72

T8005 0

T8046 68

T8055 46

[motoki@x205a]$ ./a.out < sort-student-struct-data.data Enter

id. math.

----- -----

T8001 72

T8005 0
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T8011 50

T8022 80

T8037 90

T8046 68

T8050 78

T8055 46

T8064 35

T8100 100

[motoki@x205a]$

—
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11–7

• 1

•

( struct union )

•

11. 18 ( ) float

int 16 C
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( ) 1 float int

i

f







(int/float ) · · ·







int

float

int 16

printf( ) %x

—
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( )

[motoki@x205a]$ nl union-int-or-float.c Enter

1 /*----------------------------------------------------*/

2 /* float */

3 /* int 16 C */

4 /*----------------------------------------------------*/

5 #include <stdio.h>

6 typedef union {

7 int i;

8 float f;

9 }Number;

10 int main(void)

11 {

12 Number num;
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13 scanf("%f", &num.f);

14 printf("Float number %g and int number %d are\n"

15 " commonly represented by a bit sequence %#.8x.\n",

16 num.f, num.i, num.i);

17 return 0; 0x , 8

18 }

[motoki@x205a]$ gcc union-int-or-float.c Enter

[motoki@x205a]$ ./a.out Enter

1.0 Enter

Float number 1 and int number 1065353216 are

commonly represented by a bit sequence 0x3f800000.

[motoki@x205a]$ ./a.out Enter

1e-38 Enter

Float number 1e-38 and int number 7136238 are

commonly represented by a bit sequence 0x006ce3ee.

[motoki@x205a]$ ./a.out Enter
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1e-45 Enter

Float number 1.4013e-45 and int number 1 are

commonly represented by a bit sequence 0x00000001.

[motoki@x205a]$
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