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Abstract: A problem of synthesis the 3D -
and 4D - binary nonlinear modular dynamical
system with fixed memory, limited connection and
a given degree, which descripiton in form of two
valued analogue of Volterra’s polynom is considered.
The synthesis problem is reduced to a matrix-vector
for. When the input sequences of the system satisfy
the conditions orthogonality, an algorithm for
solving the problem is given. If the input sequences
do not satisfy the conditions orthogonality for solving
the problem, a technique based on the use of special
orthogonal input sequences is proposed

Keywords: 3D — and 4D — binary nonlinear
modular dynamic system; Volterra’s polynomial;
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INTIRODUKTION

Modular dynamic systems (MDS) are widely
used in computer technology, diagnostic systems,
encoding and decoding of discrete messages,
cryptography, modeling, control of continuous and
discrete objects, etc. In this application, conventional
MDS and 2D-MDS are mainly used. However, there are
some classes of MDS that have a more general structure
than 2D-MDS. These classes include 3D-NMDC and
4D-NMDS. Note that when studying these systems,
effective results can be obtained. Therefore, this work
addresses the issue of solving the synthesis problem for
3D-NMDS and 4D-NMDS.

1. Solution of binary the synthesis problem for 3-
Dimensional nonlinear modular dynamic system
(3D-NMDS) with fixed memory ng, limited
communication P=P xP, and degree S are

described in the form of two valued analogue of
Volterra’s polynomial is considered [1]:

The formula binary 3D-NMDS with fixed
memory ng, limited communication P=P xP, and

degree s are following:
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S
yln,c1,¢co1=
i=0 v=ljely(¢y) Gely(ty) Tel(iv)
<] vabh-r@snambac +palepl (1)
(@f.7)eQ (i)

GF(2),

ne[0,N]={01..N}, ¢ €[0,C;]={01,..C;},
¢, €[0,C,]1={01..C,};
Pe ={Pg (D)o P (Fp) 1 =0 < Py (1) <. < Py (1) <o,
P (me{.-101.}, n=Ll.r,, a=12
i= e Jy,) and & =(0y,...,0,,)

are sets respectively sets.
Li(74) and Ly(¢y),

where
Ly (01) =€ (g o < o << iy, <1},
L((5) ={(oy,n0, i< oy << 0y, <D}
4; is the number of elements of the set
F(i), and there (¢y,¢,,m), isthe v - the element
of sets F(i), where there are the following sets
F(i)=
={(0y, o, M) s M= (M0 My Mg M oMy )

01,
sza'ﬁ =i; My 5 €{0,...ng +1}, a:l,Tl,/}:l,Tz};
a=1p-1
(Vaell,....;EB L. 0,}) = (m, 4 #0),
(VB efl...0.)Fa efl....[1}) = (m, 5 #0),
> e{l,...,ra},ylez};
Ql(i’V):
Z{(O!,ﬁ, 7) :7/ E{lr"'lma,ﬁ}’(a’ﬂ) € QO(i!gl'EZ!m)},
where
Qo(i,lq,05,M)={(a, B) : m, 5 iz kompotens
of mand m,;#0,a =1,71,ﬂ=1,72},
Q(i,m) = {(a, B):mgp is komponent of m and
my g # 0 is component of and myp # 0,
a = rrllﬁ = rrZ}'
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I'(i,v) there are block vectors of the form 7
and is formed fromis 7,, ;, where (o, 8) € Q(i, M),
iefl...(ng+Ynrr}, Med(i),
(i) =
={m =(Myy,....Myp, oMy, ) 1My €40,0,0g +13,
( :ﬂl’ k =1,_I'2 y ml‘l,...,m]_’rz ,...,mr1’r2 - |},

PO = gyl T (M)
(Mg p) ={7, 5 = (t(a, BY),....7(a, B;M, ) : O <
<t(a,ph)<..<t(a, B,M, 5) <N},
Sequence
{vi, [n,c;,c;]:ne[0,N],¢, €[0,Cy].c, €[0,C,1} (2)

is an arbitrary binary sequence.
Sequence (2) is an arbitrary binary sequence. The
task of synthesizing binary 3D - NMDS is to find such

a value of impulse characteristics h; ,[j,&,7] for each
jeli(t), dely(ty), v=1..4%4,i=0,..,S , 3D-

NMDS (1) at which the functional is minimized

functional
G G

N
1=2.2.2 0necl-yolnec))” @)

n=0 ¢;=0¢,=0
where
{Yo[n,c;,c,]:n€[0,N],¢;, €[0,Cy],c, €[0,C, ]}
there is the desired output sequence. Problem (1), (3) has
the following matrix-vector view:
Y =V -H, GF(2), 4)
J=(Y =Yy)" -(Y =Y,) — min (5)
where
Yo =(Y0[0,0,0],...,¥,[0,0,C51....,Yo[0,C;,C5 ]....
---:YO[NvaCz])Tv
Y =

