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Abstract: A smple method is presented which defines Sylvester-Hadamard matrices in terms of products
of binary code. This method is based representation of natural number as binary code which take only two
value O or 1. Such a Hadamard matrices generator can be used to find the spectral coefficients of Boolean

functions.
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I ntroduction

Hadamard matrices were defined by the
French mathematician M.j. Hadamard in 1893,
[1] called now Hadamard matrices. These
matrices contain only the entriest1 and -1. They
ae used in many applications like, signa
processing, optical multiplexing, error correction
coding and design and anaysis of statistics, [2].
Also, Oliver Hunt, [3] used them in Image
coding. In communication system, digita image
processing and orthogonal spreading sequences,
Hadamard matrices are used for direct sequences
spread spectrum code division multiple access,
[4].

Hadamard matrix of order N=2p, (p is
positive integer) used to encode the mask: m=Hx,
where H is the Hadamard matrix or Sylvester
matrix, x is the single wevelength intensty
matrix, [5].

Sylvester-Hadamard Matrix
A square matrix with elements
+1, whose distinct row vectors are orthogonal is
an Hadamard matrix of order N=2p, p is positive
integer:
H, =[]
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The Sylvester-Hadamard matrix of order
N=2p, is generated by the following recursive
formula

H, =[1]

HN= H2A HN/2 ..(2.4)
where A denotes the Kronecker product:
If A:[a”]
B:[b”] is an n2 by m2 matrix, then the
kronecer product AAB isthe matrix, [ 6]
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The Main Result
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Now we will give anther method to
construct Selvester matrices which based on
binary code to construct a Hadmard matrix. This
method is shown in the follow step:

Stepl: Consider the Hadamard matrix of order N
as.

?hoo hy he - . hom'-;'
o h b M
a'to 1 2 - - - my
é. .a
Hy=¢é a
é- " a
3 G
e u
o ha he - - . hgp . (26)

where , hk,m "km=0L..,N-1 are

dements of Hadaamared matrix . These e ements
can be found as follow :

Step (2) : for k, m3 0, we write the binary
number of km as:

(Kb = (kn-1, kn-2, ... k1, k0)2 = i=0

(Mp = (M n1, M2, ..., My, M) =
am?2
i=0

kT{0L%,"i=0L..,n-1

m1 {0%,"i=01..n-1
where and n =log}

1né_-,1A k.”\

siep @):put o =Y
where denotes addition modulo-2, (i-e-

OA O:O,OA 1:1A OzlandlA 1=0)
[llustrative Examples

Example (1): we know that, Hadamard matrix of
order N=2 isgiven as, [6],:

d 14
H. =23 ’
T8 -1

we will use our method to find each element in
H2, asfollow:

the Hadamard matrix of order N=2 is given by:
éh, hyu

H ) - éhOO h01L;|
e'lo 11 U

al dements of Hadamard matrix of order

N=2(.e ho,o !hO,l !hl,O !hl,l)

can be found
by using binary code as :
Firg , wewritek,m=0,1 asbinary :
(Ob=(0)2
(Db=(1)2
_ _gA km
then , we apply = asfollow :

2009

& km o v .
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From above , we have :

e 1u
H,=g .4
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Example (2): Hadamand matrix of order N=4 can
be construct from Kroncker product,[6], as

g 1 1 1y

u

H4=H2AH2=§L bl

4 1 -1 -1

a -1 -1 1§
also, we can generate Hadamand matrix of order
N= 4 by using binary code as:
the Hadamand matrix of order N= 4 isgiven by :

&y hy Ny, gl

hoodw M M hsg
N @hzo h21 h22 h238
gy h, hy, hug

the dlement of Hadamard matrix of order N=22 =
4 can befound as :
first, we represent k,m asbinary :
(0)b=(0,02
(1)b=(0,1)2
(b= (1,0)2
(3b=(1,1)2
then
hoo =Mo00) = (- Pt = (eakeo - (o= (o=
hox = Nooyen = (- P = eanes - goho = g0 =g
he> =N = R T
hes = hogan = (- P2 (e = o= (o =
h, = h(O‘l)(O‘O) =(- 1)%A " =(- 1)(00)“1*0) =(- 1)OAO =(- 1)0 =1
h, = h(O‘l)(O‘l) =(- 1)%A " =(-) @AY = (- ]-)0Al =(- 1)1 =-1

& km )
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aakim (01)A (111) 0A1 1
h, = h(O‘l)(l‘l) =(-D =(-9 =)™ =(-D'=-1

éA kim
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é’ A kimy
hy, = h(l‘D) wy = (-

=(- 1)(1no)A(o~o) =(- 1)0Ao =(- 1)0 =1
= (_ 1) TOA@0D — (_ 1) 0Ao _ (_ 1)0 =1
= (_ 1)(1‘1)A(0'0) - (_ 1)1)&0 - (_ 1)1 =1

=(- 1)(1n1)A(m) =( 1)1Ao =( 1)1 =-1
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é a
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Example (3) : The Hadamard matrix of order
N=23=8, hasthe from:

@Dﬂ hOl hOZ h03 h04 hOS hOG h07 l;l
ghm hll hlZ h13 h14 hlS h16 h17 H
?120 h21 h22 h23 h24 h25 h26 h27 l;'
H s = ghao h31 h32 h33 h34 h35 h36 h37 g
2140 h41 h42 h43 h44 h45 h46 h47 H
§h50 h51 h52 h53 h54 h55 h56 h57 l;|
2160 hGl h62 h63 h64 hGS hGG h67 H
6170 h71 h72 h73 h74 h h76 h77 Q

T
a

and the eements of Hadamard matrix of order
N=23=8 can be found, see table (4.1).

also, we can generate Hadamand matrix of order
N= 4 by using Kroncker product,[6] as:

g 1 1 1 1 1 1 10

9@ -11 .11 -1 1 -1

a 1 -1-11 1 -1-10

B g -1-11 1 -1-1 1y
Ho=HAH=g 1 1 1 o121 -1 -0
d-11 -1-11 -1 13

gt 1 -1-1-1-1 1 18

g -1-11 -11 1 -14

From above, we see that our method is best and
efficiency than Kroncker product.

