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Abstract. The subject of the article is the development of a method for diagnosing data that are presented in the system
of residual classes (SRC). The purpose of the article is to develop a method for fast diagnostics of data in the SRC when
entering the minimum information redundancy. Tasks: to analyze and identify possible shortcomings of existing methods
for diagnosing data in the SRC, to explore possible ways to eliminate the identified shortcomings, to develop a method for
prompt diagnosis of data in SRC. Research methods: methods of analysis and synthesis of computer systems, number
theory, coding theory in SRC. The following results were obtained. It is shown that the main disadvantage of the existing
methods is the significant time of data diagnostics when it is necessary to introduce significant information redundancy into
the non-positional code structure (NCS). The method considered in the article makes it possible to increase the efficiency
of the diagnostic procedure when introducing minimal information redundancy into the NCS. The data diagnostics time, in
comparison with the known methods, is reduced primarily due to the elimination of the procedure for converting numbers
from the NCS to the positional code, as well as the elimination of the positional operation of comparing numbers.
Secondly, the data diagnostics time is reduced by reducing the number of SRC bases in which errors can occur. Third, the
data diagnostics time is reduced due to the presentation of the set of values of the alternative set of numbers in a tabular
form and the possibility of sampling them in one machine cycle. The amount of additionally introduced information
redundancy is reduced due to the effective use of the internal information redundancy that exists in the SRC. An example
of using the proposed method for diagnosing data in SRC is given. Conclusions. Thus, the proposed method makes it
possible to reduce the time for diagnosing data errors that are presented in the SRC, which increases the efficiency of
diagnostics with the introduction of minimal information redundancy.
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Introduction

A foundation of some modern specialized
informational and telecommunication systems is based
on computer systems (CS) of handling of integer data,
represented in non-positional notation in residue classes
(SRC). In this case, one of the main ways of achieving
high effectiveness of functioning of telecommunication
systems while handling integer data in real-time is an
improvement, firstly, such features of CS in SRC as
reliability and performance of data handling.

It is known, that usage of such features of SRC as
independence, rights equality, and low-discharge of
residues {g;} defining non-positional code structure

(NCS) of data Agpc =(arllay ||...[1a; [ a; | ajiq ] -
..|la,|l...lla,.x) provides high user performance of

implementing in CS calculation algorithms, which
consist of a set of integer arithmetical operations. The
largest effectiveness of SRC usage can be achieved in
case if implemented algorithms consist of a set of such
arithmetical operations as addition, multiplication, and
subtraction [1, 2]. On the other hand, a necessity of
providing fault-tolerant functioning of CS in SRC
requires the development and deployment of methods of
quick control, diagnostic, and data error correction,
which are different from methods, used in regular
binary positional notations (PN) [3-5]. Thus, researches,
devoted to the development and improvement of quick

(operative) methods of diagnostic of errors of data in
CS, functioning in SRC, are important and relevant.

The aim of the article is the development of the
method of quick diagnostic of data in SRC while
entering minimal informational redundancy.

Main part

In the general case, the diagnosis of data in SRC is
being understood as a process of defining distorted
residues in NCS as Agpc =(ay||ap || ..-|la; | a; ||

la;qll--1la,ll...1| @, ), where n and k are quantity

of informational and control bases m; (i=Lnr+k) in
ordered (m; <m;.;) SRC,
diagnostic of NCS is being performed after the data
control for further probable error correction. In the
article, the method of data diagnostic in the case of
entering minimal (k£ =1) informational redundancy is
considered. The minimal code distance equals two. The
method is based on the concept of an alternative number
set and on the usage of features of NCS in SRC [5]. Due
to those the procedure of increasing informativeness of
AS in SRC is developed.

1. The method of diagnostic of non-positional
code structures in the system of residue classes
Consider the method of NCS diagnostic, based on
obtaining additional information about probably

A. This

correspondingly. The

distorted residues of incorrect number
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information is contained in all possible AS of

number A. Let SRC is specified by ordered
(m; <m;) bases my,...,m, ;. And let an incorrect

number A is defined in the process of calculations.
For increasing informativeness about placement and
error measure, it is suggested to additionally define
AS of number as

Wkpj (‘ZI) = {Mk] My s oo ,mkpi } ,

i.e. set AS:
Wlp] (;1) ={mllam12, ’mlp] };
szz (;1) = {m21am22, ,mzpz } ;

Moty |- (D)

Tentatively calculate the value of the interval

Wasi, (A)z{mnll’mnIZ’ s
n+1

(j+1) of the number A occurrence in order to
define the set of values (1)

Jx =y vy (modmy) ., ()
for k=1n+1. Also, due to value k=n+1 the
Wi, (;1) equals Wi, (;1) = W(Zl) )

According to (2) the formation of k£ tables is

performed, where values 7y, are matched against
Aa;. After defining AS Wkp. (;1), which called

1

primary ASs, the secondary ASs is defined as
vectors, components of which are possible values of
errors Aaq; as:

