


n n 2
n × n HH T = nI

n×n n



n n×n



n×n H 1 H 2
H 1 H 2



]0 0
0 1   













0 0 0 0
0 1 0 1
0 0 1 1
0 1 1 0

  







0 0 0 0 0 0 0 0
0 1 1 1 0 1 0 0
0 1 1 0 1 0 0 1
0 1 0 1 0 0 1 1
0 0 1 0 0 1 1 1
0 1 0 0 1 1 1 0
0 0 0 1 1 1 0 1
0 0 1 1 1 0 1

n = 2, 4, 8
n n×n





n×n
A = [ a( i, j ) ] m×m
B = [ b( i, j ) ] nm×nm
C



C = A⊕ B =







a( 1, 1 ) + B a( 1, 2 ) + B ⋯⋯ a( 1, n )
a( 2, 1 ) + B a( 2, 2 ) + B ⋯⋯ a( 2, n )

⋮ ⋮ ⋯⋯ ⋮

a( n, 1 ) + B a( n, 2 ) + B ⋯⋯ a( n, n )
a( i, j ) + B m×m B

a( i, j )
2×2 4×4 8×8

2 r×2 r 4×4



8×8
64×64















0 0 0 0 0 0 0 0
0 1 0 1 0 1 0 1
0 0 1 1 0 0 1 1
0 1 1 0 0 1 1 0
0 0 0 0 1 1 1 1
0 1 0 1 1 0 1 0
0 0 1 1 1 1 0 0
0 1 1 0 1 0 0 1

a( i, j ) + B



B a( i, j )
B

a( i, j ) + B a( i, j ) = 0
B a( i, j ) = 1 B

C = A⊕ B m×m B

B n×n a ∈ { 0, 1}



B a
a + B n×n

( c 1 ,c 2 , ..., c n)
c i ∈ { 0, 1} B 1, B 2, ...,B n
m×m m
m×nm
[ c 1 + B 1,  c 2 + B 2,  …… ,c n + B n ]



n×n A = [ a( i, j ) ]
n B 1, B 2, ...,B n m×m

n m nm×nm H



H =













a( 1, 1 ) + B 1 a( 1, 2 ) + B 2 ⋯⋯ a( 1, n ) + B n
a( 2, 1 ) + B 1 a( 2, 2 ) + B 2 ⋯⋯ a( 2, n ) + B n

⋮ ⋮ ⋯⋯ ⋮

a( n, 1 ) + B 1 a( n, 2 ) + B 2 ⋯⋯ a( n, n ) + B n
H nm m

H n
H nm



m
B 1 a( i, 1 ) a( j, 1 )



m
nm

m
B 1 a( i, 1 ) a( j, 1 )

B 1



b x b y
a( i, 1 ) + b x a( j, 1 ) + b y

m
nm

B 1 = B 2 = ⋯ = B n



n×n A = [ a( i, j ) ]
n B 1, B 2, ...,B n m×m

n m nm×nm H



H =













a( 1, 1 ) + B 1 a( 1, 2 ) + B 1 ⋯⋯ a( 1, n ) + B 1
a( 2, 1 ) + B 2 a( 2, 2 ) + B 2 ⋯⋯ a( 2, n ) + B 2

⋮ ⋮ ⋯⋯ ⋮

a( n, 1 ) + B n a( n, 2 ) + B n ⋯⋯ a( n, n ) + B n

n = 2 m = 8
16×16 2×2



8×8
B 1 B 2

[ ]B 1 B 2B 1  1 + B 2 



[ ]B 1 B 2B 1  1 + B 2 

16×16

8×8 B 1



B 2
16×16

8×8 B 1
B 1

B 2 16×16



2 r
B 1 B 2

2 r + 1

B 2 B 1




