




n
n × n HH T = nI

n × n H
n = 1 , n = 2 n



4n

4n



4
4 * 2
4 * 3
4 2
4 * 5
4 * 2 * 3
4 * 7
4 2 * 2
4 * 9
4 * 2 * 5
4 * 11
4 2 * 3
4 * 13
4 * 2 * 7
4 * 15
4 3
4 * 17
4 * 2 * 9
4 * 19
4 2 * 5
4 * 21
4 * 2 * 1
4 * 23
4 2 *2 *3
4 * 25

4 * 2 * 1
4 * 27
4 2 *7
4 * 29
4 * 2 * 1
4 * 31
4 3 *2
4 * 33
4 * 2 * 1
4 * 35
4 2 *9
4 * 37
4 * 2 * 1
4 * 39
4 2 * 2 *5
4 * 41
4 * 2 * 2
4 * 43
4 2 *11
4 * 45
4 * 2 * 2
4 * 47
4 3 *3
4 * 49
4 * 2 * 2

4 * 51
4 2 *13
4 * 53
4 * 2 * 2
4 * 55
4 2 * 2 *7
4 * 57
4 * 2 * 2
4 * 59
4 2 *15
4 * 61
4 * 2 * 3
4 * 63
4 4
4 * 65
4 * 2 * 3
4 * 67
4 2 *17
4 * 69
4 * 2 * 3
4 * 71
4 2 * 2 *9
4 * 73
4 * 2 * 3
4 * 75

4 2 *19
4 * 77
4 * 2 * 3
4 * 79
4 3 * 5
4 * 81
4 * 2 * 4
4 * 83
4 2 *21
4 * 85
4 * 2 * 4
4 * 87
4 2 *2* 1
4 * 89
4 * 2 * 4
4 * 91
4 2 *23
4 * 93
4 * 2 * 4
4 * 95
4 3 *2 *3
4 * 97
4 * 2 * 4
4 * 99
4 2 *25

4 * 101
4 * 2 * 5
4 * 103
4 2 *2 *1
4 * 105
4 * 2 * 5
4 * 107
4 2 *27
4 * 109
4 * 2 * 5
4 * 111
4 3 *7
4 * 113
4 * 2 * 5
4 * 115
4 2 *29
4 * 117
4 * 2 * 5
4 * 119
4 2 *2 *1
4 * 121
4 * 2 * 6
4 * 123
4 2 *31
4 * 125



H m m
H n n

H m⊗ H n n×m

H 2⊗ H 4



C
0 ±1

CC T = ( n - 1) I

n ≡ 0 ( mod 4) n
C I + C

n = 4



n ≡ 2 ( mod 4) n
C

H = ( )I + C - I + C
- I + C - I - C 2n

n = 6



n × n A i , i = 1, 2, 3, 4 ±1

A 21 + A 22 + A 23 + A 24 = 4nI n



4n H

H =












A 1 A 2 A 3 A 4  

-A2 A 1 -A 4 A 3  

-A3 A 4 A 1 -A 2  

-A4 -A 3 A 2 A 1  





A i ( i = 1, 2, 3, 4 )



±1 n×n s i
A i

s 21 + s 22 + s23 + s24 = 4n

A i ( i = 1, 2, 3, 4 )
+ 2 - 2



92 = 4×23

s 21 + s 22 + s23 + s24 = 4n
s 1, s 2, s 3, s 4 (±7,±5,±3 ,±3)
(±9,±3,±1 ,±1) 2 4

( s 1 , s 2,s 3 , s 4 ) = ( 7,- 5, 3, 3)



( s 1 , s 2,s 3 , s 4 ) = ( - 9, 3,-1,- 1)
( s 1 , s 2, s 3, s 4 )
{±1 }

( 117 )( 114 )( 116 )( 116 ) ≒ 2.32×10 10
23×23



4n = 92
( s 1 , s 2,s 3 , s 4 ) = ( 7,- 5, 3, 3)

( s 1 , s 2,s 3 , s 4 ) = ( - 9, 3,-1,- 1)






