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METHOD FOR THE CONTROL VERIFICATION OF DIGITAL INFORMATION,
REPRESENTED IN A RESIDUE NUMBER SYSTEM

Abstract. The subject of the research in the article is the control methods for the data presented in the residue number
system. The object of research is the process of monitoring data presented in the residue number system. The purpose of
the work is to develop a method for increasing the reliability of control of data presented in the residue number system. The
following tasks are solved in the article: research of data control methods presented in the residue number system;
development of a method for increasing the reliability of data control; consideration of examples of application of the
developed method for a specific residue number system; demonstration of examples of calculation and comparative
analysis of the reliability of data control presented in the residue number system. The following research methods are used:
the basics of system analysis and the basics of machine arithmetic in the residue number system. The following results
were obtained: A method for increasing the reliability of data control was developed; examples of application of the
developed method for a specific residue number system are presented; examples of calculation and comparative analysis of
the reliability of data control presented in the residue number system are given. Conclusions: This article presents the
theoretical foundations of the process of increasing the reliability of control of data presented in the residue number system,
based on the use of the procedure of zeroing numbers. A method for increasing the reliability of data control has been
directly developed and presented. Examples of application of the developed method for a specific residue number system
are given and examples of calculating the reliability of control of data presented in the residue number system are given. A
method has been developed to increase the reliability of data control; it is a definite contribution to the theory of noise-
resistant coding in a residue number system. Examples of calculation and comparative analysis of the reliability of data
control confirm the practical significance of the results of this article.

Keywords: control system of information; data transmission and processing system; nulevization of number; residue

number system.

Introduction

Scales and complexity of the tasks solved by
modern computer systems impose qualitatively new
requirements to their main characteristics: productivity,
reliability and efficiency of systems that causes need of
improvement existing, creations of new means of
information processing.

The trend of development of computer systems
and components is aimed at increasing the speed
(productivity) and reliability of the implementation of
integer arithmetic operations [1].

Scientific researches were conducted in recent
years, identify promising ways to improve the reliability
of data processing, control, diagnostics and correction
of data errors of computer systems, which are based on
the use of the residue number system (RNS).

Error control in the RNS is a non-positional
operation and requires the development of special
methods, designed to increase the efficiency of this
procedure. This article focuses on finding ways for
increasing the reliability of digital information control
for data transmission and processing systems (DTPS)
that function in a RNS are described.

Analysis of recent studies and publications

The results of studies of methods for increasing the
reliability and control of calculations of computer
systems and data processing tools, which have been

carried out over the past decades, have shown that it is
practically impossible to achieve this within the limits
of the positional systems of the calculus [2].

This fact led to the need to find ways to increase
reliability, for example, based on the use of new
structural solutions in the creation of computer systems,
through the use of non-positional machine arithmetic. In
particular, on the basis of the use of a non-positional
numerical system in residual classes.

The results of research in the field of the creation
of high-speed and high-control computer systems of
processing data of well-known authors (Valakh M.,
Svoboda A., Sabo N., Aksushskyi 1.Y., Yuditskyi D.I.,
Glushkov V.M., Torgashov V.A., Amberbacv V.M.,
Kolyada A.A., Shimbo A., Paulier P., Thornton M.A.,
Dreschler R., Miller D.M., and others) shown that the
use of RNS as a system for increasing the reliability of
digital information control for DTPS allows developing
methods based on which it increases the reliability of
data control several times.

Highlighting previously unsolved parts
of a common problem. The goal of the work

Currently, there are many methods for data error
control in a RNS. Results of a research of control
methods of the data in RNS which are carried out in this
scientific field have shown that the existing control
methods of data in RNS based on use of application of
the zeroing procedure reduce control time [2].

148

© Krasnobayev V., Yanko A., Tur S., 2020



ISSN 2522-9052

CyuacHi iHpopmariiiai cucremu. 2020. T. 4, Ne 2

This article will present the theoretical foundations
of the process of increasing the reliability of the control
of data presented in the system of residual classes based
on the use of the nullification process of numbers.

On this considered a method for error control in
the RNS based on the use of the zeroing procedure is
proposed. The control verification of digital information
in the RNS is a non-positional operation and requires
the development of special ways, designed to increase
the efficiency of this procedure. Therefore, the main
task is to find effective ways for increasing the
reliability of digital information control for DTPS that
function in a RNS are described.

The main goal of the work is to directly develop a
method for increasing the reliability of data control,
give examples of the application of the developed
method for a specific RNS and examples of calculating
the reliability of data control presented in the system of
residual classes.

Materials and methods

Considerable time spent on data control leads to a
decrease in the overall efficiency of application of non-
positional code structures (NCSs) in a RNS in
implementing integer arithmetic and other modular
operations [3]. On-line data verification methods that
are recently developed in DTPSs and function in RNSs
allow one to appreciably reduce verification time but, at
the same time, the problem of increasing the reliability
of this verification arises [4].