=(y[0,0,0].....y[0,0,C,]..... Y[0,Cy,C51.....YIN,C1,.C, )T,
and the block matrix is formed from the input sequence
(2) according to the following sequencea block matrix.
v formed from the input sequence (2) bay following:
sequence

Vo(iv, }.5.7¢) =

= ] wb-rQ@snamliace +palopl,
(a,B,7)eQ,(i,v)
V,(i,v,j,0)=

=V, (@i,v, ],5,71) ..V (i,v, ],Ej‘r(iy)‘)) ,

Vo(iv, 1) = (401, 1,80) - Voo, 1. )
V3(0) = Vol 1) Vo Gy 6
Vi) =V ... Va(i, 4), V = (V4 (@) ... Vy(s))
where 7, is & - the element in set T'(i,v’), components
of vectors (recruitments) 7, is 7% (a,B.7),
yefl..m, 5}, (@,B)eQy(i,l1,0,,m), and there
Uo(i,v,1.5.7;) is (N +1)(C, +1)(C, +1) x1-

dimensional matrix. The block vector column is
constructed bay following sequence:

Hy(i,v.1.8) = (0, 1.5, 5]y [5.5. F D)
Mo, ) = (Hy v, 5,30, a0, 1,5
Hs(i,v) = (H,(,v, ]1),...,H2(i,v, JT\Ll(zl)\))T (M

Ha() = (H3(D.... H3((, )", H =(Hy@,..Ha(s)"
In (4) block matrix V and the block vectors are have size
according is with (N +1)(C, +1)(C, +1)xrand rx1,

here e
w r_Zi=1 (g +D)rry

Let us, assume that sequences (2) there are
orthogonal sequences, i.e.

VT .V =diag [dy;,....d, ], dyp >0, @ =1....1, (8)
orthogonality conditions are satisfied, then solution to

problem (4), (5) is found using solving a conditions
Quadratic problem optimization

Y=V-K, J=(-Y)"(Y-Y))—>min, (9)
where K is a r- dimensional vector. If there k, and
h, are « -the component of the vectors Kand H
accordingly, then if k, >0.5, to h, =1, otherwise
h, =0. And the solution to problem (9) is determined
by the formula

K=vT-V)?VvT.y,.

If sequences (2) are not orthogonal, then the
method used to solve the problem is attraction —based
orthogonalization input sequences.

2. Solution of binary the synthesis problem for 4-
Dimensional nonlinear modular dynamic system
(4D-NMDS) with fixed memory n,, limited

communicationP =P, xP, xP; and degree S are

described in the form of two valued analogue of
Volterra’s polynomial is considered [2-4]:

The formula binary 4D-NMDS with fixed
memory ny , limited communication P=P xP,xP;

and degree S are foIIowing'

yInc1,c2,C5] = ZZ Z PTG

i=1 v=1 ( p)eLIl z'el"w
Ma,p,y
[T svn-c@prcapa+ (10)
(@.7)€Qiy Sapy=1
+P1(ja)C2 + p2(op).c3 + P3(py)1.GF (D).
Here ne{012,..}, ¢, e{..-101.},a=13;
P ={Pe @) P (1)} —0 < P, (1) <...< pg (1) <0,

Pe(i)e{..-101.}, j=1r,, @=13;

i =[F G,
where
F@) ={(t1.02.¢3, m)| = (Mg Mg gy M 200 M2 e
ly Ly U4
At DD Mgy =i Mg g €{0,ng + 3,
a=1p=1y=1

a=101, B=103,y=1/3;
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(Var €{luee (1N)ES € v (2P €{Luvs (3) = (Mg 5, % 0),
(VA el £21)(30t € Lo (11)F) €4Levs (3) = (Mg g #0),
(V7 el 3D @e €fl, 4NEB (L £23) = (Mg g, #0),
(o €{l To},0 =13}
L(0) =Ly (£1) x La(¢2) x Lg(43) ,
where
L (02) =43 = (g Jo < Jo <oy, <1},

L,(¢,)={c = (al,...,a(2)|1ﬁ 01 <...,04, Sh},

L3(€3)={,5=(p1,...,p[3)
hi,v[jval/_)vlz-] = hi,(€1,62,53,m)v [j75751?]'
Qi,v =Qo(1,(¢1,05,05,M),),
G, =T(0,05,03,m),, L, =L((¢1,05,43),),

where

T(y,0,,04,m) = x
(F1.b2,05, M) (@) il1,0 . 5.)

