
801

8
8–1

(module)

'

&

$

%
2

2

---
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•
@@
�� '

&

$

%
•

•

@@
��

---
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1

@@
��

8. 1 (Napier e 1000 ) (Napier number)

e=limx→∞(1 +
1

x
)x=

∞
i=0

1

i!
=2.718281828 · · · · · ·

1000 C

---
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( ) (Stirling)

m! ≈
√
2π mm+1/2e-m (m −→∞)

451! ≈
√
2π 451451.5e-451 ≈ 7.8× 101002

e 1001

e ≈ 450
i=0

1

i!

= (((· · · ((1 · 1

450
+1)

1

449
+1) · · ·)1

3
+1)

1

2
+1)

1

1
+1

videal

videal ← 1

for k ← 450 step −1 until 1 do

videal ← videal/k + 1

videal
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1000 10

c3c2c1c0.d1d2d3d4d5d6d7d8 · · · · · · d997d998d999d1000
( ci, di 0 9 )

c3c2c1c0
︸ ︷︷ ︸

e[0]

. d1d2d3d4
︸ ︷︷ ︸

e[1]

d5d6d7d8
︸ ︷︷ ︸

e[2]

· · · · · · d997d998d999d1000
︸ ︷︷ ︸

e[250]

(4 ) e

1© e ← 1 (i.e. e 10 1 ),

2© e ← e / k ,

3© e ← e + 1 ,

4© e
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&

$

%

10000

e[0] e[250] 10000

Napier

e ← e / k

10 1

      2 2

1 2 3 4

1 1 2

   1 1 4

   1 1 2

         2

 

5 6

@@
��

...
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56     1

56

    2     3     4

0

56

1 

�
��

@
@@

56     0

56

  12     3     4

0

56

1 10

�
��

@
@@
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56     0

56

  12     3     4

0

56

12

0

�
��

@
@@

56     0

56

    0 123     4

0

56

12 10

0

�
��

@
@@
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56     0

56

    0 123     4

0

56

11

20

�
��

@
@@

56     0

56

    0     2 114

0

56

11 10

20

�
��

@
@@
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56     0

56

    0     2 114

0

56

2

220

�
��

@
@@

56     0

56

    0     2     2

0

56

2 

20 2
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( ) ...

[motoki@x205a]$ nl modules-napier.c

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

2 /* Napier e 1000

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

4 /* 251 e 1000 10

5 /* e[0]= ,

6 /* e[1]= 1 4 ,

7 /* e[2]= 5 8 ,

8 /* ......

9 /* e[250]= 996 1000

10 /*

11 /********************************************************

12 #include <stdio.h>
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13 #define LIMIT 7

14 void set_array_to_keep_integer(

int a[], int size, int init_value);

15 void divide_array_value_by_integer(

int a[], int size, int divisor);

16 void add_integer_to_array(

int a[], int size, int value);

17 void print_array_value(

int a[], int size, char *padding);

18 int main(void)

19 {

20 int e[251], k;

21 set_array_to_keep_integer(e, 251, 1); /* e <-- 1 */



813

22 for (k=450; k>0; --k) {

23 divide_array_value_by_integer(e, 251, k);

/* e <-- e/k */

24 add_integer_to_array(e, 251, 1); /* e <-- e+1 */

25 }

26 printf("e =");

27 print_array_value(e, 251, " "); /* */

28 return 0;

29 }

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

31 /* (10 )

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

33 /* ( ) a : int

34 /* size : int a

35 /* init_value : (int )
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36 /* ( ) :

37 /* ( ) : a init_value ... */

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

39 void set_array_to_keep_integer(

int a[], int size, int init_value)

40 {

41 int i;

42

43 a[0] = init_value;

44 for (i=1; i<size; ++i)

45 a[i] = 0;

46 }

47 /*-------------------------------------------------------

48 /* (10 )

49 /*------------------------------------------

50 /* ( ) a : int
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51 /* size : int a

52 /* divisor :

53 /* ( ) :

54 /* ( ) : a divisor

55 /*-------------------------------------------------------

56 void divide_array_value_by_integer(

int a[], int size, int divisor)

57 {

58 int i;

59

60 for (i=0; i<size-1; ++i) {

61 a[i+1] += (a[i] % divisor) * 10000;