The objective of this article is the development of
a method for increasing the reliability of data
verification in DTPSs functioning in RNSs.

The well-known method of on-line data verification
in RNSs is based on the obtaining and use of the so-
called position indicator of a non-positional code
(PINC) [5, 6]. This PINC is one of characteristics of a
special code (SC) obtained from the initial NCS (being
verified) 4 =(a;,a,, ... a,,a,.;) of

> @i 1545 Ajyys-ees

data represented in an RNS by bases {m;} (i=Ln+1)

with one check residue of ¢ to the check base

n+l
(modulus) m,,, and, in this case,

n+l

n
M=1]m;; My=1]m; .

i=1 i=1

Let us consider a procedure for obtaining a PINC from

the NCS A=(ay,ay,...., 81,8, Qs> Ay, Ayyp)
being verified. In the general form, an SC:
A) (4 A) (4

K0 ={Z0 20, 20 Z§0), (1)

is a sequence of bits Z}{l) (K =0,N-1) consisting of
ones and one zero at the n, -th place (from right to left

from the Z(gA) -th bit to the Z 1(\,{)1 bit). The parameter 7,

is the PINC of the non-positional code structure
A=(a,a,,.. iy -5 Ay, a,,q) of data [7].

Proceeding from mathematical considerations, 7,

) al’—]s ais

is a natural number referring to the location of the zero

bit Zr(lj) =0 in the notation of the SC K/(\f"‘). It

determines the number j; of the numerical interval
[j;-m;, (j; +1)-m;) containing the number 4, i.e., the
value of n, with a definite accuracy W that depends on
the magnitude of the value of the RNS modulus m; and

location of  the number
,d,,4d,,1) on the

determines the

A=(ay,ay,....,a_,a;, a1, ...

numerical axis 0+M,. We first consider a procedure

that forms the SC K/(\f"‘) . For the chosen RNS base m;

(the rules for selecting an RNS base m; will be

described below), a constant of the form
KH’(r:) =(a{,..., a;_l, a;, a;H, v a;,+1) is determined

from the value of the residue a; of the number
A=(a;,ay, ... QG_1, a;, A1y ... Ay Qyiy) in the
DTPS nulevization constant block (NCB). Next, using

. . A .
the chosen nulevization constant KH ,(n k , the following

subtraction operation is executed:

A
Ami =A—Kani) =(a1, Ay ooy Ui Oy Ay ey Ay a,,ﬂ)—

' ' ' ' , _
—(al, Ayy ey i1y Aiy Qiys ...,an,a},hq)—

U]

! 1 1 1
=[a1(), aé), oy af_)l, 0, al-(+)1, cor O ’“;21}

This operation corresponds to the shift of the
number 4= (ay,..., a;_, a;, @i, 15, Ay, Ay, ) being
verified to the left end of the interval
[j;-m;, (j; +1)-m;) of its initial location. In this
case, we have 4, =j;-m;,ie, the number 4, isa

multiple of the value of the RNS modulus m; .

As is well known, the correctness of the number 4 in
the RNS is determined by its presence or absence in the
numerical information interval [0, M). If the number A4 is

out of this interval (4> M), then it is considered to be

distorted (incorrect) [8]. In this case, using the value of 7, ,

it is necessary to verify the correctness or incorrectness of
the initial number 4 by determining the fact of the presence
or absence of the initial number A in the interval [0, M). To
determine the fact of the presence of the number in the
information numerical interval [0, M), it is necessary to
execute a collection of operations of the form:

A
Ay =K gom =2 2)

Operations (2) are executed in parallel
(simultaneously in time) by means of a collection of

N constants K 4 -m; (KA =O,N—l) of the form:

Ay —0-m; =25V,

i

A
Ami_l'ml'zzl( )’ (3)

)
A, = (N;=1)-m; = Z{{"),
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where N; =4, c..mx . In this case, the SC will

be represented in the form (1), and the method of
formation of the PINC n, in the RNS can be described
as follows [9].

1. Choose some information {m;}, i= Ln, and
check my; =m,,; (m <m,, ) bases to represent the data
A=(aj,ay,..,0;,_y,0a;, a4, ..,4a,,a,.) in the RNS;
GCD (m,,m,)=1,i#j.

