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7 ( 2)

7–1 4 auto, extern, register, static

C (, )

•

•

•

( )

@@
��

4






















































auto

extern

register

static
---
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auto

( )

@@
��

auto

---
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extern

@@
��

(, )

extern

•

---
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register

register

auto

static

static

---
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7. 1 (extern ) 2

func-extern-pt1-Kelley.c func-extern-pt2-Kelley.c

[motoki@x205a]$ cat -n func-extern-pt1-Kelley.c
1 #include <stdio.h>
2
3 int f(void); /* */
4
5 int a=1, b=2, c=3; /* */
6
7 int main(void)
8 {
9 printf("%3d\n", f());
10 printf("%3d%3d%3d\n", a, b, c);
11 return 0;
12 }

[motoki@x205a]$ cat -n func-extern-pt2-Kelley.c

1 int f(void)
2 {
3 extern int a;
4 int b, c; /* */
5
6 a = b = c = 4;
7 return a+b+c;
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8 }

—
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(1)

func-extern-pt2-Kelley.c 3 a extern

@@
��

a

func-extern-pt2-Kelley.c

[motoki@x205a]$ gcc func-extern-pt1-Kelley.c \

func-extern-pt2-Kelley.c

[motoki@x205a]$ ./a.out

12

4 2 3

[motoki@x205a]$

—
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(2)

(-c ) cc

a

[motoki@x205a]$ gcc -c func-extern-pt2-Kelley.c

[motoki@x205a]$ gcc func-extern-pt2-Kelley.o

/usr/lib/crt1.o: In function ‘_start’:

/usr/lib/crt1.o(.text+0x18): undefined reference to ‘main’

/tmp/ccnaNiDG.o: In function ‘f’:

/tmp/ccnaNiDG.o(.text+0x16): undefined reference to ‘a’

/tmp/ccnaNiDG.o(.text+0x1f): undefined reference to ‘a’

collect2: ld returned 1 exit status

[motoki@x205a]$

—
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(3)

func-extern-pt2-Kelley.c 3 extern int

a 3 a

[motoki@x205a]$ cat -n func-extern-pt2a-Kelley.c

1 int f(void)
2 {
3 /* extern int a; */
4 int b, c; /* */
5
6 a = b = c = 4;
7 return a+b+c;
8 }

[motoki@x205a]$ gcc func-extern-pt1-Kelley.c func-extern-pt2a-Kelle

func-extern-pt2a-Kelley.c: In function ‘f’:
func-extern-pt2a-Kelley.c:6: ‘a’ undeclared (first use in this
func-extern-pt2a-Kelley.c:6: (Each undeclared identifier is reported
func-extern-pt2a-Kelley.c:6: for each function it appears in.)
[motoki@x205a]$
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7–2

auto

register



















· · ·

extern

static



















· · · C

---
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7–3

( )

( )

2

• (call by value)

• (call by reference)

C

( )

( 7.2)
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&

$

%

---
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( )

( ) ( )

( ) ( ) ( )































































( )

( )

( 1)return;

( )

( 2)

( )

( 3)return ;

---
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1©C

2©

7. 2 ( , ) C

 

[motoki@x205a]$ nl func-binding-parameters.c Enter

1 #include <stdio.h>

2 void call by value(int);

3 void call by reference(int *);

4 int main(void)

5 {
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6 int a=1;

7 printf("%d\n", a);
8 call by value(a); /* */
9 printf("%d\n", a); /* a */

10 call by reference(&a); /* */
11 printf("%d\n", a); /* a */
12 return 0;
13 }

14 void call by value(int a)
15 {
16 a = 777;
17 }

18 void call by reference(int *a)
19 {
20 *a = 777;
21 }

[motoki@x205a]$ gcc func-binding-parameters.c Enter

[motoki@x205a]$ ./a.out Enter
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( ) C

• 8 call by value()

(8 , )

call_by_value( a );

int  main(void)

a

void  call_by_value(int  a                 )

a=777;
1

1 ° � � �
( Â � )

...

...
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(8 , )

call_by_value( a );

int  main(void)

a

void  call_by_value(int  a                 )

a=777;
1

1

¸ � �

...

...

