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Abstract

In the article is proposed a method of the tabular implementation of the procedure for diagnosing
data that are presented in the system of residual class (SRC). It is shown that the main disadvantage
of the existing methods for diagnosing data in SRC is the considerable time of diagnosing data. The
method of the tabular implementation of the procedure for diagnosing data in the SRC presented in
the article makes it possible to reduce the time of the diagnostic procedure. Compared with the
known methods the data diagnosis time is reduced due to the following factors. Firstly, due to the
exceptions of the procedure of converting numbers from the SRC to the positional binary numeral
system, i.e. exceptions from the chain of operations of positional comparison of numbers. Secondly,
the data diagnostics time is reduced on the decrease of the number of SRC bases which can cause
an error. Finally, thirdly, the data diagnostics time is reduced due to the use of a tabular sample of
the value of an alternative set of numbers in the SRC, practically in one machine cycle. It is given
a geometric interpretation of the proposed method of tabular implementation of the procedure for
diagnosing data, which is presented in the SRC. Also, we gave the examples of using the proposed
method for diagnosing data for a specific SRC. Thus, the proposed method makes it possible to
reduce the time for diagnosing data errors presented in the SRC, which increases the efficiency of
diagnosing non-positional code structures.

Keywords
Residue number system, non-positional code structure, tabular implementation.

1. Introduction

It is known that correcting codes in the system of residual class system (SRC) are a kind of arithmetic
codes [1,2]. From the principle of constructing the correcting code in the SRC, its complete arithmetic
is visible, the introduced control bases, in addition to the informational ones, are included in the general
system of SRC bases [3,4]. Besides, the numbers contained in the residues of the information and
control bases of the SRC are involved in any arithmetic operation [5-7]. The processing of information
and control residues of numbers in the SRC is carried out equally, without any difference. This leads to
the fact that data processing in the SRC can be carried out without monitoring each obtained
intermediate result [8-10]. The value of the duration of the data control stage is determined in each
individual case of calculations. The duration of the data control stage is determined either by the
completed processing cycle of the data array, or in accordance with the calculated error probability. The
reliability of the final result of calculations of each stage of the program confirms the correctness of all
operations of this stage [6,11].
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We note that the introduction of only one control base in the non-positional code structure
(NCS) in the SRC

Asrc = (@ (1@ [l 118 [ & [l &sq [I- 1l @ [ @n11)

allows to detect not only any single error (an error in one of the residues of a number in the SRC), as
well as in a positional numeral system (PNS) (an error in one of the binary digits of a number), but also
most of the double ones [12-14].

A distinctive feature of the SRC, in contrast to the PNS, is a significant manifestation of
primary information redundancy (primary information redundancy manifests itself only due to
the presence of SRC information bases) with the introduction of a secondary one (secondary
information redundancy is manifested only due to the presence of SRC control bases) [15-17].

The specificity of the representation of numbers in the SRC allows in some cases not only to detect
the fact of distortion of the NCS, but also to find the place of its occurrence (one specific residue of the
NCS) using only one control base of the SRC. The presence of one control base provides the NCS in
the SRC with the minimum code distance d,;, =2. This effect cannot be realized by the existing
control methods in the PNS, for example, with control by modulus. It is possible to diagnose errors in
the SRC with d,;, =2 by the projection method, or by a method based on the use of the concept of an

alternative set (AS) of numbers W(A):{m|l,m|2,...,m|p} [6,13,18].

It is known that the projection method in the SRC requires the calculation of all projections ,5, of

the distorted number A, which leads to the execution of a large number of operations for each
correction of the result. The hardware and especially the software implementation of the projection
method is time consuming [19-22]. In addition, this method fundamentally doesn't allow to
unambiguously diagnose the place of occurrence of any single (the method doesn't allow to
unambiguously diagnose the distorted residue in the NCS) errors [3,23-25].

Thus, studies devoted to the development and improvement of fast (operational) methods for
diagnosing data errors based on the use of the concept of AS numbers in SRC are important and
relevant.

The purpose of the article is to develop a method for fast diagnostics of data in the SRC, using the

concept of an alternative set of numbers W(A):{m|1,m|2,...,m|p} in the SRC, with the using the

minimum d,;, = 2information-code redundancy in NCS

Asre = (ag 1@z [I--- 181 [ 8 [l &yq [I- [ @ [ ansa) -

2. Diagnostics of Non-Positional Code Structures in the System of Residual
Classes

In the general case, the diagnosis of NCS in SRC is the process of detecting the location of the
distorted residuals of the number. Alternative set of numbers W(A) = {m,1 LIPS m,p} consists of a set

of SRC bases for which the residuals may be distorted.