2. Choose of a base m; € {m;}, (j =m) from

which the number j; of the numerical interval

[j;-m;, (j; +1)-m;) is determined that contains the

iy oes Ay Ayyy) -
3. Determine a nulevization constant of the form

number 4 = (ay,a,, ..., a;_1, a;,

A ' ' ' '
KH(i) =(a,ay..., a;,_, a;, @y, ..., 4,1 | from the
ml

value of the residue a; of the number

A=(aj, ay, ..., 0;,_1,8;, Qi 1,..., 0y, Ay 1) -

4. Determine the value of
Jiomy = Ay, = A—KH =
= (al, Ayy ey Qi1 Q75 Ajy ]y eens Ay an+1)—

) )
—(al, Ay eees Qi1 Ajy Aji 1y ey Ayy Ay ) =

=[a1(1), ag), o a 0, aV) a, g

> @i Vs Ay e Ay s n+1:|'

5. Determine an SC K/(V"’*) = {Z/(VA_)1 Z}VA_)z Z(()A)}

in the form K](\/’fA) = {fozl Z](Vflzz ZéA)}.
1
N=TIo ki > Ni=IMIml, M =T[.m; .
Y

Ay =Koy =2

6. Determine the PINC of the number
A=(aj,ay,...,0,_1,8;, Q,...,0,, 4, 1) namely,
find the numerical value of n, for which

Z}é) =Z;S:1) =0, ie. 4, —n,-m;=0; at the same

time, ZI(A) =1, (Am,- —l-m;#0; [#ny).

Analytical relationships (3) provide a unique value
of from collection (2) for which Z};? = Zr(:) =0
(Ky=ny),ie 4, —ny-m;=0. The other values of
collection (2) equal ZI(A) =1 (4, —l-m;#0; [#ny).
In the general case, the number of bits in the notation of

the SC K 1(\7’*) equals the value of N. But we note that, to

determine only the fact of distortion of the number 4,
there is no need to have and analyze the entire sequence

of the collection of N values Z};? of the SC K/(\f"‘) . To

this end, it suffices to have an SC K/(\f"‘) whose length
equals only N; =]M /m;[ bits (a quantity M /m;[

denotes an integer larger than and closest to the number
M /m;, ie., the number M /m; is rounded up to the
nearest larger integer).

This fact can be explained as follows. In
performing the verification procedure to establish the

fact of correctness of the number This
A=(a,ay,..,0;,_1,4a;, a,..,4a,,4a,.), there is no
need to analyze all numerical intervals

[j;-m;, (j; +1)-m;) in which a distorted number is
located outside of the information interval [0, M). In this
case, to establish only the fact of correctness of the
number A, the determination of numbers and analysis of
locations of these intervals [j;-m;, (j; +1)-m;) are

inessential. To verify the NCS A4 in the RNS, it suffices
to know the location of zero in SC notation (1) (to know
the numerical value of 7, ) only in numerical intervals
[j;-m;, (j; +1)-m;) belonging to the information
numerical interval 0+M,, i.e., belonging to the first
interval located on the segment 0+M,, after the value
of M. In this case, to verify the data
A=(a,ay,..,0;,_1,4a;,a,,..,4a,,4a,.), it suffices
to have an SC K](\Z") whose length is only
N; =]M /m;[ bits. Thus, the method for
verification in such an RNS is as follows.

1. Determine the SC K](\f_") for the number

data

A=(ay,a,, .. ils ey Qs Apyt) -
2. Determine the PINC n, A4, —ny-m; =0,

m,

s al’—]s ais

Zr(l:l) =0; ZI(A) =1, Am,- —l-my=1;1#ny.

3. Perform the data verification procedure over
A=(ay,a,, .. @i1s -5 Ay, d,,q) in the RNS.
If n,>N;,, then the number 4 is incorrect (distorted). If

s al’—]s ais

ny < N;, then the number A is correct (undistorted).
For the NCS 4 being verified that is represented in
an RNS, its PINC #n, is determined by forming an SC

K](\ZA) ={Z/(v[:lzl Z/(v/,.lzz ...ZI(A) Z(()A)} in the form of a
sequence of N, bits. An RNS base m; is chosen in a

special way according to definite criteria [10].
Proceeding from the value of the residue a; of the

number A=(aj, ay, ..., 0;,_1,8;, 0 ,..., 0y, A1)

some  nulevization constant of the form

KHY = (4, a @, a; a.,a is
m, A\ B> Q2500 iy Qs Gisps wos s Ay

chosen. Then the operation 4, =A—KH}$:_1) is
Using N;

f constants

performed. K, -m
(K 4 =O,N—,~—l), subtraction operations 4, —K-m
are simultaneously performed and, as a result, values of
bits of Z};? is obtained, i.e., the SC K](\Z") is formed.

The value of the PINC #n, is determined from the
equality 4, —n,-m; =0.
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The verification procedure for the number 4 is
as follows. If n,>N;, then the number A4 is

considered to be incorrect. Otherwise (7, < N;), the
number 4 is correct.

Let us consider examples of implementation of the
verification method for a concrete RNS specified by the
bases m; =3, my=4, my=5, my=7 and my =
=m, ; =ms =11. This RNS provides data processing
in a DTPS with single-byte words (/ = 1). In this case,
M =]} m =420, My= M -m,,; =. = 4620. More-
over, we consider that m; =11. In this case, N; =
=N, =M /m|=|M/m,,[=]420/11] = ]38,18[ =39.