(16 , )

call_by_value( a );

int  main(void)

a

void  call_by_value(int  a                 )

a=777;
1

777

...

...

Â �
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(17 , )

call_by_value( a );

int  main(void)

a

void call_by_value(int  a                 )

a=777;
1

777

...

... ´ � � � � � �

   ( Ì � � � � �

    ² ° � 	 � 
 � � � � 
 � � � � )

=⇒ 8 6 a 1
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• 10 call by reference()

(10 , )

call_by_reference( &a );

int  main(void)

a

void call_by_reference(int  *a                 )

*a = 777;
1

...

...

a � ¤ � ° � � �

( Â � )

(int · 
 � � � � ¤ � )

(10 , )

call_by_reference( &a );

int  main(void)

a

void call_by_reference(int  *a                 )

*a = 777;
   1

...

... ¸ � �
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(20 , )

call_by_reference( &a );

int  main(void)

a

void call_by_reference(int  *a                 )

*a = 777;
777

...

...
a � ¤ � � � � � ¤ �� 
 � (*a) �  777 � Â �

(21 , )

call_by_reference( &a );

int  main(void)

a

void call_by_reference(int  *a                 )

*a = 777;
777

...

... ´ � � � � � �
   ( Ì � � � � �
    ² ° � 	 � 
 � � � � � � )

=⇒ 10 6 a 777
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( )














































7 a 1,

9 a 1,

11 a 777

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

1

1

777

[motoki@x205a]

---
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& *

&v · · · v (≈ )

*p · · · p

p

•

• *

• (i.e.

)

---
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7–4

@@
��

C

( )

7. 3 (Quicksort; ) 4.5 Quick-

sort

a[SIZE] 5 main, set an array

random, pretty print, quicksort, partition

5

(i.e. ) 4.5
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( ) 5 a[SIZE] main

( )

[motoki@x205a]$ nl function-quicksort-2.c

1 /*******************************************************

2 /* Quicksort : ... */

3 /*------------------------------------------

4 /* 100 ... */

5 /* Quicksort ...

6 /*******************************************************

7 #include <stdio.h>

8 #include <stdlib.h> /* ...
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9 #define SIZE 100

10 #define WIDTH 10

11 #define TRUE 1

12 void set_an_array_random( int x[], int size );

13 void pretty_print( int x[], int size );

14 void quicksort( int x[], int from, int to);

15 int partition( int x[], int from, int to);

16 int main(void)

17 {

18 int a[SIZE], seed; /* a[SIZE] ...

19 printf("Input a random seed (0 - %d): ", RAND_MAX);

20 scanf("%d", &seed);

21 srand(seed);
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22 set_an_array_random( a, SIZE );

23 printf("\nbefore sorting:\n");

24 pretty_print( a, SIZE );

25 quicksort( a, 0, SIZE-1);

26 printf("\nafter sorting:\n");

27 pretty_print( a, SIZE );

28 return 0;

29 }

30 /*------------------------------------------------------

31 /*

32 /*------------------------------------------

33 /* ( ) x : int

34 /* size : int x

35 /* ( ) : x [0] x [ size -1] 0 999

36 /*



727

37 /*------------------------------------------------------

38 void set_an_array_random( int x[], int size )

39 {

40 int i;

41 for (i=0; i< size ; ++i)

42 x [i] = rand() % 1000;

43 }

44 /*------------------------------------------------------

45 /*

46 /*------------------------------------------

47 /* ( ) x : int

48 /* size : int x

49 /* ( ) : x [0] x [ size -1] ...

50 /* 7 ...

51 /* 1 WIDTH ...



728

52 /*

53 /*------------------------------------------------------

54 void pretty_print( int x[], int size )

55 {

56 int i, count=1;

57 for (i=0; i< size ; ++i, ++count) {

58 printf("%7d", x [i]);

59 if (count >= WIDTH) {

60 printf("\n");

61 count = 0;

62 }

63 }

64 if (count > 1)

65 printf("\n");

66 }
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67 /*------------------------------------------------------

68 /*

69 /*------------------------------------------

70 /* ( ) x : int

71 /* from : int x

72 /* to : int x

73 /* ( ) :

74 /* ( ) : quicksort

75 /* x [from], x [from+1], ..., x [to]

76 /*

77 /*------------------------------------------------------

78 void quicksort( int x[], int from, int to)

79 {

80 int pivot_sub; /* pivot subscript

81 if (from < to) {

82 pivot_sub = partition( x , from, to); /* */



730

83 quicksort( x , from, pivot_sub - 1);

84 quicksort( x , pivot_sub + 1, to);

85 }

86 }

87 /*------------------------------------------------------

88 /* quicksort */

89 /* (quicksort ) */

90 /*------------------------------------------

91 /* ( ) x : int

92 /* from : int x

93 /* to : int x

94 /* ( ) : ...

