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In the report the question of obtain of conditions of orthogonality of input sequences for 
one class D3 -nonlinear modular dynamical systems ( D3 - 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 0n  and sets of limited connection )}(),...,1({)}(),...,1({ 22211121 rpprppPPP ×=×= , 
which is described following two valued  analogues of  Volterra’s  polynomial [2] 
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Here  2,1  ,...},1,0,1{...,  ,...},2,1,0{ =−∈=∈ icTn i ; )2(],,[ 21 GFccny ∈  is output sequence 
of NMDS ; )2(],,[ 21, 1

GFccnii ∈ϑ  is input sequence of NMDS and enters in its those inputs, 

which correspond −1i th trio ),,( 21 mll  from sets )(iF ; iλ  there is the number of elements 
of set ( )iF ;   
           

...}1,0,1{...,)(),(...)1()},(),...,1({ −∈<<= jprpprppP iiiiiiii 2,1,...,1 == irj i ,   

besides, )1(ip  and )( ii rp are  finite   integers )2,1( =i ;  
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                                ;,1,,1 21 ll == βα For all },...,1{ 1l∈α  exists such },...,1{ 2l∈β ,  
                                  that 0, ≠βαm  and for all },...,1{ 2l∈β  exists such },...,1{ 1l∈α , 

                                   that 0, ≠βαm  ; }2,1},,...,1{ =∈ iriil  ;                                                             
        

},1,,1,0and  vektorsofkomponent  is),{(),,,( 21,,210 llll ==≠= βαβα βαβα mmmmiQ
;                                                                                                                                                                      

;  }...1),...,{()(    },...1),...,{()( 2112211111 2211
rLrjjjjL ≤<<≤=≤<<≤= llll ll ττττ  

; }),,(...)1,,(0)),,(),...,1,,(({)( 0,11,11,,1 nmnnmnnnm ≤<<≤==Γ βαβαβαβα βαβαβαβα
 

),...,,...,(
212 ,,11,1 lll mmmm = ),...,,...,(

212 ,,11,12 lll nnnn = ; 

( ) ( ) { } ( ) ( ){ }; ,,,   , ,...,1    ,,, 210,11 miQmiiQ ll∈∈= βασσβα βα  
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For all 21,1, ,1,,1),( ll ==Γ∈ βαβαβα mn  set of all block vectors (collections) 2n  is 

designated as  ),,( 21 mllΓ . 
Let [ ] { } [ ] { } [ ] { }222111 ,...1,0,0    ,,...1,0,0   ,,...,1,0,0 CCcCCcΝΝn ≡∈≡∈≡∈ .                                          

By kn ,2  we shall designate k - th an element in ),,( 21 mllΓ , and components of a vectors 

kn ,2  is designated as ),,()(
1 σβαkn . Let  
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To each trio ],0[c  ],,0[  ],,0[  ),,,( 221121 CCcNnccn ∈∈∈  in a matrix ),,,,( ,210 knjiiV τ  
corresponds  a  line. Let 

)),,,,(   ...  ),,,,((),,,( ),,(,2101,21011 21 mnjiiVnjiiVjiiV
llΓ= τττ  

( ) )),,,(  ...  ),,,(  ...  ),,,((),( )(11)(111111112 221122 lll LLL jiiVjiiVjiiViiV τττ=         (3) 

))(,(  ...  )1,(()( 223 iFiViViV = ))(  ...  )1(( 33 sVVV = . 
If in a block matrix V  for all sub matrixes we shall write it all elements, then we shall 

receive an simple matrix with dimensions *
21 )1)(1)(1( rCCN ×+++ , where 
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If a matrix V formed from 
]},0[   ],,0[   ],,0[  :],,[{ 221121, 1

CcCcNnccnii ∈∈∈ϑ , sii i ,1  ,,11 == λ        (4) 
by formulas (2), (3) and satisfies to conditions of orthogonality 

*
,,1,1 ,...,1,0];,...,[ ** rdiagVV rr

T =>=⋅
∧∧∧

αϑϑϑ αα ,                              (5) 
then sequences (4)  are  called orthogonal input sequences for D3 -NMDS (1).  

