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1. Introduction 

The bases of the modern means for processing 
information of a communication node (CN) 
telecommunications network (TN) are computer devices of 
the processing data (CDPD). 

The problem of achieving high efficiency of the 
telecommunications system as a whole is improved, 
especially such characteristics CDPD CN TN as the 
veracity, performance and reliability of the processing 
data. 

From the literature [1-3] it is known that the use of 
non-positional number system of residue classes (RC) can 
provide high performance custom implementation of 
numerical algorithms, consisting of a set of arithmetic 
operations. However, the need to ensure a reliable and fail-
safe operation of the CDPD the development and 
implementation of new operational methods for effective 
monitoring and diagnostics data errors in RC, other than 
the methods used in conventional binary positional number 
systems (PNS) [4]. 

The aim of the research outlined in this article, is to 
increase the efficiency of the process diagnostic of data 
errors in the CDPD operating in RC. 

Thus, important and relevant researches for the 
development and improvement of method the rapid 
diagnostics of data errors in the CDPD operating in RC. 
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2. Main part 
In general, the process of correction (detection and 

reclaim) errors in the code information structure of the data 

A
~

 presented in RC consists of the following major steps: 
– control data (process discovery of the existence 

errors in the non-positional code structure 

( )niii aaaaaaA ......
~

1121 +−= RC); 

– diagnostics data (localization the place of errors with 
a given depth of diagnostics);  

– reclaim errors in the code data structure (recovery 

distorted residues ( )nja j ,1~ =  of the wrong number A
~

 

and obtain the correct numberA ). 

The number ( )niii aaaaaaA ...... 1121 +−=  in 

non-redundant RC is represented by the set { }( )niai ,1 =  

of residues ( )ii mAa mod≡  for the system information 

bases (modules) { }im  in the numerical information 

interval )[ M,0  (where ∏
=

=
n

i
imM

1

 – the total number 

of information code words). Herewith the greatest common 

divisor (GCD) ;1),( =ji mm  ( )jinji ≠=  ,1, . 

In order to the fail-code RC has the necessary 
corrective abilities required to contain certain information 
redundancy. In this case, first, it is necessary to define 
(identify) and, if possible, quantify the pre-existing 
(natural) in the source code structure information 
redundancy. Secondly, with the task of providing 
additional data correction capabilities, introduce an 
additional (artificial) information redundancy (apply the 
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method of information redundancy) by introducing 

additional (control) bases { }km  RC. 

For solving the problem of ensuring the data in the RC 
additional correction capabilities, we assume that to n  

information bases added one additional 1+= nk mm  

control base is relatively prime to any of the existing 
information bases. In this case number 

( )121 ... += nn aaaaA  in RC is represented by the set 

{ } )1,1( += njm j  bases in full (working) numeric 

)[ 0,0 M  interval, where 10 +⋅= nmMM  – the total 

number of code words for a given RC. 
It is known [1] that for non-positional coding 

structures in RC minimum code distance defined by the 

expression 1min += kd , it depends on the number k  of 

control base and the amount of each of them. If the 

condition k

r

i
z mm

i
≤∏

=1

 for control bases 
izm  is met, 

then the introduction in the system of bases RC one control 

1+= nk mm  base is equivalent to having r  control bases 

rzzz mmm ,...,,
21

. Given the fact that all the numbers 

taking part in the processing of data in the CDPD 
(transmission and processing of information), as well as 
the result of the operation is in information numerical 

interval [ )M,0 , it is obvious that if the result of the data 

obtained by the final result that MA ≥ , it means that the 

obtained number A
~

 distorted (by incorrect). Thus, if 
MA < , it is concluded that the number A  is correct, 

and if MA ≥ , the number A
~

 is wrong. Are assumed to 

be only single (only one of the residues { }ia  of A ) error 

or packet errors of length less than ( )[ ] 11log2 +−= iml  

bits within one residue by modulo im . Note that the 

principle of comparing the value A  with a value 

information numerical interval [ )M,0  is base all existing 

methods of monitoring data in RC [3-5]. The essence of 
diagnosis non-positional code structure (NCS) in RC 

( )11121 ...... ++−= nniii aaaaaaaA  consists in 

revealing of distorted residues ( )rim
iz ,1= . 

