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10 — —

( ) 1

'

&

$

%
@@
��

( )

'

&

$

%

printf(),

scanf() 1

—
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10–1

10. 1 ( ) n k
(n
k
)













n

k













=
n!

k! (n-k)!

2 n k
(n
k
)

C

( )

3 main()

factorial()

—
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factorial()
(n
k
)

factorial()












n

k













=
factorial(n)

factorial(k) factorial(n−k)

factorial()

int

factorial() int

@@
��

double factorial(int k);

7.6

—
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( )

[motoki@x205a]$ nl binomial-coeff.c Enter

1 /* 2 n k */

2 /* n!/(k!*(n-k)!) C */

3 #include <stdio.h>

4 double factorial(int k);

'

&

$

%

( , . . . , );

( , . . . , );
—
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5 int main(void)

6 {

7 int n, k; 22 k

8 printf("It will compute a binomial coefficient.\n"

9 "Input two positive integers n and k(<=n): ");

10 scanf("%d%d", &n, &k);

11 printf("\nThe number of the combinations of\n"

12 " n objects taken k at a time = %20.14g\n",

13 factorial(n)/(factorial(k)*factorial(n-k)));

14 return 0;

15 }

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

17 /* */

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

19 /* ( ) k : */

20 /* ( ) : k! double */

21 /*-----------------------------------------------------*/

22 double factorial(int k) , 7 k

23 {

24 int i;

25 double fact;

26 fact = 1.0;

27 for (i=2; i<=k; ++i)

28 fact *= (double)i;

29 return fact;

30 } ( )

[motoki@x205a]$ gcc binomial-coeff.c Enter
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[motoki@x205a]$ ./a.out Enter

It will compute a binomial coefficient.

Input two positive integers n and k(<=n): 50 25 Enter

The number of the combinations of

n objects taken k at a time = 1.2641060643775e+14

[motoki@x205a]$

—
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&

$

%

@@
��

3

3

3

3

3

—
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10–2 , ,

C

( , . . . , )

· · ·
{

...

...

}



















































































































































· · ·

(local)
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(i.e. { }

)

C

1

{

...

...

}

1

......
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( 1) ( )

( 2)

(i.e. )

'

&

$

%

( 1)
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•

•

( , )

=⇒ '

&

$

%

C

—
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10. 8 ( , ) C

 

[motoki@x205a]$ nl scope-of-name.c Enter

1 /* ... */

2 #include <stdio.h>

3 void sub(void);

4 int a = 1; /* */

5 int main(void)

6 {

7 int a = 22; /* */

8 printf("(1) %d\n", a);
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9 { /* */

10 int a = 333;

11 printf("(2) %d\n", a);

12 } /* */

13 printf("(3) %d\n", a);

14 sub();

15 return 0;

16 }

17 void sub(void)

18 {

19 int b = 4444;

20 printf("(4) %d\n", a);

21 printf("(5) %d\n", b);

22 }
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[motoki@x205a]$ gcc scope-of-name.c Enter

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

[motoki@x205a]$
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( )
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

/* */
#include <stdio.h>
void sub(void);
int a = 1; /* */
int main(void)
{
int a = 22; /* */
printf("(1) %d\n", a);
{ /* */
int a = 333;
printf("(2) %d\n", a);

} /* */
printf("(3) %d\n", a);
sub();
return 0;

}
void sub(void)
{
int b = 4444;
printf("(4) %d\n", a);
printf("(5) %d\n", b);

}
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( )


























































































8 a 7 a

11 a 10 a

13 a 7 a

20 a 4 a

21 b 19 b

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

(1) 22

(2) 333

(3) 22

(4) 1

(5) 4444

[motoki@x205a]
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10–3

fi=



























1 if i=1

i× fi-1 if i ≥ 2
fi

fi = i×fi-1 = i×(i−1)×fi-2 = i×(i−1)×(i−2)×fi-3 = · · · = i!

@@
��

fi fi-1
(i.e. )
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C

10. 10 ( ; )

fi=



























1 if i=1

i× fi-1 if i ≥ 2
fi = i! 1

double factorial()

10.1

C n k

n k












n

k













=
n!

k! (n− k)!

