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In the report the question of obtain of conditions of orthogonality of input sequences for
one class 3D -nonlinear modular dynamical systems (3D - NMDS) [1,2] and on the basis of it
development of a technique of construction of orthogonal input sequences for this system is
considered. Such sequences are used in the solution of a problem of synthesis for various classes
binary modular dynamic systems [1].

Let's consider NMDS with the maximal degree of the nonlinearity s, fixed depth of
memory 7, and sets of limited connection P =P, x P, ={p,(1),..., p, (1)} x{p, (D),..., po(ry)},

which is described following two valued analogues of Volterra’s polynomial [2]

y[n,c,,c,] Z z z Z z hl.jl.1 []_',f,ﬁz]x

i l]ELl(() 7€l (£y) nyel(Ly,0,,m) (1)
x ] Suln—n(ap.o)e +p(a)e, + py (7))l GF(2).
(a,p,0)€0, (i)

Here neT ={0,1.2,...}, ¢, € {...,—10,1,...}, i = l,_2; y[n,c,,c,]1€ GF(2) is output sequence
of NMDS ; 9, [n,¢,,¢,]€ GF(2) is input sequence of NMDS and enters in its those inputs,
which correspond i, — th trio (¢,,/,,m) from sets F(i); A there is the number of elements
of set F' (i);

P={p,0scs p, ()}, p(D<<p, (). p() €L LOLL} j=1loyr, =12,
besides, p,(l) and p,(7;)are finite integers (i :1,_2);

0ol

F(i) = {00y T T = () ey ey, ) > iy =0,y € 40,0my +1},

a=1 p=1
a :E, p=11,; Forall @ € {l,...,0 } existssuch S e{l,...,0,},
that m,, , # 0 and forall B € {l,..,/,} existssuch @ € {l,..., 0 },

that m, , #0 ; £, € {l,...,1;}, i:1,_2} ;

0,6, 0,,0,,m)= {(a,ﬂ)‘ma,ﬁ is komponent of vektors m and m, , #0,a =1,(,, f=1,{,}

L) =G Ni<i << <nb L) =t JIST <<7, <h}
Li(m, ) =1n, ;= (nl(a,ﬂ,l),...,nl(a,ﬂ,ma,ﬁ))|0 <ni(a, Bl)<..<na,B,m,z)<ny};

m= (ml’l,...,mu2 ,...,mwz) n, = (nl,l,...,nu2 NN );

0,(i.i)={@.p.0) o e{Lum, . (a.)e 0, (it 0 ,m);
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For all n, , €l(m, ), azm, ﬂzm set of all block vectors (collections) 7, is
designated as I'(¢,,0,,m).
Let n€[0,N]={0,l....N}, ¢, €[0,C,]={0.1,..C,}, ¢, €[0,C,]={0.1,..C, }.

By 7,, we shall designate k- th an element in I'(¢,,/,,m), and components of a vectors

i, , is designated as n{" (@, 8,0) . Let

AEWEANE {( 1 suln-nP@po)e +pUoe +p2<rﬂ)]}. @
To each trio (n,c,,c,), n€[0,N], ¢, €[0,C,], ¢, €[0,C,] in a matrix Vo(i,il,j,f,ﬁz,k)
corresponds a line. Let_ B B
Vi, j,7)=WV,G,0, j,T,ny,) .. Vo(i,il,j,f,ﬁz,‘r((“(zﬁ)‘ )
Vo (i) = (Vo 0o Ty) oo Vi JonT ) o Vi oy Q)
Vi) =V, @) . VoG [F@) V= 05Q) . Vi(s).