L(m, 4,)=
={Tap, =@ By D)...7(@, B,y My p,)): 0<
<t(a,ByD))<.<t(a,B.y.My5,) <N}
Qo(i, 0y, 0,5, M) =

={(@ B.y)im, 5, #0,a=11y, B=11, y=1(3},
Let ne[0,N]={0L1..N}, ¢, €[0,C,]1={0L...C,},
=13 and the input 4D-NMDS (10) receives
following input

{3,[n,c;,c,5,c5]:n€[0,N], ¢, €[0,C, ], =13},

ve{l... .4}, iefl...S} (11)

and sequence (11) is an arbitrary binary sequence. The

task of synthesis binary 4D- NMDS is to find such a
value of impulse characteristics

h,[i.c.p.z]1 for each TeT;,, (i..p)eLi,.
vedl..,4}, ief{l..,S} at which the functional
Cl CZ CS

N
3= (incwcacal- yolnereacs)? (12)

n=0 ¢;=1c, =1c;=1

is minimized.

1< p <..<p,, S}

rl(ma,ﬁ,y) '

0,(i,v,j,5,p.7) =

Mo,y

:{ H H ‘gi,v[n_T(k)(avﬂvyvéa,ﬁ',y)’cl+
(@.B.1)eQy Sa.pp =L
+ Pi(Ja) Co + P2(op).C5 + P3(p, )]}
In (13) each set
(n,€1,C5,C5) €[0,N]x[0,C;]x[0,C,]x[0,C5]
corresponds one line. Matrices are constructed
sequentially:

(13)

= (0. 1.5.5.7) - (i, 1.5, 5.7 )
021) = @iy (1,790 - v (5.7, ). (14)
65(3) = (6(i) ... 61, 4)), 0=(650) ... 65(S))

And vectors

Hl(i7V1 j,&,ﬁ): 15
(0, 10,575,800, 1755, 0T ¢
H,(,v)=

= (Hl(i,V,(JT,E, ﬁ)l)l"" Hl(i,V,(j, Evﬁ)‘Diy‘))T '

Ha(@) = (Ho (D, Ha (i, )T
H = (Hs(@),...H5(S)" .
Block matrix ¢ as ordinary matrix has dimension is
(N +D(C, +D)(C, +D(C5 +D) xR

S
where R = ZC(In0+1)r1r2r3 :

i=1
Block vector H is the same as a ordinary vector has
following dimension:

(N +D(C, +D(C, +D(C5 +D) x1.
Let

Yo = (¥,[0,0,0,0]....,¥,[0,0,0,C5]....,¥,[0,0,C,,Cs]....

-+ Y0[0,C1,C5,C3]...,Yo[N :C1vC2:C3])T )
Y =(y[0,0,0,0]....,¥[0,0,0,C,]....,y[0,0,C,,C5]....

...y[0,C;,C,,Cs].....YIN,C;,C,,C3])'.
Then problem (10), (12) with the help of (14)-(15)
has the following matrix-vector form:
Y=6-H, GF(2), (16)
J=(Y =Yy)" (Y =Yy) > min 17)
If the input sequence (11) is orthogonal, problem (16),
(17) is solved similarly to problem (8), (9).

If the sequence (11) is not orthogonal, solve
problem (16), (17) orthogonalization is first carried out
for sequences (11).

3. The Condition of orthogonality for input
sequences for binary 4D-NMDS.
Let

{vi,[n.cy,c5,c3]:n€[0,N]}, ¢, €[0,C, ]« =13,
ve{l...,4}, ie{l..,S}

are such that the matrix formed from them according to
formulas (18) satisfies the condition orthogonality

VT .V =diag{dy,,...dg g} dyq>0,a=1.,R. (18)
Then sequence (17) is called orthogonal input sequence
(OIP) for binary 4D-NMDS (10).

Let Ry(i,v.].7.p), Ry(i,v), Rg(i), R are the
number of columns according of  the matrix
Vi(i,v,1.5.8), Va(iv), Va(i) .

It’s clear that

Ri(iv. 1.5.0) =[N, Ro(iv) =[]

Ra() =D " Ra(i).