C
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( ) factorial() (

) 10.1

@@
��

main() 10.1

@@
��

10.1

factorial()

( )

[motoki@x205a]$ nl binomial-coeff-using-rec-fatorial.c Enter

1 /* 2 n k */

2 /* n!/(k!*(n-k)!) C */

3 /* ( ) */

4 #include <stdio.h>
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5 double factorial(int k);

6 int main(void)

7 {

8 int n, k;

9 printf("It will compute a binomial coefficient.\n"

10 "Input two positive integers n and k(<=n): ");

11 scanf("%d%d", &n, &k);

12 printf("\nThe number of the combinations of\n"

13 " n objects taken k at a time = %20.14g\n",

14 factorial(n)/(factorial(k)*factorial(n-k)));

15 return 0;

16 }
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17 /*-----------------------------------------------------*/

18 /* ( ) */

19 /*-----------------------------------------------------*/

20 /* ( ) k : */

21 /* ( ) : k! double */

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

23 double factorial(int k)

24 {

25 if (k <= 1)

26 return 1.0;

27 else

28 return (k * factorial(k-1));

29 }

[motoki@x205a]$ gcc binomial-coeff-using-rec-fatorial.c Enter

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

It will compute a binomial coefficient.

Input two positive integers n and k(<=n): 50 25 Enter
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The number of the combinations of

n objects taken k at a time = 1.2641060643775e+14

[motoki@x205a]$
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11 k 2 factorial(k)
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int main(void)
{
      ............

              factorial(n)/(factorial(k)*factorial(n-k)));
}

double  factorial(int  k)
{
  if (k<=1)
     return  ......
  else
     return  (k*factorial(k-1));
}

double  factorial(int  k)
{
  if (k<=1)
     return  1.0;
  else
     return  ......
}

k     2

k     2

k     1

(1) ¸ � �

(3) · � � �  1.0

(4) · � � �

       2*1.0=2.0

(2) ¸ � �
int main(void)

{

int n, k;

......

printf(......

......,

.../(factorial(k)*...);

return 0;

}

double factorial(int k)

{

if (k <= 1)

return 1.0;

else

return k*factorial(k-1);

}



1027

10–4 — vs.

( )

( )

2

• (call by value)

• (call by reference)

C

( )

( 10.14)
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( )

( ) ( )

( ) ( ) ( )































































( )

( )

( 1)return;

( )

( 2)

( )

( 3)return ;

—
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1©C

2©

10. 14 ( , ) 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

@@
��

v *(&v) v

•

• *

• (i.e.

)

—
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10–5

@@
��

C

( )

—
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a

•

[]

*

[ ]

'

&

$

%

•

•

a

&a[0] '

&

$

%
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10. 16 ( )

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]



1042'

&

$

%

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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• 1

[][ ] · · · [ ]

[ ] · · · [ ]

(* )[ ] · · · [ ]

'

&

$

%

2

1
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10. 19 ( ) 3

int a[7][9][2]







































int a[][9][2]

int a[7][9][2]

int (*a)[9][2] ←−

•

•

a &a[0]

'

&

$

%

a 3 a

2 a[0]

—
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10. 20 ( ) 9.8 3×3

A=[aij], B=[bij] AB

( ) ( )

@@
��

a[][], b[][]

productAB[][]

void matrix multiplication(double x[][3],

double y[][3],

double productXY[][3]);

(productXY ) ←− (x ) × (y )
—
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( )

[motoki@x205a]$ nl matrix-multiplication-function.c Enter

1 /* 3 3 A=[a_ij], B=[b_ij] */

2 /* AB 2 */

3 /* C

4 #include <stdio.h>

5 #define N (3)

6 void matrix_multiplication(double x[][N], double y[][N],

7 double productXY[][N]);

8 int main(void)

9 {

10 double a[N][N], b[N][N], productAB[N][N];
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11 int i, j;

12 /* A,B */

13 for (i=0; i<N; i++) {

14 printf(" A %d : ", i);

15 for (j=0; j<N; j++)

16 scanf("%lf", &a[i][j]);

17 }

18 printf("\n");

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

20 printf(" B %d : ", i);

21 for (j=0; j<N; j++)

22 scanf("%lf", &b[i][j]);

23 }

24 /* AB productAB */

25 matrix_multiplication(a, b, productAB);
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26 /* AB */

27 printf("\n AB :\n");

28 for (i=0; i<N; i++) {

29 printf(" ");

30 for (j=0; j<N; j++)

31 printf(" %12.5g", productAB[i][j]);

32 printf("\n");

33 }

34 return 0;

35 }

36 /*-----------------------------------------------------------

37 /*

38 /*-----------------------------------------------------------

39 /* ( ) x : double 2

40 /* y : double 2
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41 /* productXY : double 2 ,

42 /* ( ) :

43 /* ( ) : (x[][] ) (y[][] )

44 /* productXY[][]

45 /*-----------------------------------------------------------

46 void matrix_multiplication(double x[][N], double y[][N],

47 double productXY[][N])

48 {

49 int i, j, k;

50 for (i=0; i<N; i++) {

51 for (j=0; j<N; j++) {

52 productXY[i][j] = 0.0;

53 for (k=0; k<N; k++)

54 productXY[i][j] += x[i][k]*y[k][j];

55 }

56 }
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57 }

[motoki@x205a]$

—
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10–6

(module)

'

&

$

%
2

2

—
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•
@@
�� '

&

$

%
•

•

@@
��

—
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1

@@
��

—
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( )

—
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10–7 —C

C

•

@@
��

•

•

• main

(main )

—
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•

double pow(double x, double y);

double pow(double, double);

• <stdio.h>

• ( &

)

—
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•

( ,. . ., ) · · ·
{

...

