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Through compose sequences, specially orthogonal sequences, we can construct other new sequences with more length and more

security. In our short communication we show how we can use this idea for getting, in some times, new orthogonal sequences from

other know orthogonal sequences.
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Introduction

The best and easy orthogonal sequences are.

M-Sequences

These sequences are generated by characteristic prime polyno-
mial g(x) and if the degree of g(x) is k then the generated sequence
{a,} by g(x) is a periodic orthogonal sequence with the length
which equal to the period T = 2*1, and each period contains 2*
tof “1” and 2%!-1of “0” and the difference between the number of
agreements and the number of disagreement between two differ-

ent cyclic permutations is 1 [1-4].

Example 1
e  Using the prime polynomial g(x) = x>+ x + 1 as a characteristic
polynomial of the recurring sequence {a }, wherea ,=a  +

2 1

a with the initial vector (0 1), we get the periodic orthogonal
sequence: 0 1 1 .... With the period 2%-1 =3.

e  Using the prime polynomial g(x) = x>+ x*> + 1 as a character-
istic polynomial of the recurring sequence {b }, whereb_, =
b ., +b_ with the initial vector (011), we get the periodic or-
thogonal sequence: 0111010 ... With the period 23-1 =7.

Walsh sequences

Walsh sequences have the length 2% and they can gen-

erated using the recurring formula as the following: ,

H,=[1]. H;= H oy Ezk_l . IT
2 2 Hyey Hpl 'where in H we replace each 1 by 0
0000
and each 0 by 1, thus we have go_[0o |01 0 1|s0and
2‘_[0 J’ 2700011
0110

so, and the rows of the matrix except the zero row form a set of

orthogonal sequences and each nonzero row contains 2¥!of units

and the same number of zeros [5-7].

Results and Discussion
Suppose G is a

G={X;X =(xg,X],0,X,_1) X; €F,,i=0,1,...,n—1}.

set of binary vectors of length n:

Let's 1* = -1 and 0* = 1, The set G is said to be orthogonal if the

following two conditions are satisfied:
n—1

N In—1 P
Z(:)Xi _ZO-Y:' i|=1 That is the ab-
i= i=

solute value of agreements minus the number of disagreements is

1.VX €@, <1.2¥X.YeG X =zY=

less than or equals one.
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Compose Sequences

Compose sequence {a_} with the sequence {b } is the sequence
{c,}and ¢, =b, ca, =b, (a, ) where we replace each “1” in b_by
one period (or one line) of the sequence {a } and replace each “0”
in b by the complement of one period (or the complement of one

line) of the sequence {a }, for example [3,4].

Example 2

If the sequence {a } is: 110 .... and {b } is: 1011...
them is periodic then the sequence {c }is: 110001110110
....... , thus if on period (or one line) of the sequence {a } contains

and each of

n, of “1.s” and m, of “0.s”, and each period (or one line) of {b } con-
tains n, of “1.s” and m, of “0.s” then each one period (or one line)
of {c } contains n,(n,) + m,(m,) of “1.s” and n,(m,) + m,(n,) of “0.s”

8].

Compose two M-Sequences. Suppose {a }and {b_}are twobinary
M-Sequences and 4 = {AI’AZ’_“,A i 1} B ={B,Bs,.... B, ,}
are their sets of all permutations of one period of each of them

respectively.
And suppose the sequences {c} = ({b(A)}, and
C={C,C,,....C ™ 1} is the set of all C  where

C; =B;(4)) 1_12 2k2 —1, then the length of each C, is
I=(2*2 —1§ 2" —1)and contains:

P L R LSy ST L b S N 1O Al D L A L L W R

2kl ohiml _yy okl okal Ly gtk _ okl okih g g

If the difference between the number of agreements and the
number of disagreement in two different cyclic permutations (
B; &B;,
of agreements and the number of disagreement in two different
C; &Cj,

i # j) of Bis 1 then the difference between the number
i# jofCis 2k g , For example, from example1 we have:

B=0111010 = C,=B,(A,)=100011011011 100011 100
B,=1110100 = C,=B,(A,)=011011011100011 100 100

We can check that the difference between the agreement and

disagreementin C, and C, is 22 -1=3 .