Table 1 presents the NCB data of the DTPS with
respect to the base my =m, .| = 11.

Table 1 — Nulevization Constants KH an)]
n+

Value of Constants of nulevization
the with respect to m for the value of o'
residue m =
ae=a,, | m=3 | m=4 | my=5|my=7/|" 1
of the s
number A a') a' a'y a'y a's
0000 00 00 000 000 0000
0001 01 01 001 001 0001
0010 10 10 010 010 0010
0011 00 11 011 011 0011
0100 01 00 100 100 0100
0101 10 01 000 101 0101
0110 00 10 001 110 0110
0111 01 11 010 000 0111
1000 10 00 011 001 1000
1001 00 01 100 010 1001
1010 01 10 000 011 1010

Example 1. Verify the data represented in the
form 4 =(01,00,000,010,0001) with m; =m,,, =
Using the wvalue of the residue
ag =a,,; =as =0001 of the number 4 in the NCB
(Table 1), nulevization
KH,) =(01,01,001,001,0001).  Then

=m5=11.

choose the constant

determine

A

m,

= A-KH\" = (00,11,100,001,0000).

n+l

By realizing relationship (3), create an SC of the
form K" = K = {11..110111111111} . Proceeding

from the form of the SC and using the expression

A, —ngemy =0, we obtain ny=9

( Amn+1

We have N;=39>n, and ny =9. Hence, a data error

—ng My =99-9-11=0), ie, Z\W =z

is absent.

Verification: 4=100<M and M =420 (the
number 4 is correct).

Example 2. Verify the data

A=(00, 01, 000, 010,1010). Using the value of

as=1010, choose the constant of the form

KH\" =(01,10,000,011,1010) ~from the NCB

(Table 1). We obtain 4,, =A-KH." =(10,00,000,
110,0000) . Since A4, —n,-m,, =440-44-11=0,
the SC is of the form K\ = K{3” = {11...11...11} and

ny=40. Here, N;=39<n, and n, =40. Hence,
there is an error in these data.

Verification: 4=450>M and M =420 (the
number 4 is incorrect).

Example 3. Verify the data A4=(01, 11, 010,

000, 1001). Using the value of a5=1001, choose the
constant KH;A)I =(00, 01,100, 010,1001) from the

= A-KH'Y =
+1

Determine 4
mn+l

m,

NCB (Table 1).
=(01,10, 011,101, 0000) . Ay —hg My =
=418-38-11=0, the obtained SC is of the form
Ky =KGY ={011.11..11} adn n,=38. Since

Since

ny =38<N; and N;=39, the following conclusion is

drawn: the number A4 is correct (is not distorted). However,
the verification shows that 4=427> M and M =420,
i.e., the number 4 is incorrect. In this case, an error has
been made in verifying data [10].

As is obvious from Example 3, the use of the
considered method for on-line data verification in are
RNSs not always provides reliable verification results.
In fact, there is a collection of (j,, +1)-m,  —M

incorrect values of 4 that are recognized as correct by
the DTPS verification system (VS), which stipulates a
low reliability of verification. For Example 3, the
totality of such numbers can exceed 80%. In the
numerical range [418, 429), there are two correct
numbers A4, namely, 418 and 419. At the same time, the
collection of incorrect numbers A that are determined by
the DTPS VS as correct is as follows: 420, 421, 422,
423,424, 425,426, 427 and 428.

Thus, it is obvious that the developed method of on-
line data verification in RNS and the device that
implements it have a very low reliability of verification
[11]. This low reliability of data verification is a result of
the presence of the following nonzero residue value a:

a=M/m, . —[M/m,,], 4)

In turn, the presence of a nonzero residue o # 0 is
determined by the fact of the non-multiplicity of the
value of M to the RNS check modulus m,,; that
determines the range of some numerical interval
[Fps1 -Myits (G +1-m, ;) of the possible location
of the number 4. In this case, the verification of
data A=(a;,ay, ... _1,q;, A 15, Ay, Ayyp) 1S
performed on the basis of the use of the RNS check base
m,,, by forming the following SC:

(ng) _ | (4 (4) (4)
K ,:1 _{ZNM—l ZNM_z Ly }, 5)
This geometrically low reliability of data

verification can be explained as follows [12]. The
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numerical information interval [0, M =[]/, m;) does

not hold an integer number of segments whose length
equals to the value of m; =m,, ;. In this case, the

numerical axis 0+M, includes a numerical interval
[Jps1  Mys1s (Gpey +1)-m, ) or a numerical interval
[(Nn+1 -1 My Nn
M. Therefore, this interval simultaneously includes a
collection ( (j,.y+1)-m,,1)—M or [N, . -m, )—M]