The initial AS contains an excess amount of bases. The existence of an excessive number of bases
in the AS leads to the need to involve and use additional time and hardware resources to implement the
necessary stages of determining the intermediate AS. This circumstance, first of all, determines the
significant time for diagnosing data in the SRC. Thus, in order to improve the efficiency of diagnosing
the data presented in the SRC, it is necessary to get rid of some of the excess bases contained in the AS.
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The essence of the proposed method for increasing the promptness of diagnosing data in the SRC is
that the AS is determined not in the entire interval [jM, (j+1)M) containing the wrong number Asrc ,
but only in a smaller numerical interval

(H))<M (M :imi ):

i=1

AAH) —(A— A

where ASRC(H) =(0]|0]]...1101| ,,41) is the nullified number in the SRC.
The essence of the nullification methods in SRC is to move from an initial number

Asrc = (@ (1@ [I-- 118 [ & [l &sq [I- [ @ | an11)

to a number
A = O O]... 1101l 7141)

using a sequence of conversions in which there isn't any coming out of intermediate number outside
the working range 0+M —1.

The essence of the nullification methods is to sequentially subtract from the initial number some
minimal numbers CN® (i - the number of stages (iterations) of nullification) called constants of

nullification (CN) such that the number Asrc is converted to a number AH) =(O01|10/]...1101l ¥ps1) »

without the number value Asrc coming out of the numeric range [0,M).
Geometrically, the nullification operation corresponds to displacement of the original number

Asre = (B ll @z || -1l 8-y 1l & 18,1 [I-- [ @q [1an.1)

to the left edge j-M of the numerical interval [jM, (j+1)M) of its finding.
Thus, to eliminate the redundancy of AS W (A) , by reducing the length of the interval of finding the
number Asrc, it is proposed to determine the values AM) =(0]/0]l..]10ll7,,,) and

AAH) :(A—A(H)). According to the distribution of errors over the working range intervals [0,M),
preliminarily for each interval [jM,(j+1)M) is formed the two-input correspondence tables

W(A) =®(y,,,, AAH)) . In this case, AS W (A) is not determined in the entire interval [jM, (j+1)M)

containing the wrong number A, but only in the numerical interval AA)
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The developed method of operational diagnosis of the data presented in the SRC is shown in Fig. 1.

Making a two-entry (two-coordinate) table W(A) = d(y,,;, AAH))
from the contents of the AS values

Determining the value .1, which is the first coordinate of the table W (A) =®(y,,,;, AAM).
Conversion of an initial number
Asre =@ llag Il lla g lla5 [l |l---llaq ll an.1)
by performing nullification into a number A =(01/0]]...1[0]1 7,,1) -
|
Defining the value AAH) , Which is the second coordinate of the correspondence table
AT = (01]011...1101l 74a)

H
Determining the subtraction AAH) — A A( ) :

Appealing to the two-entry correspondence table W (A) = d(3,,.,, AAM) according to the coordinate

values Jp,1and AA(H).
mlp} of the wrong number

Defining the AS values w (A) = {m,l,ml2

Asrc = (@ llag Il I3y Il 3 |y -1l an 1 2n,)
in the SRC
Figure 1: The method of operative diagnostics of the data presented in the SRC

Let’s consider examples of the implementation of the proposed method of NCS diagnostics for SRC,
given by bases
My =2,My =3, Mg =My, =5;
M=2.3=6;
My =2-3-5=30.

For a given SRC, Table 1 shows the code words in PNS and in SRC.

Table 1
A set of code words
Number A in PNS my m, ms Number A in PNS my m, ms
0 0 0 0 15 1 0 0
1 1 1 1 16 0 1 1
2 0 2 2 17 1 2 2
3 1 0 3 18 0 0 3
4 0 1 4 19 1 1 4
5 1 2 0 20 0 2 0
6 0 0 1 21 1 0 1
7 1 1 2 22 0 1 2
8 0 2 3 23 1 2 3
9 1 0 4 24 0 0 4
10 0 1 0 25 1 1 0
11 1 2 1 26 0 2 1
12 0 0 2 27 1 0 2
13 1 1 3 28 0 1 3
14 0 2 4 29 1 2 4
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Table 2 and Table 3 presents the values of nullification constants, the use of which allows the original
number Asrc transform to a number A =(01|0|| 7n41) » 1.€. convert the operation of nullification
of the number Asrc .