If in a block matrix ¥ for all sub matrixes we shall write it all elements, then we shall

receive an simple matrix with dimensions (N +1)(C, +1)(C, +1)xr", where

7’* = Zc(i”o+1)r1’2 ’
i=1
If a matrix V' formed from
{9, [n,c,¢,]: nel0,N], ¢, €[0,C], ¢, €[0,C,]}, i, =14, i=ls 4)
by formulas (2), (3) and satisfies to conditions of orthogonality

AN

ViV =diag[$11,....9 ], Gae >0, a=1..r, (5)
then sequences (4) are called orthogonal input sequences for 3D -NMDS (1).
Let's consider the problem findings of conditions of orthogonality for sequences.
Let's designate by 7,(i,i,), r,(i,i,), r;(i) are designate number of columns of a matrix
I/vl (la il ’ ja Z_'), VZ (la il )7 I/} (l) accordingly.
Theorem 1. Let: a) for each i, € {l,...,li } , 1€ {1,...,s} sequence §i,il [n,c1 ,cz] is
{0,1} - sequence with the period T, +1, 4 (,i,)+1 and A4,(i,i,)+1 accordingly on

argument 7, ¢, and ¢, , and besides,

v, (i, I )T . I72 (i’ I ) = diag{dm (z’i’il ),---, drz(i,il ),rz(i,il)(z’i’ I )}a

d, (2,i,i,)> 0,0 = 1,1, (i, ), (6)
where d,, (2,1', il)— elements of a matrix I7Z(i,i1 )T -172(1', il), and a matrix
17()(1',1'1,}, T,0,,), 171(1', il,j, 7), 172(1',1'1) , 173(1'), V it is formed from sequences

{ Y [n,cl,cz]: ne [O,T,.Jl] , C € [0, A,.J.l] , Cy € [O,Bl.’l.1 ]}

analogies by formulas (2), (3);

b) For each i e{l,...,/ii },ie {1,...,s} and (n,cl,cz)e [O,T']X[O,Cl'] X [O,C;]C
[0, N]x[0,C,]x[0,C,] sequence 3, [n.c,,c,] is defining by follows relation:
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) 9, [n’cl’cz]i if (n,cl,cz)EF(i,il)XGl(i,il)xGz(i,iz),
Giylmererl=y ™ . NGt G (i a
0 ,lf(n,cl,cz)eéF(l,ll)XGl(l,ll)XGz(l,lz),
where F(i,i,)= N, (i,i,) - 7,, \ N, (i,i,) -7, +T, |<[0,77],
G (i) = [
)=[D

(l ll) Dl(i’i1)+ Al(l"il)]c [O’Cl’]’
(l’ll

( ) Dz(i:il)"'Az(i’il)]C [O,Cé]

and
max{mu,...,mmz,..,mw2 }—l,ile (i,i1)> 0,
. _{0 if N, (i,i)=0.
For each i, € {1, A, },l e{l, ,s} natural numbers N (z i ) D (l i ) D (l ll) and
domain [0,7"]x[0,C]]x[0,C; ] are those that for each

X
i ell, A} ie{l.,s)i efl, €
F(i,i,)nF(i',i])=@ or G,(i,i, )" G,(i",i])=0 or G,(i,i,)nG,(i",i])=0;
0 4, [necc,] i =1.,40), i=
from [0,7"]x[0,C;]x[0,C}] to other parts of domain [0, N]x [0,C,]x[0,C, ] with the period
T.. +1, A (l i )+11/IA2 (i,il)+l accordingly on arguments n, ¢, and ¢,. Then a matrix V'

ll

1
!
l,..,s are periodic continuation of 9 [n,cl,cz]

is orthogonally in sense (5).
The theorem 1 gives a technique for construction of input test sequences. By this

technique J, , [n,cl,cz] , I, =1..,4, i=1,..,s is construction as follows:

s /i

1. Construction of auxiliary test sequences 191.,1.[ [n,cl,cz], i =L.,4,i=1.,s
according to a condition of the theorem 1 separately, i.e. irrespective from
3, Ince,] . il=l A, i'=1,s, (i) (i0).

2. Accordmg to a condition of the theorem 1 dividing a domain of tests

l9i’l-l [n,c], il = 1,...,/1i, i=1...,s on argument # or ¢; or ¢, or on two or three arguments
by the formula (7) tests &/, [n.c,,c,], i, =1..,A, i=1,.,s are construction in the domain

[0.7']x[0.ci]x[0.C; ] < [0, N]x[0.¢, ]x[0.C, ].