62 a[i] /= divisor;

63 }

64 a[size-1] /= divisor;

65 }
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66 /*-------------------------------------------------------

67 /* (10 )

68 /*------------------------------------------

69 /* ( ) a : int

70 /* size : int a

71 /* addend :

72 /* ( ) :

73 /* ( ) : a addend

74 /*-------------------------------------------------------

75 void add_integer_to_array(

int a[], int size, int addend)

76 {

77 a[0] += addend;

78 }

79 /*-------------------------------------------------------

80 /* (10 )
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81 /*------------------------------------------

82 /* ( ) a : int

83 /* size : int a

84 /* padding : 2

85 /* ( ) :

86 /* ( ) : a 10 ...*/

87 /* 8*LIMIT ,

88 /* 2 ...

89 /* padding

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

91 void print_array_value(

int a[], int size, char *padding)

92 {

93 int i, count;

94

95 printf("%2d.", a[0]);

96 count = 1;
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97 for (i=1; i<size; i+=2, ++count) {

98 printf("%04d%04d ", a[i], a[i+1]);

99 if (count >= LIMIT) {

100 printf("\n%s ", padding);

101 count = 0;

102 }

103 }

104 printf("\n");

105 }

[motoki@x205a]$ gcc modules-napier.c

[motoki@x205a]$ ./a.out

e = 2.71828182 84590452 35360287 47135266 24977572 47093699 95957496

69676277 24076630 35354759 45713821 78525166 42742746 63919320

03059921 81741359 66290435 72900334 29526059 56307381 32328627

94349076 32338298 80753195 25101901 15738341 87930702 15408914

99348841 67509244 76146066 80822648 00168477 41185374 23454424

( )
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93458072 73866738 58942287 92284998 92086805 82574927 96104841

98444363 46324496 84875602 33624827 04197862 32090021 60990235

30436994 18491463 14093431 73814364 05462531 52096183 69088870

70167683 96424378 14059271 45635490 61303107 20851038 37505101

15747704 17189861 06873969 65521267 15468895 70350354

[motoki@x205a]$

8. 2 ( ) 1! 53!

[53! ≈ 4.27×1069 ]

---
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8–2 --- ---

( )

---
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8. 2 ( ) 2

y m (≤ 12) y m

C

2004 May

Sun Mon Tue Wed Thu Fri Sat

1

2 3 4 5 6 7 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28 29

30 31

@@
��
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1

3

name(m) =







”January” if m=1

”February” if m=2
...

”December” if m=12

number of days(y,m) = y m

what day(y,m) = y m 1

=







0 if y m 1

1 if y m 1

2 if y m 1
...

6 if y m 1

y, m y m



823

year, month

{ }
1 year name(month)

(" Sun Mon ...")

4 × what day(year,month)

column ← what day(year,month)+1

for day ← 1 until number of days(year,month) do

begin

day

if column=7 then

else column ← 0

day ← day+1

column ← column+1

end

if column>1 then

---
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2 name

name(m) 2 char name[i][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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3 number of days

m

n days(m) =







31 if m=1

28 if m=2

31 if m=3
...

31 if m=12

y m

leap(y,m) =







1 if y m=2

0 otherwise

number of days(y,m) = n days(m) + leap(y,m)

@@
��

1

number of days(y,m)

n days(m) + leap(y,m)
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4 n days

n days(m) int

---

5 leap

4 100

400

@@
��

leap(y,m)

[ mod(y,i) y i ]

if m=2 ∧ ((mod(y,4)=0 ∧ mod(y,4) 6= 0)

∨ mod(y,400)=0)

then return 1

else return 0
---
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6 what day

1 1 (m-1)

total days(m) =
m-1
i=1 n days(i)

1 1 1 y m 1

( 1 1 1 (y-1) 12 31 )

+ ( y 1 1 y m 1 )

= 365(y-1) + ⌊y-14 ⌋ − ⌊
y-1
100⌋ + ⌊

y-1
400⌋

+ total days(m) + leap(y,min{m-1,2}) + 1

c

what day(y,m)

= mod( 1 1 1 y m 1 +c, 7)

= mod((7 × 53+1)(y-1) + ⌊y-14 ⌋ - ⌊y-1100⌋ + ⌊y-1400⌋
+ total days(m) + leap(y,min{m-1,2}) + 1 + c, 7)