Consider the list of scientific assertions, the results of 
the evidence which can form the basis of the method of 
diagnostic errors data presented in non-positional residue 
number system [1, 4, 5]. 

Recall that in the future will provide only single error 

(in one residue ( )1,1 += niai , number 

( )121 ... += nn aaaaA , presented in RC). 

Assertion 1. Let an ordered system of bases in RC 

nimm ii ,1, < 1 =+  with n  information and one 

1+= nk mm  control bases, and let the number 

( )11121 ...... ++−= nniii aaaaaaaA  undistorted 

(right), 10 /M < +nmA , where 10 +⋅= nmMM  and 

∏
=

=
n

i
imM

1

. The value A  does not change if the 

number will be represented in RC from which it is 

withdrawn one base im , i.e. if in the representation of A  

to remove the residue ia . Thus obtained number 

( )11121 ...... ++−= nniii aaaaaaA  is called the 

projection of the number of A  by modulo im . 

Assertion 2. If in the ordered system bases of RC set 
the correct number A , then the projections 

( )1,1 += niAi  of this number equal to each other, 

10121 /M <...... ++======= nnni mAAAAAA
. 

Indeed, for the correct number A  has relation holds 

100010 /M <... </M <... </M </M < mmmmA ikn+ . 

Then, in accordance with the results of assertion 1, we 

have that iAA = . 

Assertion 3. Suppose that for an ordered system bases 
of RC all possible projections 

( )11121 ...... ++−= nniii aaaaaaA  ( )1,1 += niAi  

number ( )11121 ...... ++−= nniii aaaaaaaA  coincide. 

In this case the number ( )121 ... += nn aaaaA  is 

correct. 
Show it. Assume that the number 

( )11121 ...... ++−= nniii aaaaaaaA  is incorrect due 

to distortion residue ia  by modulo im . Replace in number 

A  distorted residue ia  on the right ia~ . In this case, 

received the correct number 

( )121 ...~...
~

+= nni aaaaaA . Then, in accordance with 

the result of assertion 3, we have 

121

~~
...

~
...

~~
+====== nni AAAAA . 
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However, ( )11121 ...... ++−= nniii aaaaaaA  and 

( )11121 ......
~

++−= nniii aaaaaaA  concurrently, i.e. 

ii AA
~= . In this case the following relation must be 

performed 

112211

~~
...

~~
++ ========= nnnn AAAAAAAAA . 

However, by the condition of assertion 2 projection 

( )jiA j ≠  of the number A  differs from projection iA  

by the value of the residue ia  by the base im . Because of 

this ji AA ≠ , this contradicts the hypothesis that number 

A  is wrong. 
Assertion 4. If in the ordered system of bases RC 

projection ( )11121 ...... ++−= nniii aaaaaaA  number 

( )11121 ...... ++−= nniii aaaaaaaA  satisfies the 

condition 10 /M +≥ ni mA , then this case is considered 

that the residue ia  of number A  by modulo im  

authentically not distorted. Note again that will provide for 
single mistake. 

Indeed, if residue ia  of number A  by modulo im  

distorted, then the projection of iA  consisting of the 

undistorted ( )1,1 += nja j  and ji ≠  residues must be a 

wright number. However, by condition   /M 10 +≥ ni mA  

– a wrong number, which contradicts the assertion 2. In 
addition, we note that if all the values 

( )nimA ni ,1  /M 10 =≥ +  then distorted residue 1+na . 

On the basis of the above scientific assertions, 
consider the method of diagnostics data presented in RC. 