+1 M, ) that contains a number

of incorrect numbers and a collection M — j, ., -m,
(or M — (N,
course of verification of data A4, in performing the
nulevization procedure, all incorrect
((ppy +D-m, )—M and correct M —j,. i -m,,,
numbers are shifted to the left end (to one correct
number j,,,-m, ;) of the interval [j,  -m,,

(Jpe1 +¥D-m, ;). In this case, the DTPS VS will

recognize incorrect numbers [N, . -m, )—M] as

—1)-m,,;) of correct numbers. In the

correct [13]. By the reliability of data verification in a
residue class we understand the probability of obtaining
the true result of the operation of verification of data
represented in an RNS [14]. The following ratio can be
used as the quantitative index of the reliability of an
estimate for data verification in RNSs:

Pvr = Vcw / Vtw > (6)

where, in the general case, V., =M is the number
(from 0 to M +1) of correct (A<M ) code words in
the operating numerical range [O,M 0) for a given RNS;

Viw = (Ve + Vi, ) is the total amount of code words that
are considered as correct after performed data
verification; V;, =(N;-m; —M) is the number of
incorrect code words (A4 > M ) that are considered as
correct after performed data verification (note that
N =M/ m[= i +1).
With allowance for the aforesaid, verification
reliability index (6) is specified by the relationship:
Pvr=M/(M+Ni'mi_M)zM/(Ni'mi)’ ™)

When m; =m,,_,, we have V,, = (N, -m,,;—M).In

this case, expression (7) assumes the form:
_ M B M
M+Nn+1 My -M Nn+1 My

®)

vr

If we take an RNS information base, for example,
m; =m, in the capacity of the base m; determining

ranges of numerical intervals j; -m; +(j; +1)-m; then
N; =IM /m;[= N; =IM /my[ and Ny =[], m; . In this
case, expression (7) assumes the form:
B, =M/(M+Ny-m-M)=M/(N;-m)=1, (9)
In this case (see expression (4)), we always have

P, =1, ie, when m; =my is chosen, the DTPS VS

always provides a reliable result of data verification in
an RNS [15].

The results of the of the developed method

The proposed method for increasing the reliability
of verification is based on the well-known method of on-
line information verification in RNSs and includes
procedures of obtaining and using PINCs [10]. This
feature is one of characteristics of the SC formed from
the initial NCS A of data represented in an RNS by bases

{m;}, i=1, n+1, with one check base number m,,, .
The essence of the proposed method of increasing
the reliability of data verification in RNSs consists of
ensuring the maximum reliability of data verification
P, =1 by providing the fulfillment of the condition
a =0 (see expression (4)). In this case, to compute the
value of N;=]M /m,[, the modulus m; that determines

the number j; of the numerical interval
Lj;-m;, (j; +1)-m;) containing the number
A=(ay,ay,....,a_1,a;, a,,...,a,,a,,;) is chosen

only from the collection of » RNS information bases
that, naturally, are multiples of the value of M. In this
case, a=M—[M/m;]-m; =0, which provides the
maximum value of the verification reliability index
P, =1 (see relationship (7)). Let us consider an
example of using the developed method for increasing
the reliability of data verification in RNSs [16].
Example 4. In the RNS considered above, we
choose, for example, the information base m; =my =3.
We obtain N;=N; =M /m =4-5-7=140. In this
case, the operating numerical range [0, M) of the RNS
is divided into intervals [j;-m;, (j; +1)-m;). For the
value of my =3, the information numerical interval [0,
M) is divided exactly into N;=M /m; =140 segments
of length 111 each. From Table 1, we choose the NCB
content concerning the base m; =3. It is necessary to
verify the number 4 = (01, 11,010, 000, 1001) . With the

help of the value of a; = 01, we choose the nulevization

constant of the form KH,S:I) =(01,01, 001, 001, 0001)

from the NCB. Next, we determine Aml =A-KH ,S;l) =
=(00,10,001,110,1000). If 4, —n,-m =426

m
-142-3=0, then the SC is of the

142 A) (4 ey
KI(\ZA) =K1(40 ) ={Zl(39) Zl(3g)-~-Z1( ) Z(() Y= {11111

Since N;=140<n, and n, =142, the number 4
contains an error.

Verification: 4=427>M and M =420. The
number 4 > M , i.e. it is incorrect (distorted).