Spectral Analysis

Spectral data are used in many applications
in digital logic design. Some of them offer a
possibility of function classification,[7], fault
synthesis, signal processing, [8], and others. A
Boolean function f(x1, x2,..., xn) can be
transformed from the domain {0,1} in to the
spectral domain by the linear transformation TY =
Z, where T is a 2nx 2n orthogona transform
matrix, Y= (yO, y1,...,yn2-1)t is the two- valued
truth vector of f(X1, x2,..., xn ), and Z= (z0, z1,
... Zn2-1)t isthe vector of spectral coefficients.

Hadamard matrices are used as transform
matrices. Piotr porwik,[8], used  selvester's
product .In our work , we will use Hadamard
matrices which based on binary code .
For example , let Y= (0,1,1,0,1,0,0,1)t be the
truth vector of a given Boolean function, then

éhoo Ny he hes Moy Dy hy by U G;OU
eho he ho hg by hg he hyg glgfrom
ghzo hy hy hy hy hy hyg hy E G:E].E
H . *Y = (:ghao h31 h32 haa h34 h35 hae h37 |;|* g)'-:]
ghao hy hy hg hy hg hg hy E glﬂ
e:!hso hy hy, hg hy hg hg hy u é)u
216‘0 Ny he he Mg D he by E g-)ﬂ
ghn Ny hy, hyy hy hy hy hipg 8lg

the table (4.1), we have

g 1 1 1 1 1 1 10 éu
& a &u

g -11 -11 -11 -15 &y

a 1 -1-11 1 -1 -10éJd

u eu

boeyod 1111 -1 -1 15 Dy
8 4 1 1 1 -1-1-1-10éu
& -11 -1-11 -1 13 &g

& 1 -1-1-1-1 1 10 &0

e ueu

g -1-11 -1 1 1 -1 élg

= (4,0,0,0,0,0,0,-4)t =

(20,21,22,23,24,25,26,27)t

then z0=4,721=0, z2=0, z3=0, z4=0,

z5=0, z6=0, zZ/=-4

Conclusion

1. In this paper , we give anther method to
construct Sylvester Hadamard matrix
of order N=2p from thrir elements .
Which based on binary code .

2. Since, Hadamard matricesare orthogonal ,
take the value +1 and -1, and
congtruction in binary code, they are
can be used in communication system,
image code, error correction code and
others.
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Table (1) Hadamard matrix of order N=8 by using binary code.

m=(m,

1,-+,My,Mp) (0)p=(0,0,0)2 (1)v=(0,0,2), (2)p=(0,1,0), 3)=1(0,1,1), (4)p=(1,0,0)2 (5)p=(1,0,2), (6)p=(1,1,0)2 (M= (1,1,2),
K=(Kn ... K1ko)

(0)v=(0,0,0), No00).(000=1 hoo00).(001)=1 hooa).(010=1 hoo0).(010)=1 ho00).(100=1 hoo0).(100)=1 hoo0).(110=1 hoo0.(111)=1
(1)s=(0,0,1), ho0,1),(000=1 hoo1),(001=-1 ho00).(010=1 hoo0).(011=-1 ho00).(100=1 ho00)(101=-1 hoo0).(110=1 ho00)(1,11=-1
(2)v=(0,1,0), No00).(000=1 hoo0).(001)=1 hooa(010="1 hooa(01n=-1 hooa).(100=1 hooa(100)=1 hoo0.(110=-1 hoo0).(112)=-1
(3)s=(0,1,1), ho11,(000=1 ho1100n=-1 ho11010=-1 ho1y01n=1 ho11(1.00=1 ho11(1on=-1 hoo0)(110=-1 hoo0)(11=1
(49=(1,0,0), Nw00).(000=1 hwo0).(000)=1 hwoay(010=1 hwo0).(01)=1 hwo0.(100=-1 hwoo(10n=-1 hwoo(110=-1 hwoo)(112)=-1
(5=(1,0,1), hwoa).(000)=1 hwoay(00n=-1 hwoay(010=1 hwoay(0an=-1 hwoay(100=-1 hwoay(100)=1 hwoa(110=-1 hwoay(110)=1
(6)s=(1,1,0), h1.0)(000=1 ha1.0)0000=1 ha10)010=-1 ha10)01=-1 ha1.0)(100=-1 ha1.0)(10p=-1 ha10)(1.10=1 ha10)(11=1
(Mp=(1,1,1) ha1.1)0000=1 ha11),0000=1 hoo1),(010=1 ha11001)=1 ha11)(100=1 ha11(100=1 ha11(110=1 ha11,1,10=-1
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