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5

( )

@@
��

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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




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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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5–1 C --- char---

• C a

’a’

97

ASCII
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3
0 1 2 3 4 5 6 7

0 0 @ P ` p
1 1 ! 1 A Q a q
2 2 " 2 B R b r
3 3 # 3 C S c s
4 4 $ 4 D T d t

4 5 % 5 E U e u
6 & 6 F V f v
7 ’ 7 G W g w
8 ( 8 H X h x
9 ) 9 I Y i y
A * : J Z j z
B + ; K [ k {
C , < L \ l |
D - = M ] m }
E . > N ^ n ~
F / ? O o ...

︸ ︷︷ ︸

"K"

3 8 "4"

4 16 "B"







=⇒ 2 "100 1011"
---
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’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

@@
��

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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5. 1 (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;

8 } 10

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

[motoki@x205a]$ ./a.out

a b c

97 98 99

[motoki@x205a]$

---
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5–2 1 ---getchar() putchar()---

• getchar putchar







int getchar(void)

· · · stdin

int putchar(int )

· · ·

stdout'

&

$

%

char EOF

char int

#define EOF (-1)

EOF

char
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• getchar int

getchar int

• " "

putchar int

[ ]

• getchar putchar <stdio.h>

5. 2 ( → )

C

---
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5. 2 ( → )

C

( ) p.131

97(=’a’) 122(=’z’), 65(=’A’) 90(=

’Z’) c ’a’

’z’ c−’a’+’A’

( )

[motoki@x205a]$ nl datatype-lower2upper-Kelley.c

1 #include <stdio.h>

2 int main(void)

3 {

4 int c;
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5 while ((c = getchar()) != EOF)

6 if (’a’ <= c && c <= ’z’)

7 putchar(c - ’a’ + ’A’);

8 else

9 putchar(c);

10 return 0;

11 }

[motoki@x205a]$ gcc datatype-lower2upper-Kelley.c

[motoki@x205a]$ ./a.out

a

A

B

B

Ctrl-d

[motoki@x205a]$

---
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5. 3 (8bit ) 8 ( 0 1

)

b7 b6 b5 b4 b3 b2 b1 b0

1© unsigned char ( )
7
i=0bi×2i

2© signed char

−b7×27 +
6
i=0bi×2i

C

---
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( ) ’0’, ’1’ c

c−’0’

7
i=0bi×2i = ((...((b7×2+b6)×2+b5)...)×2+b1)×2+b0

−b7×27 +
6
i=0bi×2i

= ((...((−b7×2+b6)×2+b5)...)×2+b1)×2+b0

( ) c

int b7, b6, b5, b4, b3, b2, b1,

b0 int bit[7] bit[0]
7
i=0bi×2i, −b7×27+

6
i=0bi×2i

unsigned val, signed val

---
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[motoki@x205a]$ cat -n datatype-bit-string-as-char.c

1 /* 8 0 1 */

2 /* (1) unsigned char */

3 /* ( ) */

4 /* (2) signed char */

5 /* */

6 /* C */

7

8 #include <stdio.h>

9 #include <stdlib.h>

10

11 int main(void)

12 {

13 int c, bit[8], i;

14 unsigned char unsigned_val;

15 signed char signed_val;

16
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17 printf("Input a bit string of length 8: ");

18 for (i=7; i >= 0; ){

19 switch (c = getchar()) {

20 case ’0’: case ’1’:

21 bit[i--] = c-’0’;

22 break;

23 case ’ ’: case ’\n’: case ’\t’:

24 break;

25 default:

26 printf("Invalid character appears.\n");

27 exit(EXIT_FAILURE);

28 }

29 }

30

31 unsigned_val = bit[7];

32 signed_val = -bit[7];

33 for (i=6; i>=0; i--) {
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34 unsigned_val = unsigned_val*2 + bit[i];

35 signed_val = signed_val*2 + bit[i];

36 }

37

38 printf("\n==>The input bit string can be interpreted

39 " have a value %d as an unsigned char data,

40 " have a value %d as a signed char data.\n",

41 unsigned_val, signed_val);

42 return 0;

43 }

[motoki@x205a]$ gcc datatype-bit-string-as-char.c

[motoki@x205a]$ ./a.out

Input a bit string of length 8: 1111 1010

==>The input bit string can be interpreted to

have a value 250 as an unsigned char data, and

have a value -6 as a signed char data.
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[motoki@x205a]$ ./a.out

Input a bit string of length 8: 0 1 0 1

0 111

==>The input bit string can be interpreted to

have a value 87 as an unsigned char data, and

have a value 87 as a signed char data.