Suppose given a number to be tested 

( )11121 ...... ++−= nniii aaaaaaaA  in RC with n  

information ),1( nimi =  and one control 1+= nk mm  

bases.  
It is necessary, firstly, to inspect (to determine the 

correctness) of number A , and, secondly, to make a 

diagnosis residues ( )1,1 += niai  of number A , i.e. 

identify distorted (or undistorted) residues. 
On the basis of evidence on the 3 and 4 assertions 

developed a method of diagnostic data presented in RC, 
which is shown on fig. 1. 

 

Definition the private iM  working bases RC 

1 

,...... 111321 ++− ⋅⋅⋅⋅= nniii mmmmmmmM  

,...... 111312 ++− ⋅⋅⋅⋅= nniii mmmmmmmM  

. . . 

,...... 11121 ++− ⋅⋅⋅= nniii mmmmmmM  

. . . 

,...... 111121 +−+− ⋅⋅⋅⋅= nniiin mmmmmmmM  

......./ 11121101 nniiinn mmmmmmmmMMM ⋅⋅⋅⋅=== −+−++  

  

Definition the private )(mod1/ iiijiij mmmMB =⋅=  orthogonal bases for this RC 

2 

∏
=

=
n

i
imM

1

, ∏
+

=
+⋅==

1

1
10

n

i
ni mMmM , ∏

+

≠
=

=
1

1

n

ik
k

ki mM  

1,1 −= iij mm , 1,1 += nj  – number of bases by initial RC; 

ni ,1= – number of bases RC in set of private working bases RC ( )1+= ij  

( )

( )

( ) ( ) ( ) ( )( ) ( )111131211

221322212

111312111

++−+++

−

−

⋅⋅⋅
⋅⋅⋅
⋅⋅⋅
⋅⋅⋅

nnnnnnn

nn

nn

BBBBB

BBBBB

BBBBB
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Definition the projections jA
~

 number ( )121 ......
~

+= nni aaaaaA  

3 

( ),......
~

111321 ++−= nniii aaaaaaaA  

( ),......
~

111312 ++−= nniii aaaaaaaA  

. . . 

( ),......
~

11121 ++−= nniii aaaaaaA  

. . . 

( ),......
~

111121 +−+−= nniiin aaaaaaaA  

( ).......
~

111211 nniiin aaaaaaaA −+−+ =  

  

Calculation the value of projections jA
~

 in PNS 
j

n

nj
i

iji
constj
jPNS MBaA mod

~

1,1
1 
















⋅= ∑
+=

==

 

4 

( ) ,mod...mod
~

112121111
1

11 MBaBaBaMBaA nn

n

i
iiPNS ⋅++⋅+⋅=






 ⋅= ∑
=

 

( ) ,mod...mod
~

222221212
1

22 MBaBaBaMBaA nn

n

i
iiPNS ⋅++⋅+⋅=






 ⋅= ∑
=

 

… 

( ) ,mod...mod
~

2211
1

knknkkk

n

i
ikikPNS MBaBaBaMBaA ⋅++⋅+⋅=






 ⋅= ∑
=

 

… 

( ) ,mod...mod
~

2211
1

nnnnnnn

n

i
ininPNS MBaBaBaMBaA ⋅++⋅+⋅=






 ⋅= ∑
=

 

( ) ( ) ( ) ( ) ( )( ) .mod...mod
~

111221111
1

11 +++++
=

++ ⋅++⋅+⋅=






 ⋅= ∑ nnnnnnn

n

i
niiPNSn MBaBaBaMBaA  

  

5 Comparison the values j

n

nj
i

iji
constj
jPNS MBaA mod

~

1,1
1 
















⋅= ∑
+=

==

 with module 10 / += nmMM . 

  

Definition authentically undistorted { }
jza  and perhaps of distorted { }

jza  residues of number A
~

 

6 

 

{ } 1 ,1  ++= nlja
jz

 

.
~

...

,
~

,
~

22

11

nnPNS

PNS

PNS

aMA

aMA

aMA

→≥

→≥

→≥

 

 

 

{ } lja
jz  ,1  =  

( ) .
~

,
~

...