95 /* ( ( ) pivot_sub)

96 /* ( ) : x [from] x [to]

97 /* max{ x [from],..., x [pivot_sub-1]} <= x [pivot_sub]*/

98 /* x [pivot_sub] < min{ x [pivot_sub+1],..., x [to]}
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99 /*

100 /*------------------------------------------------------

101 int partition( int x[], int from, int to)

102 {

103 int pivot;

104 pivot = x [from]; /* */

105 while (TRUE) { /* */

106 for ( ; from<to && x [to]>pivot; --to)

107 ;

108 if (from == to) {

109 x [from] = pivot;

110 return from;

111 }

112 x [from++] = x [to];

113 for ( ; from<to && x [from]<=pivot; ++from)
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114 ;

115 if (from == to) {

116 x [to] = pivot;

117 return to;

118 }

119 x [to--] = x [from];

120 }

121 }

---
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a

•

[]

*

[ ]

'

&

$

%

•

•

a

&a[0] '

&

$

%



734

7. 4 ( )

double

sum()

v[k] = 249-k (k=0 49)

50 double

v[0]+v[1]+v[2]+· · ·+v[49],

v[40]+v[41]+v[42]+· · ·+v[49],

v[20]+v[21]+v[22]+· · ·+v[39]

C
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( )

sum()














































1© (i.e. ),

2© ,

3©

3

sum()

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

double a size

a[0]+a[1]+· · ·+a[size-1]

double sum(double a[], int size)

sum(&v[from], size)

v[from]+v[from+1]+· · ·+v[from+size-1]
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&

$

%

v[from] v[from+size-1] sum()

3 &v[from]

3 &v[from]

---
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( ) ( ) sum()

( ) a size

a[0]+· · ·+a[size-1]

main() v[0] v[49]

pow()

v[49] ←− 1,

v[48] ←− v[49]×2,

v[47] ←− v[48]×2,

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

[motoki@x205a]$ nl func-bind-part-of-array-Kelley.c Enter

1 #include <stdio.h>

2 double sum(double a[], int size);
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3 int main(void)

4 {

5 int i;

6 double v[50];

7 v[49] = 1.0;

8 for (i=48; i>=0; --i)

9 v[i] = v[i+1] * 2.0;

10 printf("v[0] +v[1] + ... +v[49] = %16.0f\n",

sum(v, 50));

11 printf("v[40]+v[41]+ ... +v[49] = %16.0f\n",

sum(&v[40], 10));

12 printf("v[40]+v[41]+ ... +v[49] = %16.0f\n",

sum(v+40, 10));

13 printf("v[20]+v[21]+ ... +v[39] = %16.0f\n",

sum(v+20, 20));
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14 return 0;

15 }

16 /*-------------------------------------------------------

17 /* double ( ) ...

18 /*-------------------------------------------------------

19 /* ( ) a : double

20 /* size : double a

21 /* ( ) : a[0]+a[1]+a[2]+...+a[size-1]

22 /*-------------------------------------------------------

23 double sum(double a[], int size)

24 {

25 int i;

26 double sum=0.0;

27 for (i=0; i < size; ++i)

28 sum += a[i];
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29 return sum;

30 }

[motoki@x205a]$ gcc func-bind-part-of-array-Kelley.c Enter

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

v[0] +v[1] + ... +v[49] = 1125899906842623

v[40]+v[41]+ ... +v[49] = 1023

v[40]+v[41]+ ... +v[49] = 1023

v[20]+v[21]+ ... +v[39] = 1073740800

[motoki@x205a]$

---
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7–5

•

push-down

•

1©

2© ¼ � � � � �  p()

� �  f( ...... )

f( ...... ); ¸ � �
f � ¤ � � � 	
p 
 � � � 
 � 	² � � � � � f � � � � � � �¿ � � � � � � � � �� �  p � � � �� �  ³ ! " # � $ % & # ' (  ) * +, - .