[motoki@x205a]$

---
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5–3 int

•

• int 1












CPU

1 =32

1 =64













• 1 32 int 32

@@
��

232

@@
��

−231 = −2147483648

231−1 = 2147483647

•
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1 =32 32

b31 b30 b29 · · · · · · b2 b1 b0
int

−b31×231 +
30
i=0bi×2i

---
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• C

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

#include <stdio.h>

#define BIG 2000000000

int main(void)

{

int a, b=BIG, c=BIG;

a = b + c;

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

return 0;

}

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

[motoki@x205a]$ ./a.out

a=-294967296 b=2000000000 c=2000000000

[motoki@x205a]$
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@@
��

C
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• 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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5–4 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
.....................

---
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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

• int, long, unsigned long

( )

• long, unsigned, ...

37u, 37U unsigned

37l, 37L long

37ul, 37UL unsigned long
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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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5–5

• ( )

•

•

· · ·

enum boolean {NO, YES, FALSE=0, TRUE};

· · · NO, YES, FALSE, TRUE ( )

0, 1, 0, 1
enum month {JAN=1,FEB,MAR,APR,MAY,JUN,

JUL,AUG,SEP,OCT,NOV,DEC};

· · · JAN, FEB, MAR, . . ., DEC ( )

1, 2, 3, . . ., 12

•

enum boolean sw;
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5–6

~ · · ·

1 & 2 · · ·

1 ^ 2 · · ·

1 | 2 · · ·

1 << 2 · · ·







1 2







1 >> 2 · · ·







1 2







---
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5. 4 (1 ,2 ,2 ) 1

1 ,2 ,2 5 ,2 −5 C

( )

1

2

2

2 1

2 5 ,2 −5

2 5

, 5

( )

[motoki@x205a]$ cat -n datatype-complement-2pow.c
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1 #include <stdio.h>

2

3 int main(void)

4 {

5 int a;

6

7 scanf("%d", &a);

8 printf("1’s complement of %d = %d\n"

9 "2’s complement of %d = %d\n"

10 "%d * (2 raised to the 5 power) = %d\n"

11 "%d * (2 raised to the -5 power) = %d\n",

12 a, ~a, a, ~a+1, a, a<<5, a, a>>5);

13 return 0;

14 }

[motoki@x205a]$ gcc datatype-complement-2pow.c

[motoki@x205a]$ ./a.out

1234567
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1’s complement of 1234567 = -1234568

2’s complement of 1234567 = -1234567

1234567 * (2 raised to the 5 power) = 39506144

1234567 * (2 raised to the -5 power) = 38580

[motoki@x205a]$

---



557

5. 5 (int ) int 1

0 1 C

( ) int 32 1<<31

2 "10000000 00000000 00000000 00000000"

2 1<<31 2

2

"10000000 00000000 00000000 00000000"

"00000000 00000000 00000000 00000000"

( 0)

int a 1<<31 &(

) 0 a

’0’ a ’1’
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a a

1

( )

[motoki@x205a]$ cat -n datatype-bit-rep-of-int.c

1 #include <stdio.h>

2

3 int main(void)

4 {

5 int a, i, mask=1<<31;

6

7 scanf("%d", &a);

8 printf("Integer %d is internally represented "

"by the bit sequence\n"
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9 " ", a);

10

11 for (i=0; i<32; i++) {

12 if (i%8 == 0)

13 putchar(’ ’);

14 putchar((a&mask)==0 ? ’0’ : ’1’);

/* a&mask==0 */

15 a = a<<1;

16 }

17 printf(".\n");

18 return 0;

19 }

[motoki@x205a]$ gcc datatype-bit-rep-of-int.c

[motoki@x205a]$ ./a.out

1024

Integer 1024 is internally represented by the bit sequence

00000000 00000000 00000100 00000000.
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[motoki@x205a]$ ./a.out

-1

Integer -1 is internally represented by the bit sequence

11111111 11111111 11111111 11111111.

[motoki@x205a]$

---
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5–7

•
@@
��

• float( ),

double( , C ),

long double(4 )







3

•

float ≤ double ≤ long double

---
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• <float.h>

FLT MAX · · · float

DBL MAX · · · double

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

---
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• 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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26 IEEE 754( )
@@
��

26.0 (−1)s×(1+M)×2E

26.0 = 11010.0 (2 )

= 1.10100 × 24

= (−1)0×(1+0.10100)×24

@@
��

2 s=0, M=0.10100, E=4

@@
��

se7e6 · · · e1e0d1d2 · · · d22d23 26

M =
23
i=1di×2-i = 0.10100

d1 = 1

d2 = 0

d3 = 1

d4 = 0

d5 = 0

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

E =
7
i=0ei×2i− 127 = 4

7
i=0ei×2i = 131

= 10000011 (2 )

e7 = 1

e6 = e5 = · · · = e2 = 0

e1 = e0 = 1
---
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(1÷10×106=1?):

---
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IEEE 754( )

10 1 X’3F800000’ , · · ·20×1.0(2 )

10 10 X’41200000’ · · ·23×1.010(2 )

2 (20×1.0)÷(23×1.010)

0.0_001_1(2 )=2-4×1._100_1(2 ) ,

@@
��

10 1÷10 X’3DCCCCCC’

0.0001 1001 1001 1001 1001 1001 100 (2 ) = 0.1999998(16 )

10(10 ) = 1010(2 ) = A(16 )

0.FFFFFF0(16 )=2-1×1.FFFFFE(16 )
@@
��

10 1÷10×10 X’3F7FFFFF’

@@
��

10 1÷10×10 10 1

---
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&

$

%

(1÷10)
0.0_001_10011

1010 ) 1.0000 ...
1010 ...