...

}























































































































































· · · ( )

• void

• int

( )

—
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return

•

return;

return ;

• return (

)

• (

)

• return

( )

—
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•

( ,. . ., );

( ,. . ., );

•

•

[

( ) ]

• <stdio.h>, <stdlib.h>, ...

—
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10–8

•

<assert.h> <limits.h> <signal.h> <stdlib.h>

<ctype.h> <locale.h> <stdarg.h> <string.h>

<errno.h> <math.h> <stddef.h> <time.h>

<float.h> <setjmp.h> <stdio.h>

@@
��

•
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<assert.h>
16.7

<ctype.h>
(e.g. , , ,

,...)

<errno.h>

<float.h>
(e.g. float, double)

<limits.h>
(e.g. char, short, int, long)

<locale.h>

<math.h>
4.1
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<setjmp.h>

<signal.h>
,

<stdarg.h>
(e.g.printf)

<stddef.h>

<stdio.h>

<stdlib.h>
, , , ,

<string.h>

<time.h>
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, ,
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/ <ctype.h>

int isalnum(int c) c ?

int isalpha(int c) c ?

int iscntrl(int c) c ?

int isdigit(int c) c ?

int isgraph(int c) c ?

int islower(int c) c ?

int isprint(int c) c ( ) ?

int ispunct(int c) c ?

int isspace(int c) c ?

int isupper(int c) c ?

int isxdigit(int c) c 16 ?

—
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<ctype.h>

int tolower(int c) c

int toupper(int c) c

, <stddef.h>

ptrdiff t 2

size t sizeof
typedef unsigned int size t;

NULL

wchar t

—
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, <stdio.h>

FILE

EOF

NULL

stdin

stdout

stderr

—
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<stdio.h>

· · ·

FILE *fopen(const char *filename, const char *mode)

· · ·

NULL filename
mode "r"

"w" "a"
"rb" "r+"

int fclose(FILE *fp)

· · · fp

FILE *freopen(const char *filename, const char *mode, FILE *fp)

· · · fp
fp

—
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<stdio.h>

· · ·

int printf(const char *cntrl string, ...)

· · ·

int fprintf(FILE *fp, const char *cntrl string, ...)

· · ·

int sprintf(char *s, const char *cntrl string, ...)

· · · char \0

int scanf(const char *cntrl string, ...)

· · ·

int fscanf(FILE *fp, const char *cntrl string, ...)

· · ·

int sscanf(char *s, const char *cntrl string, ...)

· · · (char )
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<stdio.h>

· · ·

int getchar(void)

· · · 1 ( )

EOF

int fgetc(FILE *fp)

· · · 1 ( )

EOF

int ungetc(int c, FILE *fp)

· · · c

int putchar(int c)

· · · c
(int)(unsigned char)c EOF

int fputc(int c, FILE *fp)

· · · c
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<stdio.h>

· · ·

char *gets(char *s)
· · ·

char s
\0 s

NULL
( )

2011 C11 C
gcc

char *fgets(char *line, int n, FILE *fp)
· · ·

( n-1 )
\0 char line

line
NULL

int puts(const char *s)
· · · s

\0
EOF
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· · ·

int fputs(const char *s, FILE *fp)
· · · s

\0 [puts
]

<stdio.h>

· · ·

size t fread(void *a ptr, size t el size, size t n, FILE *fp)

· · · 1 el size
n ( ) a ptr

size t fwrite(const void *a ptr, size t el size, size t n, FILE

· · · a ptr 1 el size
n



1076

/ <stdio.h>

•

( )

(

)

•

FILE
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· · ·

int fseek(FILE *fp, long offset, int place)

· · · place offset
place SEEK SET (

; 0), SEEK CUR ( ; 1), SEEK END
( ; 2)

0 0
void rewind(FILE *fp)

· · ·

long ftell(FILE *fp)

· · · ( )
-1
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<stdio.h>

· · ·

FILE *tmpfile(void)

· · · ( ) "wb+"

NULL
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<stdio.h>

· · ·

int fflush(FILE *fp)

· · · fp

int feof(FILE *fp)

· · ·
0 0

int remove(const char *filename)

· · ·

int rename(const char *from, const char *to)