Let's consider the problem findings of conditions of orthogonality for sequences.  
Let's designate by )(   ),,(  ),,( 31211 iriiriir  are designate number of columns of a matrix 

),,,,( 11 τjiiV  ),,( 12 iiV )(3 iV  accordingly.  

Theorem 1. Let: a) for each { }ii λ,...,11 ∈ , { }si ,...,1∈  sequence [ ]21, ,,
1

ccniiϑ  is 

{ }−1,0 sequence with the period ( ) 1,  ,1 11, 1
++ iiAT ii  and ( ) 1, 12 +iiA  accordingly on 

argument 1 , cn  and 2c  , and besides, 

        ( ) ( ) ( ) ( ) ( ) ( ){ },,,2,...,,,2,, 1,,,11,11212 1212
iidiiddiagiiViiV iiriir=⋅Τ                                                        

 ( ) ( ),,,...,1,0,,2 121, iiriid => ααα                                                                  (6) 

where ( )−1, ,,2 iid αα elements of a matrix ( ) ( )1212 ,, iiViiV ⋅Τ , and a matrix 

),,,,,( ,210 knjiiV τ ),,,,( 11 τjiiV ( )12 , iiV  , ),(3 iV V  it is formed from sequences  

   [ ] [ ] [ ] [ ]{ } ,0  ,  ,0   ,  ,0  :,,  
1111 ,2,1,21, iiiiiiii BcAcTnccn ∈∈∈ϑ  

analogies by formulas (2), (3);   
 b) For each { } { }sii i ,...,1,,...,11 ∈∈ λ  and ( ) [ ] [ ]121 ,0,0,, CTccn ′×′∈ [ ]⊂′× 2,0 C  

[ ] [ ] [ ]21 ,0,0,0 CCN ××⊂  sequence [ ]21, ,,
1

ccniiϑ′  is defining by follows relation: 
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For each { } { }sii i ,...,1,,...,11 ∈∈ λ  natural numbers ( ),, 11 iiN ( )11 , iiD , ( )12 , iiD  and 
domain [ ] [ ] [ ]21 ,0,0,0 CCT ′×′×′  are those, that for each 

{ } { }sii i ,...,1    ,,...,11 ∈∈ λ { } { },,...,1  ,,...,11 sii i ∈′∈′ ′λ  where ( ) ( )11 ,, iiii ′′≠ , are true a relation 
( ) ( ) =′′∩ 11 ,, iiFiiF Ø or ( ) ( ) =′′∩ 1111 ,, iiGiiG Ø or  ( ) ( ) =′′∩ 1212 ,, iiGiiG Ø; 

c) [ ] ( ) siiiccnii ,..,1  ,,...,1  , ,, 121, 1
== λϑ  are periodic continuation of [ ]21, ,,

1
ccniiϑ′  

from [ ] [ ] [ ]21 ,0,0,0 CCT ′×′×′  to other parts of domain [ ] [ ] [ ]21 ,0,0,0 CCN ××  with the period 
( ) ( ) 1, и 1,  ,1 1211, 1

+++ iiAiiAT ii  accordingly on arguments n , 1c  and 2c . Then a matrix   V  
is orthogonally in sense (5). 

The theorem 1 gives a technique for construction of input test sequences. By this 
technique [ ] siiccn iii ,...,1   ,,...,1   ,  ,, 121, 1

== λϑ  is construction as follows: 

1. Construction of auxiliary test sequences [ ]  , ,, 21, 1
ccniiϑ sii i ,..,1  ,,...,11 == λ  

according to a condition of the theorem 1 separately, i.e. irrespective from 
[ ]  ,  ,, 21, 1

ccniiϑ ,,...,11 ii λ=′  ,,...,1 si =′  ( ) ( )11 ,,  iiii ≠′′ . 
2. According to a condition of the theorem 1 dividing a domain of tests 

[ ] siicn iii ,...,1  ,,...,1   , , 1, 1
== λϑ  on argument n  or 1c   or  2c  or on two or three arguments 

by the formula (7) tests [ ] siiccn iii ,...,1  ,,...,1   , ,, 121, 1
==′ λϑ  are construction in the domain 