= mod((y-1) + ⌊y-14 ⌋ - ⌊y-1100⌋ + ⌊y-1400⌋
+ total days(m) + leap(y,min{m-1,2}) + 1 + c, 7)
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what day(1999,4)=4

what day(1999,4)

= mod(1998+499-19+90+0+1+c,7)

= mod(4+c,7)

c=0

@@
��

what day (y, m)

return mod( (y-1) + ⌊y-14 ⌋ - ⌊y-1100⌋ + ⌊y-1400⌋
+ total days(m)

+ leap(y,min{m-1,2}) + 1, 7 )

---

7 total days

total days(m) int

---
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( )

[motoki@x205a]$ cat modules-calendar.c

#include <stdio.h>

#include <stdlib.h>

#define DUMMY 0

#define min(A,B) ((A) < (B) ? (A) : (B))

int what_day(int year, int month); /* */

int leap(int year, int month); /* */

/****************************************/

/* */

/*--------------------------------------*/

/* ( ) y m (<=12) */

/* ( ) y m */

/****************************************/



830

int main(void)

{

int year, month, day, column, k, limit;

int n_days[13]={

DUMMY, /* n_days[k] */

31, 28, 31, 30, 31, 30, /* = k */

31, 31, 30, 31, 30, 31

};

char name[][15]={ /* name[k] */

"Illegal month", /* = k */

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

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

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

"October", "November", "December"

};

printf("Please type in year and month numbers.\n");
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if ( scanf("%d %d", &year, &month) != 2

|| year<1 || month <1 || month>12 ){

printf("\nIllegal input!\n");

printf(" ==> Input a positive integer and an integer in

exit(EXIT_FAILURE);

}

printf(" %d %s\n", year, name[month]);

printf(" Sun Mon Tue Wed Thu Fri Sat\n");

limit = what_day(year,month);

for ( column=1 ; column <= limit ; column++ )

printf(" ");

limit = n_days[month]+leap(year,month);

for ( day=1 ; day <= limit ; day++, column++ ){

printf("%4d", day);
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if (column == 7 ){

printf("\n");

column=0;

}

}

if (column>1)

printf("\n");

return 0;

}

/**************************************************/

/* */

/*------------------------------------------ */

/* ( ) y : ( ) */

/* m : (1 12 ) */

/* ( ) 0 if y m */
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/* 1 if */

/* */

/* 7 if */

/**************************************************/

int what_day(int y, int m)

{

int total_days[13]={

DUMMY, /* total_days[k]

0, 31, 59, 90, 120, 151, /* = n_days[1]+n_days[2]

181, 212, 243, 273, 304, 334 /* + ... +n_days[k]

};

return (y+(y-1)/4-(y-1)/100+(y-1)/400

+total_days[m]+leap(y,min(m-1,2))) % 7;

}

/****************************************************/
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/* */

/*------------------------------------------ */

/* ( ) y : ( ) */

/* m : (1 12 ) */

/* ( ) 0 if y m */

/* 1 if */

/****************************************************/

int leap(int y, int m)

{

if ( m==2 && ( (y%4==0 && y%100!=0) || y%400==0 ) )

return 1; /* */

else

return 0;

}

[motoki@x205a]$ gcc modules-calendar.c

[motoki@x205a]$ ./a.out

Please type in year and month numbers.
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2004 5

2004 May

Sun Mon Tue Wed Thu Fri Sat

1

2 3 4 5 6 7 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28 29

30 31

[motoki@x205a]$

---
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8–3 , ---

,

static

static

, ,

---
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@@
��

[

]

@@
��

1

---
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1

( )

C

---
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8. 3 ( , )

static int i; /* */
/* */

static void f(...); /* */

void g1(...) /* */
{
......... /* a */

}

void g2(...) /* */
{
......... /* a */

}

static int a[100]; /* */
/* */
/* g1, g2 */

static void f(...) /* */
{ /* */
.........

}
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8. 4 (e 1000 )

8.1

1© 1000 10 int e[ ]

set array to keep integer,

divide array value by integer,

add integer to array,

print array value

2© 4

(set array to keep integer, ...)