Table 2
Constants of nullification on the first base of the number
al CN
(0110110)
1 @12112)
Table 3
Constants of nullification on the second base of the number
a, CN
0 (0110110)
1 (O1l11114)
0112]12)

Table 4 presents the values of AS numbers for this SRC.

Table 4
Table of values AS W (A) = D(y,,,1, AAM))

Residual value y,4

(H)
AA 1 2 3 4

0 mg m,, My my, My m,, My
1 ms m,, M my, My m,, My
2 ms m,, My my, My, My m,

3 m; my, My, Mg my, M3 ms
4 m,, my my, My m,, My m,
5 m,, My my, My m,, My my

3. Examples
3.1. Example1l

The number Asrc = (1] 2]]3) in the SRC is given. For the purpose of diagnostics (determining the
location of the remnants of the number in the SRC, according to which distortions are possible) of the

number Asrc = (1] 2]13) , we define the AS like W (A) = {m,l,m|2 m,p} . For this, in accordance with

S H
the nullification procedure [1] the value A( )

the constants of nullification CN® (i=1,2) (for i =1, the data in Table 2 are used, and for i =2, the
data in Table 3 are used).
Initially, by means of the first constant of nullification CN O = @]12]12) (Table 2), the first (i=1)

stage (first iteration) of nullification procedure is carried over the initial number Asrc =(1]/2]]3) in
the form

of the nullified number Asrc = (1|| 2| 3) defined by using

Asrc - CN® = (1]121I3)- @lI11)12) = O1I12112).
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To determine the final result A(H)of nullification over the initial number Asrc =(1]| 21| 3), the
second (i=2) stage (second iteration) of the nullification procedure is carried out by means of the

second nullification constant CN® = (0]|2]|4) (Table 3) for the obtained value (0]|1||2) of the first
result of the nullification procedure. Thus, we get that

A" = 011112) - SN@ = (0)11112) - (0112114) = (01/01I3).

To get the value W (A) =®(,,;, AAM)) from table 4 the first coordinate 73 =3 (., =3) is

determined from the expression A(H) = (0]10]]3) . The second coordinate A(H)

expression

is determined from the

(H)

AAT) = (A ATy = (1]12113) - (0110]13) = (1] 2]]0) .

(H) (H

In the PNS the value of the second coordinate A )= 5 (Table 1).

=5and y,,; =3 in Table 4 we define

is equal to five, i.e. A
According to the obtained values (by two coordinates) A(H)
the AS W (A) ={m,, m,}.

Considering that, for a given SRC, the maximum value of AS is equal toW (A) ={m;, m,, m3}, the
following inequality is obvious W(A) ={m,, mg}.

Thus, the number of bases in the AS W(A) ={m,, mg} is reduced by 30% in comparison with the
maximum possible W (A) ={m;, m,, ms}.

This circumstance makes possible to reduce the number of checks of the SRC bases for determining
the location of distorted residues in the number Asrc =(1]/2]|3), which reduces the time for
diagnosing SRC, increasing the efficiency of diagnosing data in SRC.

3.2. Example 2

Let it is necessary to define an alternative set W(A):{mll,m,z,...,m|p} for a number

Asrc =(0]]1]|0) in the SRC. An alternative set W(A) of number Asrc =(0]|1]]0)is defined as

follows. For this number Asrc =(0]|1]|0), there is no need to calculate the first stage of the
nullification procedure. The second (i=2) stage (second iteration) of the nullification procedure is

carried out directly by means of the second nullification constant CN @ - (0]11]]4) (Table 3). Thus,
we get that

A" = 0)11110) - cN® = (0)11110) - (0]1]14) = (0]|0]11).

The first coordinate of table 4 is equal to one or y,,; =1. The second coordinate is determined from
the expression

A —a- A= on12110) - ©NI01D = ©N11114).

In the PNS, the value of the second coordinate AA) is equal to four, i.e. AA) =4 (Table 1).
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Based on the obtained values AAM) =4 and 5,,=1 (Table 4), we determine the AC
W (A) ={my, mg}.

Considering that for a given SRC the maximum value of AC is equal to W (A) ={m;, m,, m3}, so
the following inequality is obvious W (A) >W(A) .

Thus, the number of bases in the AS W (A) ={m,, m3} is reduced by ~ 25%, in comparison with

the maximum possibleW (A) ={m;, m,, ms}.