Thus, the set C is non-orthogonal set.

42
Result 1. Compose two M-Sequences don’t give a set of orthogo-

nal sequences.

Compose two Walsh Sequences. Suppose two sets of
non-zero Walsh sequence W {w, wy, } and
U= {”19”27 5 1} which each sequence has the lengths

2! and 2P respectlvely and each w, has 2 ! 1of units and the

same number of zeros and each u, has 2 2= of units and the
same number of zeros and suppose the set of sequences C =
W(uj) ={C, =w, (”j) Cr =ws (”j )se-- 71(14‘,')

then the length of each of C,is: ] = 2% +/> and contains (/1 +/2)-1

.Cys

1 = Whin
and the same number of zeros. The difference between the
number of agreements and the number of disagreements in
two different w; &W i# ] of W is zero and the same for
u; &u J# ] of U then the difference between the number of
agreements and the number of disagreement in two different
C;&Cy,
example, Suppose W = {w,, w,,w;} where: w {010 1}, w,= {00
11}, w,={0110}and U={u={01} then: Ci=w(u)=10011001,
Cy=w,y(;)=10100101, and C;=wy(u;)=10010110 we can see

i # jof Cis zero thus the set C is an orthogonal set. For

that the set C is an orthogonal set.

Result 2. Compose two Walsh Sequences gives a set of orthogo-

nal sequences.

Compose M-Sequences with Walsh Sequences. Suppose {a } is a

binary M-Sequences and 4 ={4;,4,,...,4 }isits setof all cyclic

P}
permutations of one period of it, the set of non-zero Walsh sequence

W = (W, Wy Wy 1}andthesetofsequencesc {C1,Coss o},

Where

C;=w;(4;),i=1,...2" ~1which has the length 22k —1)and

contains.

ph-lpki=toh=tohi=1 1y = pti+k)=1 _oh-lof unites and
the same number of zeros and the difference between the number
of agreements and the number of disagreement in two different
w, & Wi j of W is zero then the difference between the num-
ber of agreements and the number of disagreement in two different

C & C/- ,i # j of Cis zero thus the set Cis an orthogonal set.

For example.

Citation: Ahmad Al Cheikha. “Compose Sequences". Acta Scientific Computer Sciences 5.2 (2023): 41-43.



Compose Sequences

Suppose W = {w;, w,,w;}where: w {0 10 1}, w,={0 0 1 1},
w,={0 110} and as in xamplel A = 011
w=0101= C=w,(A)=100011100011
w=0011= C=w,(A)=100100011011

We can see that C, and C, are orthogonal sequences and the set

Cis an orthogonal set.

Result 3. Compose M-Sequences with a Walsh Sequences gives

a set of orthogonal sequences.

Compose Walsh sequences with a M-Sequences. Suppose {a }
is a binary M-Sequences and 4= {Al,Az,...,Azkl _1} is its set
of all cyclic permutations of one period of it, the set of non-zero
Walsh sequence W = {w;,w,,..w ;  }and the set of sequences
D={Dy,Dy-..D,u _,}, where D, =4,(w;) i=1,.,2" —1which
has the length (2k1 _ 1)211 and contains:

2filph=ty kit _pyph=t =t +D=l ol g s

2h=oh =ty @bt _pph =t = oKDt _oh =D g sergg

The difference between the number of agreements and the
number of disagreement in two different 4; &Aj,i;tjof A
is one then the difference between the number of agreements
and the number of disagreement in two different D &D;,i+j

of D is 21, thus the set C is non orthogonal set. For example.

Suppose 4 ={A4;,A,, A3} where: A {011},A,={110},A,={101}
and as in xamplel w = 0101

A=011= D=A(w)=101001010101

A=110= D,=A,(w,)=010101011010

It is very clear that D, and D,are non-orthogonal and satisfies

the theoretical study and A(W) is not orthogonal set.

Result 4. Compose Walsh sequences with a M-Sequences gives a

set of non-orthogonal sequences.

Conclusion
e Compose two M-Sequences gives a set of non-orthogonal se-

quences.
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e Compose two Walsh Sequences gives a set of orthogonal se-
quences.

e Compose M-Sequences with a Walsh Sequences gives a set of

orthogonal sequences.
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