1© e Napier

2 8.1
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( ) 1

8.1

int e[ ] main main

e[ ]

•e[ ]
1 1

• main ( main )

2
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set_array_to
_keep_integer

divide_array_value
_by_integer

add_integer
_to_array

print
_array_value

 a

0     1      2 250

main( )
{

}

2

1 

1 1000 10

1000 10

2
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( )

[motoki@x205a]$ nl modules-napier-sub1.c

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

2 /* Napier e 1000

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

4 /*

5 /* (1) 1000 10 ...

6 /* (2)

7 /* ...

8 /* Napier e 1000 ...

9 /*

10 /* ( 1000 10 ...

11 /* ...

12 /*******************************************************

13 void set_array_to_keep_integer(int init_value);

14 void divide_array_value_by_integer(int divisor);
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15 void add_integer_to_array(int value);

16 void print_array_value(char *padding);

17 int main(void)

18 {

19 int k;

20 set_array_to_keep_integer(1); /* e <-- 1 */

21 for (k=450; k>0; --k) {

22 divide_array_value_by_integer(k); /* e <-- e/k */

23 add_integer_to_array(1); /* e <-- e+1 */

24 }

25 printf("e =");

26 print_array_value(" "); /* */

27 return 0;
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28 }

[motoki@x205a]$ nl modules-napier-sub2.c

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

2 /* 1000 10

3 /* e[0]= ,

4 /* e[1]= 1 4 ,

5 /* e[2]= 5 8 ,

6 /* ......

7 /* e[250]= 996 1000

8 /* e

9 /*

10 /*******************************************************

11 #include <stdio.h>

12 #define LIMIT 7

13 #define SIZE 251
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14 static int e[SIZE];

15 /*------------------------------------------------------

16 /* 10 e

17 /*------------------------------------------

18 /* ( ) init_value : (int )

19 /* ( ) :

20 /* ( ) : e init_value

21 /*

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

23 void set_array_to_keep_integer(int init_value)

24 {

25 int i;

26

27 e[0] = init_value;

28 for (i=1; i<SIZE; ++i)

29 e[i] = 0;
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30 }

31 /*------------------------------------------------------

32 /* 10 e

33 /*------------------------------------------

34 /* ( ) divisor :

35 /* ( ) :

36 /* ( ) : e divisor ...

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

38 void divide_array_value_by_integer(int divisor)

39 {

40 int i;

41

42 for (i=0; i<SIZE-1; ++i) {

43 e[i+1] += (e[i] % divisor) * 10000;

44 e[i] /= divisor;

45 }
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46 e[SIZE-1] /= divisor;

47 }

48 /*------------------------------------------------------

49 /* 10 e

50 /*------------------------------------------

51 /* ( ) addend :

52 /* ( ) :

53 /* ( ) : e addend ...*/

54 /*------------------------------------------------------

55 void add_integer_to_array(int addend)

56 {

57 e[0] += addend;

58 }

59 /*------------------------------------------------------

60 /* 10 e
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61 /*------------------------------------------

62 /* ( ) padding : 2 ...

63 /* ( ) :

64 /* ( ) : e 10 .

65 /*

66 /* 8*LIMIT ,

67 /* 2 ...

68 /* padding

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

70 void print_array_value(char *padding)

71 {

72 int i, count;

73

74 printf("%2d.", e[0]);

75 count = 1;

76 for (i=1; i<SIZE; i+=2, ++count) {

77 printf("%04d%04d ", e[i], e[i+1]);
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78 if (count >= LIMIT) {

79 printf("\n%s ", padding);

80 count = 0;

81 }

82 }

83 printf("\n");

84 }

[motoki@x205a]$ gcc modules-napier-sub1.c modules-napier-sub2.c

[motoki@x205a]$ ./a.out

e = 2.71828182 84590452 35360287 47135266 24977572 47093699 95957496

69676277 24076630 35354759 45713821 78525166 42742746 63919320

( )

15747704 17189861 06873969 65521267 15468895 70350354

[motoki@x205a]$
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8. 4 ( ) 8.2 8.4

2

---
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8. 5 ( ;Fibonacci )

7.6

( )

---
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( ) Fibonacci

Ç �  
fibonacci_term

0     1      2 ¡ ¡ ¡ ¡ ¡ ¡

main( )
{

}

2

1

fibonacci( )
{

}

² � � � � � � �¤ � 	 
 � � 


� � · �
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( )