,
~

,
~

11

22

11

++ →<

→<

→<

→<

nPNSn

nnPNS

PNS

PNS

aMA

aMA

aMA

aMA

 

 

Fig. 1. Method of operative data diagnostic in RC 
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The combination in time the process definition and 

analysis (comparison of the projections in the PNS jPNSA
~

 

with module M ) values 
j

n

i
iji

constj
jPNS MBaA mod

~

1








 ⋅= ∑
==

of 

the projections jA
~

 of the diagnosed number 

( )11121 ...... ++−= nniii aaaaaaaA  allows 

increasing the efficiency of the procedure diagnosis data 
errors in the CDPD CN of TN in n  time. 

Consider the example using the method for the 
diagnosis in RC one-byte ( 1=l ) machine word (8 bits) 
the CDPD CN of TN. RC is given one control 

111 == +nk mm  and information m1 = 3, m2 = 4, m3 = 5, 

m4 = 7 bases. 
In this case, provided the requirements of the 

uniqueness of the representation of the code words in this 

information numerically [ )M,0  range. 

For this RC we have: 4620
1

1
0 == ∏

+

=

n

i
imM  – the 

total number of code words in a given RC; 

∏
=

==
n

i
imM

1

420 – the number of information code 

words. In this case, the total (working) [ )0,0 M  and the 

information [ )M,0  numerical ranges defined respectively 

as [ )4620,0 , and [ )420,0 . 

All possible sets of private bases RC are shown in 
tab. 1. 

 
 Table 1 

Set of private working bases RC ( 1=l ) 
 

i 
j 

m1 m2 m3 m4 Mj 

1 4 5 7 11 1540 
2 3 5 7 11 1155 
3 3 4 7 11 924 
4 3 4 5 11 660 
5 3 4 5 7 420 

 
Suppose that in the course of transmission or data 

processing instead of the correct result ( )12001=RCA  

of the operation 420100 =<= MAPNS  was obtained 

number form ( )12000
~ =RCA , 4203180

~ =>= MAPNS
. 

Necessary to conduct control and diagnostics of the 

number RCA
~

 (diagnosis his residues ( )5,1=iai ). 

I. The first stage. 

1.1. Determine all values ( )5,1=iBi of orthogonal 

bases for a complete system of bases m1 = 3, m2 = 4, m3 = 
5, m4 = 7 и m5 = 11 RC (see tab. 2). 
 Table 2 

Orthogonal bases iB  RC 

( ) 1  ,15400,0,0,0,1 11 === mB  

( ) 3  ,34650,0,0,1,0 22 === mB  

( ) 4  ,36960,0,1,0,0 33 === mB  

( ) 4  ,26400,1,0,0,0 44 === mB  

( ) 6  ,25201,0,0,0,0 55 === mB  

 
1.2. Using the data in table 2, for the well-known [1] 

formula, determine the value of PNSA
~

: 

( )
( )4620mod3180

4620mod2520126402369603465015400
~

=
=⋅+⋅+⋅+⋅+⋅=PNSA  

 

1.3. Perform comparison value number PNSA
~

 and 

420=M . So, how 420
~ => MAPNS , it is concluded 

that the obtained result A
~

 distorted by any one of the 

residues ia  correct number ( )12001=RCA . 

 
II. The second stage. 
 

2.1. We define the values private ijB orthogonal bases 

for each of the 5 sets of bases RC. Thus, for 4=i  and 

5=j , we have: 

 

( )
( )
( )
( )












=

=

=

=

.1,0,0,0

,0,1,0,0

,0,0,1,0

,0,0,0,1

4

3

2

1

j

j

j

j

B

B

B

B

 

 

In general, the values ijB  the private orthogonal bases 

determined according to the following comparison 

( )i
i

iji
ij m

m

mM
B mod1≡

⋅
= , where 1,1 −≡ iij mm  – 

the weight of an orthogonal basisijB . The results of 
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calculations of values ijB  the private orthogonal bases are 

presented in tab. 3. 
 Table 3 

Private orthogonal bases ijB  for 1=l  
 

Bij i 
j  

1 2 3 4 

1 385 616 1100 980 

2 385 231 330 210 

3 616 693 792 672 

4 220 165 396 540 

5 280 105 336 120 

 