Theorem 1. Let the matrix be formed from input
sequences (17) according to the formulas (14)-(15). In
order to satisfy the condition orthogonality (18), is
necessary and sufficient, so that it is fulfilled for
everyone
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V, (i,v) "V, (i,v) =
=diag{d;; (2,i,v),....AR, (i.)R,(iv) (21, V)} (19)
d,,(2iv)>0, y=1..,Ry(i,v),

where d, , (2,i,v) iselements of matrix Vy (i,v) Vs, (i, v)
and for all vefl... A4}, iefl,... S},

viefl,., A4} i'ell...,S}, (i,v)=(i',v') satisfied
V, (i,v) TV, (i',v') =0. (20)
Relations (19) are the condition of the own
orthogonality of sequences (17), and correlation

solution (8) — mutual orthogonality follower ties (17)
and sequences

{or,/[n,cy,¢5,¢51:n€[0,N]}, ¢, €[0,C, ],z =13,
vefl., A4} i'e{l...S}
Theorem 2. Let ve{l...4}, iefL..,S}. For roper
orthogonality sequences
{vivInc,c,c3]1:n€[0,N]}, ¢, €[0,Cpl =13,
necessary and sufficient for everyone carried out so that
for (j.7.p) <L, carried out
Vl(i,v,(i,E,,E))T 'Vl(i,V,(jT,E,IB)) =
diag{ds; (1).---.dg iz o) R (1.5.5) D
dy o >0, & =1...,R(i,v,(],5,p)),
where d, , (1) is elements matrix

Vi (i,v,(J.7.2))" -V4(i,v.(j.7, 7)) , and for all
(i.a.p)eLi,,(j"".p)eLi,, (i,.a,p)# (i p")
satisfiesd V,(i,v,},5.p)" Vi(i,v,].5".p')=0.
Theorem 3. Let: I. For all vefl.. A4}
i e{l...,S} sequences v;,[n,c;,Cy,C3] are sequences
with period T(,v)+1 A(,v)+1, A (,v)+land
Aq(i,v)+1 according to the arguments n,c;, ¢, and c3
besides
Vy(i,v) Vs (i,v) =
=diag{dy; (2,i,v).....dg, i1 R,(00) (21, W)}
d, (2i,v)>0, y=1...,R,(i,v),
where d,  (2,i,v) is elements of Vo(i,v)TVa(i,v), and
matrix V5 (i,») formed at sequences
{oi,In.c,c;5,631: ne[0,T(i,v)]},
¢ [0, A (i,v)].co €[0, Ay (i v)].c3 €[0, Ag(i, V)]
sequentially according to the formulas:
Vo(i,v, 1,5, 5,7) =

Ma,p.y

[T [lob-Yesrp)ar
(e, 8.7)€Q;, Sapy=1

pP1(ia).C2+P2(op).cs+palp,)]
Qv 3.5.7) = Vo, 1,5.5.7) - Vol 1.5.2. 35 1),
Va(iV) = Caliv. (3. P - Vi (3.2, ) -

Il.a) Forall vedu,... .4} ie{l..,S} and

(n.c1,C5,C3) €
e[0T, v)Ix[0, A (i, v)]x[0, Ay (i,v)] %[0, Ag(i, )]
sequences uf ,[n,c,cp,cg]determined by the formula:

v [N, co,c3]=

3
oiv[n.cp.ca.c3l, (n,cl.c2,c3)eF(i,v)x(ax:lea(i,v)),

0 , (n,cq,C9,C3) & F(i,v)x( %lGa(i,v)),
where
F(i,v) =
=[N, (i,v) = 7(i,v), Ny (i,v) = z(i,v) + T (i,v)] = [0, T'],
G, (i,v)=

=[D,(i,v),D,(i,v)+ A, (@i,v)]<[0,C. ], =13,

MaX{My g 10 Mg M2 000 M2 0 0ees M g g 0eee
z(i,v) = ...,mk1’ﬁ21[3}—1, N4 (i,v) >0,
0 , Ny(i,v) =0.
b) For all ved{l..., 4}, iefl...,S} natural numbers
N,(@i,v), Dy(i,v), D,(i,v), Ds(i,v) and domain
[0.7']x[0,C{1x[0,C31x[0,C3]
are such that for any v' e{l...., 4}, i' e{L...,S}, where
G,v) =0V, the relations are satisfied
FA.v)nF@i'v)=9g or G,(i,v)nG,('Vv)=92,
a =13 according to the arguments n,c;, ¢, and cz3.
. For all vedfl.. A4} iefl...,S} sequence
v [n,cy,c, 3 ] there is a periodic continuation of the
sequence o] [n,c;,C,,¢3] from the domain
[0,T1x[0,C{][0,C4]x[0,C5]
to other parts of the domain
[0, NJx[0,C;]%[0,C,]%[0,C5]
with periods T(i,v)+1 A(,v)+1, A(i,v)+1 and
Aq(i,v) +1according to the arguments n,c;,c, and c;.
Then the
{i,Inc,Co.c51:n € [ONI}, ¢, €[0,C,].a =13,
ve{l..,4}, ie{l...,S}

sequences are orthogonal input sequences for binary 4D-
NMDS (10).

CONCLUSIONS
The paper considers the issue of solving the synthesis
problem for 3D-NMDS and 4D-NMDS and obtaining a
solution formula. In addition, the condition of
orthogonality for input sequences for binary 4D-NMDS
was received
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