[motoki@x205a]$ nl modules-fibonacci-sub1.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 }

[motoki@x205a]$ nl modules-fibonacci-sub2.c

1 #define SIZE 100

2 #define TRUE 1
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3 typedef int Boolean;

4 static Boolean Already_computed[SIZE];

/* */

5 /* ; */

6 /* (false) */

7 static int fibonacci_term[SIZE];

/* */

8 static int record(int num, int value);

9 int fibonacci(int n)

10 {

11 printf("called fibonacci(%d)\n", n);

12 /* */

13 if (Already_computed[n])

14 return fibonacci_term[n];



856

15

16 if (n <= 1)

17 return record(n, n);

18 else

19 return record(n, fibonacci(n-1)+fibonacci(n-2));

20 }

21 static int record(int n, int value)

22 {

23 Already_computed[n] = TRUE;

24 fibonacci_term[n] = value;

25 return value;

26 }

[motoki@x205a]$ gcc modules-fibonacci-sub1.c modules-fibonacci-sub2

[motoki@x205a]$ ./a.out
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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(3)

called fibonacci(4)

fibonacci(6) = 8

[motoki@x205a]$

8. 6 ( ) int rand( )
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( )

a,b,N

rk+1←− mod(a×rk+b, N)

rk rk+1

r0 0 N−1
r0, r1, r2, r3, ...

• ,

•
2

---
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next

main( )
{

}

2

1

random( )
{

}



860

( ) a=1103515245, b=12345, N=232

32 31 17

• ,

• 0 1

2
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static
next

main( )
{

}

2

1

static
random( )
{

}

rand_float( )
{

}

rand_int( )
{

}

initialize_...( )
{

}
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[motoki@x205a]$ nl modules-random.c

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

2 /* (1) ...

3 /* (2) [0,1) ...*/

4 /*

5 /*------------------------------------------------------

6 /* ...

7 /* ( )

8 /*******************************************************

9 static unsigned long next=1;

10 double rand_float(void);

11 static int random(void);

12 /*------------------------------------------------------

13 /* random seed
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14 /*------------------------------------------

15 /* ( ) seed : random seed

16 /* ( ) :

17 /*------------------------------------------------------

18 void initialize_randomizer(unsigned long seed)

19 {

20 next = seed;

21 }

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

23 /*

24 /*------------------------------------------

25 /* ( ) to : (+1) ...

26 /* ( ) : [0, to)

27 /*------------------------------------------------------

28 int rand_int(int to)

29 {
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30 int k;

31 k = (int) (rand_float() * to);

32 return (k==to ? to-1 : k);

33 }

34 /*------------------------------------------------------

35 /* [0,1)

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

37 /* ( ) :

38 /* ( ) : [0, 1)

39 /*------------------------------------------------------

40 double rand_float(void)

41 {

42 return (double)random() / 32768;

43 }
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44 /*------------------------------------------------------

45 /*

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

47 /* ( ) :

48 /* ( ) : 0 32767

49 /* ( ) :

50 /* next next

51 /* 0 32767 ...

52 /*------------------------------------------------------

53 static int random(void)

54 {

55 next = next*1103515245 + 12345;

56 return (unsigned int) ((next/65536) % 32768) ;

57 }
next 17 31
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[motoki@x205a]$ nl modules-random-main.c

1 #include <stdio.h>

2 void initialize_randomizer(unsigned long seed);

3 int rand_int(int to);

4 double rand_float(void);

5 int main(void) /* */

6 { /* modules-random.c */

7 int i; /* next */

8 unsigned long seed;

9 printf("Input a random seed: ");

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

11 initialize_randomizer(seed);
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12 for (i=0; i<7; ++i)

13 printf("%6d", rand_int(100));

14 printf("\n");

15 for (i=0; i<5; ++i)

16 printf("%f ", rand_float());

17 printf("\n");

18 return 0;

19 }

[motoki@x205a]$ gcc modules-random-main.c modules-random.c

[motoki@x205a]$ ./a.out

Input a random seed: 333

11 1 58 91 11 68 27

0.380646 0.934570 0.318390 0.709808 0.658264

[motoki@x205a]$

---