By way of example. Table 2 (Fig. 1) presents the
results of computation of the data verification reliability
p» for six different values (11, 13, 17, 19, 23, and 29) of
check bases m in the RNS specified by the

information bases m; =3, my =4, my=5,and my =7.
known that N,

n
expression (4)), we always have P,. <1.

form

n+l

Since it is 1 My >M  (see
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Table 2 — Results of computation of data verification

reliability values
Results of computing reliability verification
Values values in the RNS for the parameters
of check Ny, =
bases M M
m M M By
n+l1 my, my, . = My
My 41
11 420 | 38,2 39 429 0,979
13 420 | 323 33 429 0,979
17 420 | 24,7 25 425 0,988
19 420 | 22,1 23 437 0,961
23 420 | 18,2 19 437 0,961
29 420 | 14,4 15 435 0,965
Py
0,988 ’P\
// \
’ \
/,/ \\
’ \
0979 r-=--v \
1
\
\
\
\
\
\\
\
0965 ‘\ .
\
0361 | i

Fig. 1. The data verification reliability values

In addition to the efficiency of data verification
[10], an important characteristic of a DTPS is the
amount of equipment in a verification system. Note that,
in an RNS, the amount of equipment of an VS depends
mainly on the number of summators implementing
operations of the form (3). Thus, the amount of
equipment of an VS depends on the value of the

n R
quantity N, =][m; (i=1, n). In this case, with
i=2

allowance made for o =0 and the requirement of the
avoidance of the decrease in the efficiency of
verification, to minimize the amount of equipment of
the VS in an RNS, an information base of maximum
should be chosen. For an ordered RNS (m; <m; ),
such a base is m,, .

A preliminary estimate for the amount of
equipment for DTPS with machine words consisting of /

bytes can be obtained through the value of the
efficiency factor:

!
K =N/N, =(M/m)[(M Im,)=m,[my. (10)
Let us consider an example of data verification in

an RNS for the value of m; =m,, .

Example 5. The maximum information base for
the above-mentioned RNS is m, =m, =7 . In this case,
N;=Ny=M/my=3-45=60. The  operating
numerical range [0,M,) is divided into intervals
[jg-my, (jy+1)-my), ie., into My/my =4620/7=
= 660 segments. the value of my =7, the
interval [0, M) is divided into
Ny =M /my =60 numerical segments each of which

has the length equal to seven ones. From Table 1, the

NCB content with respect to the base my =7 is

determined.
Assume

For
information

that the number
A =(01,11,010, 000,1001) should be verified. Using
the a, =000, choose the
KH," =KH}" =(00,00,000,000,0000) from  the
NCB (Table 1). Then determine the value of
A, =4,=A-KH!" =(01,11,010,000,1001) .

n

value of constant

As a result of execution of operations (2), we
obtain  the sought-for SC in the form

(1) _ (61 _ [(A) (A (A () _
Kyt =K 2P 2. 20 Z§P = nana,

Proceeding from the form of the SC and using the
expression A4, —n,-m, =0, we determine n, =61
n

(4, —ny-m, =427-61-7=0). Since N, =60<n,
n

and n, = 61 the data 4 contain an error.

Verification: 4 =427>M =420.

Table 3 (Fig. 2) presents design data on the
conditional amount of equipment of a DTPS verification
system functioning in an RNS and data on the
comparative analysis of the decrease in the amount of
the VS equipment when m; =m,, .

Table 3 — Comparative data on the amount of equipment of a DTPS verification system

Word size RNS information bases m; RNS check RNS information base
of an /l-byte DTPS o — base m minimum, | maximum, KS)
(pana k) (121"1) n+l m m, ‘
I=1(p=8,n=4,k=3) m=3,my=4,my=5, my="7 ms =11 m =3 my=T |23
123 ( 2 8. k=5) m=3,my=4,my=5,my=7, mg=11, 23 3 19 |63
= =24, n=8, k= mg = my = mg = ,
P " mg =13, m; =17, mg =19 ? ! 8
m=2,my=3,m3=5,my=7, mg=11,
I=4 (p=32,n=10,k=5) my =5 m =2 myy =29 |14,5
mg =13, m7; =17, mg =19, mg =23, myp =29 >
6 7 8 9 10
m=3,m=4, my=5,my=7, ms=11, mg=13,
- =64 . n=
! S(pk_66;n 16, my =17, mg=19, mg =23, my=29, m;; =31, | my=59 m =3 me =53 (17,6
my, =37, m3=41, my =43, ms5=47, m¢ =153
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Fig. 2. The data on the amount of equipment of a DTPS
verification system

The ways for increasing the reliability of digital
information control for data transmission and processing
systems that function in a residue number system are
described [17]. The developed method increases the
reliability of data control in a RNS to 3.5 percent,
depending on the value of the control basis. Based on

the use of this method, operational data monitoring
systems can be synthesized.