[ ] [ ] [ ]21 ,0,0,0 CCT ′×′×′ ⊂ [ ] [ ] [ ]21 ,0,0,0 CCN ×× . 
3. According to a condition of the theorem 1 periodic 

continuation [ ]  ,,...,1   , ,, 121, 1 iii iccn λϑ =′  si ,..,1 =  from domain [ ] [ ] [ ]21 ,0,0,0 CCT ′×′×′  with 

the period 1   ,1 1 +′+′ CT  and 12 +′C  accordingly arguments n , 1c  and 2c  in other parts of 
domain [ ] [ ] [ ]21 ,0,0,0 CCN ××  the test [ ]  , ,, 21, 1

ccniiϑ  sii i ,...,1  ,,...,1  1 == λ is  
construction of them. 

Thus, one of the primary problems of construction of input test sequences 
[ ] siiccn iii ,...,1  ,,...,1   , ,, 121, 1

== λϑ  is construction of auxiliary test sequences 

[ ] siiccn iii ,...,1  ,,...,1   , ,, 121, 1
== λϑ  according to a condition of orthogonality (6).  

Let ( )1, iiθ  there is an amount of nonzero components of a vector m . Clearly, that 
( ) ( ) ,,,, 2101 miQii ll=θ . Let the sequence of nonzero components of a vector m  is 

following sequence:  

22,221,22,21,21,11,1 ,,2,2,1,1, ,...,,...,,...,  ,,..., ll
lll ννν ξξξξξξ mmmmmm . 
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Let's give some data:  
1. Let ),( 11 iiA  also ),( 12 iiA  there are any natural numbers and sets ( )1,1 ,...,, iiMMR θ are 

formed from elements of set [ ] [ ]),(,0),(,0 2211 iiAiiA ×  . Numbers ),( 11 iiA  and ),( 12 iiA  are 
those, that:  

a) For each pair ( ) [ ] [ ]),(,0),(,0, 121121 iiAiiAcc ×∈  true inequality  
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b) If for any pair ( ) [ ] [ ]),(,0),(,0, 121121 iiAiiAcc ×∈  true relation 
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then found such pair ( ) ( ) ( )2211, ll LLj ×∈τ at which for all 21 ,...,1,,...,1 ll == βα  it is 

carried out νβα τ Mpcjpc ∈++ ))(),(( 2211 , where ∑
−

=

+=
1

1

β

ανν
l

l , and for all 

{ }
1

,...,1 ljj∉α  and { }
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,...,1 lττβ ∉  will be executed Rpcpc ∈++ ))(),(( 2211 βα ;  

c) For each ( )11 lLj ∈  and ( )22 lL∈τ  found such [ ] ),(,0 111 iiAc ∈  and 
[ ]),(,0c 122 iiA∈  at which for all 21 ,...,1  ,,...,1 ll == βα  it is carried out 

νβα τ Mpcjpc ∈++ ))(),(( 2211 , where ∑
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2. For every one ( ){ }1,,...,1 iiθν ∈  two valued function [ ]nzl  is function with the period 
1+′νΤ  and at νσ Τ ′>  a matrix   
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satisfies to conditions of orthogonality, where ( ) ( )( )νδkk nn ′′ ,...,1  is k  - th an element of set 

( ) ( )( ) ( ) ( ){ }0...10 ,...,1 nnnnnL ≤′<<′≤′′= νν δδ  and ,,βανδ m=  and between αν ,  and β  

there is relation  ∑
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3. For all ( )21 ,, ccn [ ] [ ] [ ]),(,0),(,0,0 1211, 1
iiAiiAT ii ××∈  sequence [ ]21, ,,

1
ccniiϑ  is 

defining by follows relation: 
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Theorem 2. Let for fixed ( )1, ii  conditions 1-3 are satisfied and 
[ ] [ ] [ ]),(,0),(,0,0 1211, 1

iiAiiAT ii ××  there is area of definition of sequences [ ]cnii ,
1,ϑ . If elements 

from set ( ){ }1,,...,11 iiT θνν =+′  mutually prime numbers,  then the matrix ( )12 ,iiV  satisfies to 
conditions of orthogonality (6). 
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