2.2. Determine the correct of residues number A
~

. At 

first, we form all possible projection jA  number 

( )12000
~ =RCA : 

 

( )
( )
( )
( )
( )















=

=

=

=

=

.2000
~

,1000
~

,1200
~

,1200
~

,1200
~

5

4

3

2

1

A

A

A

A

A

 

 
Using the data from table 3, we represent the values of 

the projections ( )5,1
~ =jA j  number ( )12000

~ =RCA  

in PNS: 
 

( )
( )

( )
( )

( )
( )

( )
( )

( )
( ) .420240420mod1202336010502800

mod
~

.420540660mod5401396016502200

mod
~

.420418924mod6721792269306160

mod
~

.4208701155mod2101330223103850

mod
~

.4201001540mod98011100261603850

mod
~

54543532521515

44443432421414

34343332321313

24243232221212

14143132121111

<=⋅+⋅+⋅+⋅
=⋅+⋅+⋅+⋅=

>=⋅+⋅+⋅+⋅
=⋅+⋅+⋅+⋅=

<=⋅+⋅+⋅+⋅
=⋅+⋅+⋅+⋅=

>=⋅+⋅+⋅+⋅
=⋅+⋅+⋅+⋅=

<=⋅+⋅+⋅+⋅
=⋅+⋅+⋅+⋅=

MBaBaBaBaA

MBaBaBaBaA

MBaBaBaBaA

MBaBaBaBaA

MBaBaBaBaA

PNS

PNS

PNS

PNS

PNS

 

 

Among all the obtained projections iA
~

 number A
~

 

projections 1

~
A , 3

~
A  and 5

~
A  less than the value 

420=M , but projections 2

~
A  and 4

~
A is greater than 

420=M . Consequently, the result of an incorrect 

diagnosis A
~

 number will be the following assertion. 

Among the five residues number ( )12000
~ =RCA  is the 

residues of а1, а3 and а5 may be wrong, and the residues of 
а2 и а4 – are not distorted. 

It is known that the efficiency of diagnosis is 
convenient to characterize such a quantitative indicator, the 
depth D  of diagnosis. In the RC depth D  diagnosis data 
we mean the level of detail location of an error in the NCS 

on the form ( )11121 ...... ++−= nniii aaaaaaaA , 

consisting of a set of residues { } 1,1, += niai .  

As noted above, it is assumed single (only one residue 
of NCS) error. 

Quantitatively, the depth diagnostics data D  in RC 
can be evaluated by the relation rD /1= , where r  – the 

number 
izm of residues { }

rzzz mmm ,...,,
21

 that can be a 

mistake. The maximum value of depth maxD  diagnosis is 

achieved when an error in NCS A  is detected with 
accuracy to one residue. In this case, the maximum depth 

maxD  diagnosis to mean the identification of one (1=r ) 

residue NCS A , which contains the error, 
i.e., 1/1max == rD . 

For the above example the number of diagnosis 

( )12000
~ =RCA  we have that 3=r , i.e. 

33,03/1 ≈=D . 

 
3. Conclusion 

In this article improved the method of diagnostic in 

RC, which basis on the use orthogonal bases ijB  of the 

private set of modules. Orthogonal bases ijB  formed from 

complete system of bases )1,1(  += nimi . Their use 

makes it possible to organize the process of parallel 
processing projections 

( )11121 ...... ++−= nniii aaaaaaA  number 

( )11121 ...... ++−= nniii aaaaaaaA  of the code 

structure in RC. This allows to raise the efficiency of 
diagnosis data in RC. 

Implementation the process of diagnostic data errors in 
RC is shown in the example. The proposed method has 
allowed increasing the efficiency of the diagnostic data 
errors in the CDPD CN of TN operating in RC. 
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