Conclusions

Thus, this article describes a method developed for
increasing the reliability of verification of data
represented in an RNS. This method is based on the use
of a PINC n, that is one of SC characteristics. In this

case, a modulus m; that determines the number of the

numerical interval containing an NCS is chosen from a
collection of n possible information bases of the
corresponding RNS [18]. The use of this method
provides the obtaining of a reliable result of data
verification in the RNS. The design data and a
comparative analysis of reliability of their verification
and the amount of equipment of a verification system
have shown that the efficiency of non-positional data
coding in RNSs considerably increases with increasing
the word size of a DTPS.
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Merton KOHTPOJILHOI epeBipku HuppoBoi iHGopmauii, MpeacTaB/IeHOI B CHCTEMI 3IMIIKOBUX KJaciB
B. A. Kpacnobaes, A. C. Suxo, C.I'. Typ

Anotanisi. IIpexmeroM 1OCTI/UKEHHS B CTAaTTi € METOAM KOHTPOIIO JAHUX, IPEJCTABICHUX B CHCTEMi 3aJIMIIKOBHUX
kiaciB. O0'€KT MOCTIDKEHb - MPOIEC KOHTPOJIO JAHWX, NMPEACTaBICHHX B CHCTEMI 3aIMIIKOBUX KiaciB. Meta poborH -
po3poOka METOHy MiJBUILIEHHSA JOCTOBIPHOCTI KOHTPONIO JAHUX, NPEACTaBICHUX B CHCTEMi 3aJIMLIKOBUX KiaciB. Y crarTi
BUPIIIYIOTHCSL HACTYIHI 3aBJAHHSA: JOCII/DKEHHS METOJIIB KOHTDPOJIIO JaHUX, IPEACTaBICHUX B CHCTEMi 3aIMIIKOBHUX KIACiB;
po3poOka MeTOAy IMiIBUIIEHHS JOCTOBIPHOCTI KOHTPOIIO JaHUX; PO3IIISL] NPHKIAAiB 3aCTOCYBAHHS PO3POOIEHOr0 METORY IS
KOHKPETHOI CHCTEMH 3aJIMIIKOBUX KIACiB; AEMOHCTPALisl NPHUKIAIIB PO3PAXyHKY 1 HOPIBHAIBHOIO aHali3y HOCTOBIPHOCTI
KOHTPOJIIO JaHUX, IIPE/CTaBICHUX B CHUCTEMI 3aJIMIIKOBHX KJaciB. BUKOpHCTOBYIOTBCS Taki METOMM [IOCIHIKEHHS: OCHOBU
CHCTEMHOI'0 aHajli3y Ta OCHOBM MAIIMHHOI apu()METHUKH B CHUCTEMi 3aJMIIKOBHX KiaciB. OTpUMaHI HAacTyIHI pe3yJbTaTH:
Po3po6i1eHO METOA MiJBUILEHHS IOCTOBIPHOCTI KOHTPOJIIO JAHUX; IIPE/ICTaBIIeHI IPUKIIA/IN 3aCTOCYBAHHS PO3POOIEHOrO METOLY
JUISL KOHKPETHOI CHCTEMM 3aIMIIKOBMX KJIACiB; HABEICHI NPHUKIAANM PO3PaxyHKY 1 IOpPIBHSUIBHOTO aHalli3y JIOCTOBIpHOCTI
KOHTPOJIIO IaHUX, IPEJICTABICHUX B CHCTEMI 3aJIMIIKOBUX Ki1aciB. BucHOBKM: B naHiii cTaTTi npeacraBieHi TeOpeTHYHI OCHOBU
POLIECY MiJBUILECHHS JOCTOBIPHOCTI KOHTPOJIO JaHUX, MPEJICTABICHNX B CUCTEMI 3AINIIKOBUX KJIACiB, HA OCHOBI BUKOPHCTAHHS
mpoleypy HyJneBizanii gucen. besmocepenabo po3poOiieHnil 1 IpecTaBIeHNiT METO/ ITiABUIIEHHS JOCTOBIPHOCTI KOHTPOIIO
nanux. HaBeneHi npukiagy 3acTOCYBaHHS PO3POOJIEHOrO METOHY A KOHKPETHOI CHCTEMH 3aJIMIIKOBUX KJIaciB 1 HaBelEeHI
NPUKIAAN PO3PAXYHKY JOCTOBIPHOCTI KOHTPOIIO JIaHUX, NPEACTABICHUX B CHCTEMI 3IUIIKOBUX KiaciB. Po3pobieHo meTon
ITiIBUIIEHHS IOCTOBIPHOCTI KOHTPOJIIO JAHHX, € IEBHUM BHECKOM B TEOPIIO 3aBaJIOCTIHKOro KOJYBaHHS B CHCTEMI 3aJIMIIKOBUX
knacis. [lpukiamu po3paxyHKy 1 NOpPIBHSJIBHOIO aHali3y [OCTOBIPHOCTI KOHTPOJIO [AaHHMX IiATBEPIUKYIOTh IPaKTUYHY
3HAYMMICTh PE3yJIbTATIB JAHOI CTaTTi.

Kaw4yoBi ciooBa: oOHyTiHHS 4Mclla; cHCTeMa Iepesiadi Ta OOpOOKHM JaHMX; CHCTeMa YIpaBIiHHA iH(pOpMAIi€lo;
CHCTEMA YHCIICHHSL.