1100 ...
1010 ...

1000

(16 0.1999998×A)

0.1999998

× A

0.FFFFFF0







1×A = A (16 )

9×A = 5A (16 )

8×A = 50 (16 )

---
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5–8
[

1© 3

]

1© (i.e.2 ↔10 )

10 0.1 2 0.0_001_1

2 ( 32 )

( , ,

) 10 0.1

0.1 10.0 1

10 2-20

10 (i.e.2 →10 )

9.5367431640625×10-7

10 7 8

---
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2©

3 1.23×4.56

1.23×4.56 = 5.60 88

10-3 ( , , )

---



572

3© ( )

2© 2

1.234567

+ 0.04321098

1.27777798

[

4© ]

---
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4©

2

1.234567 · · · 7

− 1.234566 · · · 7

0.000001 · · · 1

[ ( )

( ) ]

---
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5–9 sizeof

sizeof

• ( )

•
sizeof( ),

sizeof( ), sizeof ,

sizeof( ), sizeof , · · ·

sizeof( ), sizeof ,

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

•

• (e.g. -, ++) (

)

• unsigned
---
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5. 6 ( , )

<limits.h>

[motoki@x205a]$ cat -n datatype-sizeof.c

1 #include <stdio.h>

2 int main(void)

3 {

4 int a[]={0, 1, 2, 3, 4, 5, 6, 7, 8, 9};

5

6 printf(" char:%3d byte \n", sizeof(char));

7 printf(" short:%3d byte \n", sizeof(short));

8 printf(" int:%3d byte \n", sizeof(int));

9 printf(" long:%3d byte \n", sizeof(long));

10 printf(" unsigned:%3d byte \n", sizeof(unsigned));

11 printf(" float:%3d byte \n", sizeof(float));

12 printf(" double:%3d byte \n", sizeof(double));
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13 printf("long double:%3d byte \n\n", sizeof(long double));

14

15 printf(" array a[]:%3d byte \n", sizeof(a));

16 return 0;

17 }

[motoki@x205a]$ gcc datatype-sizeof.c

[motoki@x205a]$ ./a.out

char: 1 byte

short: 2 byte

int: 4 byte

long: 4 byte

unsigned: 4 byte

float: 4 byte

double: 8 byte

long double: 12 byte

array a[]: 40 byte
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[motoki@x205a]$

---
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5–10

• ( ) 2

1© char short int

2© (i.e. )

( )
int < unsigned < long < unsigned long

< float < double < long double

@@
��

char char int

• ↔

---
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• =

---
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•

•

( )

•

• (e.g. -,++) (

)

5. 7 ( )

(float) i+3 ((float)i) + 3

---
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5–11 16 8

16

• 0 9, A F( 10 15 ) 16

• 16

hn-1hn-2 · · · h2h1h0

n-1
i=0hi×16i

16 A0F3C 10

10
︸ ︷︷ ︸

A
×164 + 0×163+ 15

︸ ︷︷ ︸

F
×162 + 3×161 + 12

︸ ︷︷ ︸

C
×160

= 659260

---
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• x 16

hi = mod(⌊x/16i⌋, 16)

= (⌊x/16i⌋ 16 )

x=659260

 

    

 

    

  

A    F   C

8 · · · (16 )

---
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16 8 C

• 00 7

8

• 10 15 16 A F a

f

0x16 0X16

16

• %x %#x (e.g.printf)

16 %x

(e.g.scanf) 16

• %o %#o (e.g.printf)

8 %o

(e.g.scanf) 8

• unsigned long 10

u( U) l( L)
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5. 8 (16 ,8 ) 16 , 8 , %x , %#x

, %o , %#o

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

1 #include <stdio.h>

2 int main(void)

3 {

4 printf("%d %#x %#o\n", 19, 19, 19);

5 printf("%d %x %o\n", 19, 19, 19);

6 printf("%d %x %o\n", 0x1c, 0x1c, 0x1c);

7 printf("%d %x %o\n", 017, 017, 017);

8 printf("%d\n", 11 + 0x11 + 011);

9 printf("%d\n", 2097151);

10 printf("%d\n", 0x1FfFFf);

11 return 0;
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12 }

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

[motoki@x205a]$ ./a.out

19 0x13 023

19 13 23

28 1c 34

15 f 17

37

2097151

2097151

[motoki@x205a]$

---