· · ·
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<stdlib.h>

· · ·

void *malloc(size t size)

· · · size ( )
NULL

void *realloc(void *ptr, size t size)

· · · ptr size

NULL

void *calloc(size t n, size t el size)

· · · 1 el size n
( ) 0

NULL

void free(void *ptr)

· · · ptr ptr NULL
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, <stdlib.h>

/ · · ·

RAND MAX

· · · rand( ) int
int rand(void)

· · · [0, RAND MAX]

int srand(unsigned seed)

· · · rand( ) seed
seed=1
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, <stdlib.h>

/ · · ·

void exit(int status)

· · · status
(OS) status=0

EXIT SUCCESS

· · · exit( ) 0

EXIT FAILURE

· · · exit( ) 1
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,OS <stdlib.h>

· · ·

char *getenv(const char *name)

· · · ( )

int system(const char *s)

· · · OS
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<stdlib.h>

· · ·

double atof(const char *s)

· · · s double

int atoi(const char *s)

· · · s int

int atol(const char *s)

· · · s long int
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, <stdlib.h>

· · ·

void *bsearch(const void *key ptr, const void *a ptr, size t n,

size t el size, int (*compar)(const void *, const void

· · · 1 key ptr

NULL a ptr 1 (
) n el size

1 compar 2
( ) 2

( 1 ) < ( 2 )
( 1 ) = ( 2 )
( 1 ) > ( 2 )

const

(void *)

( )
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· · ·

void *qsort(const void *a ptr, size t n, size t el size,

int (*compar)(const void *, const void *) )

· · · 1 compar
a ptr 1 ( )
n el size 1
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, <stdlib.h>

/ · · ·

div t

· · · div( ) (int )

ldiv t

· · · ldiv( ) (long int )

int abs(int i)

· · · i (int )

long labs(long i)

· · · i (long int )

div t div(int number, int denom)

· · · number denom

ldiv t ldiv(long number, long denom)

· · · number denom
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<string.h>

· · ·

size t strlen(const char *s)

· · · s
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, <string.h>

· · ·

char *strcat(char *s1, const char *s2)

· · · s2 s1 s1

char *strncat(char *s1, const char *s2, size t n)

· · · s2 s1 s1
s2 n n

\0

char *strcpy(char *s1, const char *s2)

· · · s2 \0 s1
s1

char *strncpy(char *s1, const char *s2, size t n)

· · · s2 s1 s1
s2 n n (

\0 ) s2 n n-(s2 )
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2 <string.h>

· · ·

int strcmp(const char *s1, const char *s2)

· · · 2 s1 s2 s1
s2

int strncmp(const char *s1, const char *s2, size t n)

· · · 2 s1 s2 n
s1 s2
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<string.h>

· · ·

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

· · · ( ) c s

NULL

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

· · · ( ) c s

NULL

char *strpbrk(char *s1, const char *s2)

· · · s2 s1

NULL
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<string.h>

· · ·

char *strstr(char *s1, const char *s2)
· · · s2 s1

NULL

size t strspn(char *s1, const char *s2)
· · · s1 s2

size t strcspn(char *s1, const char *s2)
· · · s1 s2

char *strtok(char *s1, const char *s2)
· · · s2 s1

s1 (i.e. )

NULL s2
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<string.h>

· · ·

void *memcpy(void *to, const void *from, size t n)

· · · from n (i.e. ; \0
) to to

void *memmove(void *to, const void *from, size t n)

· · · from n (i.e. ; \0
) to to

void *memset(void *p, int c, size t n)

· · · p 1 (unsigned char)c n
p
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2 <string.h>

· · ·

int memcmp(const void *p1, const void *p2, size t n)

· · · p1 p2 2 n
p1 p2

<string.h>

· · ·

void *memchr(const void *p, int c, size t n)

· · · (unsigned char)c p
n

NULL
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, <time.h>

CLOCKS PER SEC clock( )

clock t
(

) clock( )

time t , time( )

struct tm
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<time.h>

· · ·

clock t clock(void)

· · ·
( )

double difftime(time t t2, time t t1)

· · · 2 t2 t1 t2-t1
double
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<time.h>

· · ·

time t time(time t *tp)

· · · 1970 1 1 0 0 0

struct tm *localtime(const time t *t ptr)

· · · t ptr
struct tm

char *asctime(const struct tm *tp)

· · · tp struct tm
Sun Feb 24 17:30:27 2002

char *ctime(const time t *t ptr)

· · · asctime(localtime(t ptr)) t ptr

Sun Feb 24 17:30:27 2002

( )
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· · ·

size t strftime(char *s, size t n,
const char *format, const struct tm *tp)

· · · tp struct tm format
s n

n