---
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� � ¼ � ´ �  p()

´ �  f( ...... )

f( ...... ); ¸ � �

f � 
 � � � �

p ¤ � Ì � ¤ � �² ° � � � � f � � � � � � �¿ � � � � � 	 � 
 �´ �  p � � 
 �� � �³ � � � � 
 � � � � � � � � �� � �
•

1©

2©
---
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7. 5 ( )

[motoki@x205a]$ cat -n buffer-overflow.c

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

2 /* */

3 /* */

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

5 /* */

6 /* ( ) */

7 /*------------------------------------------------------*

8 #include <stdio.h>

9 #include <stdlib.h>

10

11 void test(int a, int b, int c);

12

13 int main(void)

14 {
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15 test(1, 2, 3);

16 exit(EXIT_SUCCESS);

17

18 printf("\n \n");

19 return 0;

20 }

21

22 void test(int a, int b, int c)

23 {

24 int buf[256];

25

26 printf("( test ) a= %d\n", a);

27 buf[258] = 999; <--

28 printf("( test ) a= %d\n", a);

29

30 buf[257] += 16; <--

31 }
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[motoki@x205a]$ gcc buffer-overflow.c

[motoki@x205a]$ ./a.out

( test ) a= 1

( test ) a= 999

[motoki@x205a]$

27 30

( test ) a= 1

( test ) a= 1

......

@@
��
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test()

push-down ...

´ �  main()

´ �  test(a, b, c)

test(1, 2, 3);
exit(0);

¸ � �
² � �  c ¤ � �² � �  b ¤ � �² � �  a ¤ � �test() ¤ � � � 	 
 � � 
 ¤ � � � �

1
2
3

int buf[256];

main() ¤ � � � 	 
 � � 
 ¤ � � � �

� �  test() Æ� � � � �
buf[ ]
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´ �  main()

´ �  test(a, b, c)

test(1, 2, 3);
exit(0);

¸ � �
² � �  c ¤ � �² � �  b ¤ � �² � �  a ¤ � �test() ¤ � � � 	 
 � � 
 ¤ � � � �

1
2
3

int buf[256];

main() ¤ � � � 	 
 � � 
 ¤ � � � �

� �  test() Æ� � � � �

buf[ ]

buf[258] test() 1 a

buf[257] main()

@@
��

......
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&

$

%

(root )

@@
��

/

root

Buffer Overflow

C

gets(), strcpy(), strcat(), sprintf(), vsprintf(),

scanf(), vscanf(), ............
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7–6 vs.

•

•

•

•

---
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7. 6 (Fibonacci )

[motoki@x205a]$ nl func-bad-recursion-fibo-Kelley.c
1 #include <stdio.h>

2 int fibonacci(int n);

3 int main(void)
4 {
5 int i;

6 scanf("%d", &i);
7 printf("fibonacci(%d) = %d\n", i, fibonacci(i));
8 return 0;
9 }

10 int fibonacci(int n)
11 {
12 printf("called fibonacci(%d)\n", n);
13 /* */
14 if (n <= 1)
15 return n;
16 else
17 return fibonacci(n-1)+fibonacci(n-2);



751

18 }
[motoki@x205a]$ gcc func-bad-recursion-fibo-Kelley.c
[motoki@x205a]$ ./a.out
6
called fibonacci(6)
called fibonacci(5)
called fibonacci(4)
called fibonacci(3)
called fibonacci(2)
called fibonacci(1)
called fibonacci(0)
called fibonacci(1)
called fibonacci(2)
called fibonacci(1)
called fibonacci(0)
called fibonacci(3)
called fibonacci(2)
called fibonacci(1)
called fibonacci(0)
called fibonacci(1)
called fibonacci(4)
called fibonacci(3)
called fibonacci(2)
called fibonacci(1)
called fibonacci(0)
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called fibonacci(1)
called fibonacci(2)
called fibonacci(1)
called fibonacci(0)
fibonacci(6) = 8
[motoki@x205a]$

---