3. According to a condition of the theorem 1 periodic
continuation 191.'JI [n,cl,cz], i =1..,4, i=1L.,s from domain [O,T']x [0, Cl']x [0, C;] with
the period 7'+1, C/+1 and C, +1 accordingly arguments 7, ¢, and ¢, in other parts of
domain [0, N]x[0,C,]x[0,C,] the test 8. [n.c,c,], i =1..,4,i=1..,sis
construction of them.

Thus, one of the primary problems of construction of input test sequences
19”1 [n,cl,cz], i,=1..,4,i=1..s is construction of auxiliary test sequences
gi’il [n,cl,c2 ], , =1,...,4,, i =1,...,5 according to a condition of orthogonality (6).

Let 9(1',

lll):|Q0(i,€ i 2,ﬁ)|. Let the sequence of nonzero components of a vector m is

i
il) there is an amount of nonzero components of a vector m . Clearly, that

following sequence:

Mg doees Mg s Mgy oo Mgy oeees MM
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0y 2

Clearly, that  &,, </, a=Losly, | J0ri&or J=Uisdasdi o Sv, =00i0,).

(=1

—_

a=

Let's give some data:
1. Let 4,(i,i,) also A4, (i,i,) there are any natural numbers and sets R, M ,...,M ,, are

formed from elements of set [0, 4, (i,7,)]x [0, 4, (i,i,)] . Numbers 4,(i,i,) and A,(i,i,) are
those, that:

a) For each pair (c1 ,Cy ) € [0, A4,(,1, )] X [0, A, (i,i, )] true inequality
60(i.iy)

{c.e,)+ P xPIN(UM,)

v=l

b) If for any pair (c,,c, )€ [0, 4,(i,i,)]x [0, 4,(i,i,)] true relation
0(i.i,
=0(i.i,),

(i.iy)
{c.e)+ R xpiNCUM,)
v=1
then found such pair (j,f)e Ll(ﬁl)x Lz(ﬁz)at which for all a=1,...,0,,=1..0, it is
B-1
carried out (¢, +p,(j, )¢, + py(75))eM,, where v = Zva +a, and for all
/=1

aé¢ {jl""’jﬂl } and f ¢ {Tl,...,réz } will be executed (¢, + p,(a),c, + p,(f)) €R;
c) For each jel, (ﬁl) and feLz(ﬂz) found such ¢, € [O, 4, (i,il)] and
c, € [O, A, (1,1, )] at which for all a=L..,0, f=L.,0, it is carried out
-1
(i +p,(J,)c, +py(T5)) €M, , where V=va +a, and for all a¢ {jl,...,j(l} and

(=1

pée {2'1,...,@2 } will be executed (¢, + p, (@), ¢, + p,(f)) € R;

<0(ii,) ;

2. For every one vV € {l,..., 9(1’, I )} two valued function z, [n] is function with the period

T! +1 andat 0 >T a matrix

Bv(a)z[ﬁzv[n—n,'{(ﬁ)]],n:(),_a,kz

satisfies to conditions of orthogonality, where (n,'C (1),...,71,'c (5‘/ )) is k - th an element of set

L= {(n’(l),...,n' (5, ))‘0 <n'(l)<..<n'(5,)< no} and 6,=m, ,, and between v, and S
-1

there is relation v = Z vV, ta.
(=1

3. For all (n,¢,,c,)e [O,Tl.’l.1 Jx [0, A, (i, )]x [0, A, (i, il)] sequence [n.c,c,] is
defining by follows relation:

L|Z)

0 L if (¢,¢,)€eR,
Zl[n] i (CI’CZ)GMI’

Za(i,il)[n]’ if (Cl’cz)e M)

where

v=l

0(ii,)
T, = (H(T; +1)j—1.
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Theorem 2. Let for fixed (i, i1) conditions 1-3 are satisfied and
I.OJ;,:‘I Jx [O, 4 (i,il)]x [O, A, (i, il)] there is area of definition of sequences gm‘, [n,c]. If elements

from set {T T+ l|v =1,..., H(i, A )} mutually prime numbers, then the matrix Z(i,il) satisfies to
conditions of orthogonality (6).
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