MeTox KOHTPO/ILHOI NMPOBEPKH HHPPOBOH HHPOPMAIMH, TPEACTABJICHHONH B CHCTEMe 0CTATOYHBIX KJIACCOB
B. A. Kpacnobaes, A.C. Suxko, C.T. Typ

AHHoTanus. IlpeaMerom uccieoBaHus B CTaThe SABJISIOTCS METOZbl KOHTPOJIS IaHHBIX, NIPEJCTABICHHBIX B CUCTEME
OCTaTOUYHBIX KaccoB. O0BEKT UCCIEOBaHUMN - IIPOLIECC KOHTPOJIA JaHHBIX, IIPEICTABICHHBIX B CUCTEME OCTaTOYHBIX KJIACCOB.
Iesan paGoTh! - pa3paboTKa METO/A MOBBILICHHS JOCTOBEPHOCTH KOHTPOJISI TAHHBIX, NPEJCTaBICHHBIX B CHCTEME OCTaTOYHBIX
KJIaccoB. B cTaTee pemarorcs clemyromue 3aJa4vu: UCCIEJOBAaHNE METOIOB KOHTPOIS NAaHHBIX, NPEICTABICHHBIX B CHCTEME
OCTAaTOYHBIX KJIACCOB; pa3paboTKa MeTo/a MOBBIIMIEHHS JOCTOBEPHOCTH KOHTPOJS IaHHBIX; PAacCMOTPEHHE IPUMEPOB
MIPUMEHEHUsI Pa3paboTaHHOrO METOoZa Ul KOHKPETHOH CHCTEMBI OCTaTOYHBIX KJIACCOB; IEMOHCTpaLUs IPHMEPOB pacuera U
CPaBHUTEJIBHOIO aHAIN3a JOCTOBEPHOCTH KOHTPOJIS IaHHBIX, [IPEACTABICHHBIX B CUCTEME OCTaTOUHBIX KiaccoB. Vcronb3yrores
CJIe/TyIOIINE METOABI MCCIIEIOBAHMS: OCHOBBI CHCTEMHOI'O aHaJi3a ¥ OCHOBBI MAIIMHHOM apU()METHUKH B CUCTEME OCTATOYHBIX
kiaccoB. [lomydensl cnenyromyie pe3yiabTaTbl: Pa3paboTraH MeToJ IOBBIMICHUS JIOCTOBEPHOCTH KOHTPOJS JIaHHBIX;
IIPEe/ICTaBICHbl IPUMEpBl IPUMEHEHUs pa3paboTaHHOrO METOAa JUIsi KOHKPETHON CHCTEMBI OCTAaTOYHBIX KJIACCOB; IPHBEICHBI
IIpUMEpBl pacyeTa M CPaBHUTEIBHOI'O aHAIM3a JOCTOBEPHOCTU KOHTPOJS IAHHBIX, IPEICTABICHHBIX B CHUCTEME OCTaTOYHBIX
kiaccoB. BeiBoabl: B 1aHHOIN cTaThe MpecTaBiIeHbl TEOPETUUECKUE OCHOBBI IIPOLIECCA IOBBILICHUS TOCTOBEPHOCTH KOHTPOJIS
JIaHHBIX, MPE/ACTABICHHBIX B CHUCTEME OCTATOYHBIX KJIACCOB, HA OCHOBE HCIOJIb30BaHMS HPOLEAYpPHl HYJIEBH3ALUU YHUCEI.
HemnocpencrBeHHo pa3paboTaH M IPeJCTaBICH METOJ MOBBIIIEHHS JOCTOBEPHOCTH KOHTPOINS NaHHBIX. [IpHBENEHBI MpUMeEpH
MIPUMEHEHUsI pa3paboTaHHOTO MeTOoxa Uil KOHKPETHOM CHCTEMBI OCTAaTOYHBIX KJIACCOB M NPHUBEICHBI IMPUMEpPHI pacdeTa
JIOCTOBEPHOCTH KOHTPOJISL JAaHHBIX, INPEICTaBICHHBIX B CHCTEME OCTaTOYHBIX KJAccoB. Pa3paboTaH MeTox IOBBINICHUS
JIOCTOBEPHOCTH KOHTPOJISI JAHHBIX, SBJISAETCS ONPENEIECHHBIM BKIAJOM B TEOPUIO IOMEXOYCTOMYHMBOIO KOAUPOBAHUS B CHCTEME
OCTaTOYHBIX KiaccoB. IIpuMepbl pacuera W CpPaBHUTEIBHOIO aHANIM3a JOCTOBEPHOCTH KOHTPOJS [AHHBIX IOATBEPXKIAIOT
MIPAKTUYECKYIO 3HAUUMOCTb PE3YJIbTATOB JaHHOW CTaThH.

KaueBbie caoBa: oOHyICHHE YHCIIA; CHCTEMa IIepeaadr 1 00padOTKU TaHHBIX; CUCTEMa YIPaBJIeHUs HH(OpMaIyei;
CHCTEMa CUUCIICHHUSL.
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