This circumstance makes it possible to reduce the number of checks of the bases of the SRC for
determining the distorted remainder in the number Asrc = (1| 2]|3), which reduces the time for
diagnosing the NCS, increasing the efficiency of diagnosing data in the SRC.

3.3. Example3

Let the number Asrc = (010 2) in the SRC be given. For this example, it is not necessary to carry

out the nullification procedure. The first coordinate is y3=2. The second coordinate AAM)is
determined from the expression

(H)

AAH) —(A—A")=(0110]12) - (0]10]12) = (0]0]]0).

In the PNS, the value of the second coordinate AAM) is zero, i.e. AA) =0 (Table 1).
Based on the obtained values (two coordinates) AA") =0 and y,,, =2 in Table 4, we define the

AS W(A):{mz, mg}. Considering that, for a given SRC, the maximum value of AS is equal to
W (A) ={m;, m,, ms}, the following inequality is obvious W (A) >W (A) . Thus, the number of bases in
the AS W(A)z{mz,m3} is reduced by =~30% in comparison with the maximum possible

W (A) ={m;, m,, m3}. This circumstance makes it possible to reduce the number of checks of the SRC

bases for determining the location in the number of distorted residues, which reduces the time for
diagnosing NCS, increasing the efficiency of data diagnostics in SRC.

3.4. Example4

Let the number Asrc = (1]|1]|2) in the SRC be given. For the purpose of diagnostics (determining
the location of the residues of the number in the SRC, according to which distortions are possible) of

the number, we define the AS W(A) ={m|1,m,2,..., m,p} . For this, in accordance with the nullification
procedure [1], by using the constants of nullification CN® (i =1,2) (for i =1, the data in Table 2 are

used, and for i=2, data from Table 3 are used), we define the value A(H)of a nullified number
Asrc = (1]|1]|2) as follows.

Initially, by means of the first constant of nullification CN O = @]12]12) (Table 2), the first (i=1)
stage (first iteration) of the initial number nullification procedure is carried out in the form

Asrc - CN® = @|11]12) - @/ILl12) = (010]2).
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For the obtained result, there is no need to carry out the second stage of nullification. To get the

value V_V(A):cb(ynﬂ, AA(H)) from table 4, the first coordinate y5=1 is determined from the

(H)

expression A" = (0]]0]]1). The second coordinate AA™) is determined from the expression

A —a— A2 a2 - o101 = @,

In the PNS, the value of the second coordinate AA) is equal to one, i.e. AA) =1 (Table 1).
Based on the obtained values (two coordinates) AA(H) =1 and ,,, =1 in Table 4, we define the

AS W(A)z{m3}. Considering that, for a given SRC, the maximum value of AS is equal to
W (A) ={my, m,, ms}, the following inequality is obvious W (A) >W(A) . Thus, the number of bases in
the AS W(A):{m3} is reduced by =~60% in comparison with the maximum possible

W (A) ={my, m,, mg}. This circumstance makes it possible to reduce the number of checks of the SRC

bases for determining the location in the number of distorted residues, which reduces the time for
diagnosing NCS, increasing the efficiency of data diagnostics in SRC.

4. Conclusion

Thus, the considered method of the tabular implementation of diagnostics of non-positional code
structures in the system of residual classes allows reducing the time for diagnosing data errors presented
in the SRC, which increases the efficiency of the diagnostic procedure. Reducing the number of bases

in the AS increases the information content of W (A) about the place of the erroneous residue in the

NCS. So, the number of steps for preliminary determination of AS is reduced. The use of the proposed
method of on-line diagnostics of data increases the overall efficiency and expediency of using non-
positional code structures in SRC in computing systems. The data diagnostics time is reduced in
comparison with the known methods, firstly, due to the exclusion from the known methods the
procedure of transferring numbers from the SRC to the positional number system, i.e. elimination the
positional comparison of numbers. Secondly, the data diagnostics time is decreased by reducing the
number of SRC bases for which an error is possible.

Finally, the data diagnostics time is reduced due to the use of a tabular sample of the value from an
alternative set of numbers in the SRC practically in one cycle. Thus, the proposed method makes it
possible to reduce the time for diagnosing errors in the data presented in the SRC, which increases the
diagnostic efficiency. Examples of data diagnostics are given in the article, which confirm the technical
feasibility of the considered method. A device has been developed based on the proposed method
implementation and a Ukrainian patent for an invention has been obtained.
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