Wl(l) (;1) = {Aal(l),Aag]),...,Aafl?l } s

n+l

WI(W]) (;1) - {Aal(W]),AagW]),...,Aa(W])};

Wz(z) (;1) = {Aal(z),Aagz),...,Aa(z) } s

n+l

n+l

WZ(W) (;1) = {Aal(W),Aang),...,Aa(W)} ;
and so on to value of vectors in the form of:

W,SW”) (;1) = {Aal(w”),Aagw”),...,Aa(w”)} ,

n+l

and completely to value of vector as: W,.;(d) =
= {Aa1, Aaz, ey Aa,,ﬂ}.
Components of the vector W, (A) are compared

to according components of all vectors Wl-(%) (;1) for

i=1n. The matching the measure components of

vectors are chosen and the bases of SRC are defined,
and their set defines resulted AS in the form of

W’(;l) = {mzl N ,mzp} .

Indeed, among AS Wkp (;1) there is always a

basis m;, which gives an error Ag;, and that basis

can be only among bases, which are common for the
set (1)

w(A)=w'(4). (3)

When an Ag; has such value, that number A

starts to belong to the interval, then an equation is
fulfilled

w(A)=w'(4). (4)

n
where M =Hml- and My =M -m, .
i=l
Thus, the idea of suggested method lays in the
following: all possible ASs are defined on each of
the intervals of number A4 occurrence. After this,

the common for these intervals bases m m

Z10 Zp’

which possibly give errors, are defined. That set of
bases define sought AS. The reduction of the
number of bases in AS increases informativeness of

AS W(;I) about place and measure of error. It

decreases the time of reducing AS to incorrect basis
(the number of steps of tentatively AS defining is
decreasing) and increases operability of diagnostic
of data in SRC. The structure scheme of the process
of AS reduction is presented on fig.1.

2. Geometrical model of the procedure of the
increasing as informativeness. The geometrical model
of the suggested method should be considered. The
defining of number (j+1) of the interval of distorted

number A occurrence, which is influenced by error Ag;,

is equivalent to the shift of this number in the interval

{j%,(ﬂl)ﬂ

m; m

Decompose numerical sequence to corresponding
M, M, M,

intervals with length: , s e
m.om

.M,
j—.

j to the left to value
m

My

Define the numbers of intervals (j+1), in

which there is an operand A on each of numerical

segments as
M, M,
T, =| j 20 (e 2L
7 |:]l m, (]] ) my J

(&)

M, M,
T; =| Jn+ ,(] +1 +1) J
Jn |: " | " |

Defining the primary ASs (1) corresponds to
defining the intervals numbers (5).
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Initial number A

Defining of primary AS (j;)

Defining of primary AS (j,,)

!

f

¢

Defining of primary AS (j,+1)

!

n+l

!

Choice of the common bases of SRC

{

Defining of W' (;1)

Fig. 1. Scheme of choice of bases in the alternative set of numbers in SRC

Defining  the  secondary AS

geometrically correspond to defining the interval

[z1,25], where

Defining of secondary AS Defining of secondary AS Defining of secondary AS
A A W,
Comparing
W and W,
Comparing
VV”(¢") and W

W'(;I) Consider an example of defining AS of number

A according to developed method. There is SRC

with bases my =2, my =3, my=5.

The code words of this SRC are presented in

M, . M, the table 1.
Z) =max € j; —; zzzmme(jl-+1)—,
m; m; Table 1. The set of code words
Le. sought interval is being defined as intersecting AinPN |m | my | my| 4 ineN | my | my | my
of intervals sets (5)
=T AT , 0 olo]o 15 1{o]o
TW(A) Ty ATy A o AT
1 1 1 1 16 0 1 1
It is obvious, that N 0 ) N 17 ) N )
Zy—z = M, (6) 3 1103 18 0|0 |3
M
mtl 4 01 |4 19 1|1 |4
Condition (6) is equivalent ~t0 COHdlthI’l. 3). If 5 ) ) 0 20 0| 2 0
error  moves operand A to interval
6 0 0 1 21 1 0 1
|:(mn+] —1),M,M] :| , then
7 1 1 2 22 0 1 2
R Y ) 8 o223 23 123
M1 9 1o |4 24 0olo |4
Condition (7) is equivalent to condition (4). 10 0 1 0 25 1 1 0
The suggested geometrical model confirms the
correctness of the method’s mathematical 11 1 2 1 26 0| 2 !
fiescription, and also more clea.rly demonstrates the 12 ol o 2 27 1 o | 2
idea of the procedure of informativeness AS
increasing or the reduction of the numerical interval 13 ! ! 3 28 o] 1 3
of distorted number 4 occurrence. 14 0] 2|4 29 Lp214
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Thus,
M=23=6, M{=M-5=30,
m, =my=5, 4=(0,2,2), A4=(0,2,0).
Assume, that after the influence of a single error
A4 =(0,0,...,Aq;,...,0)
by i-th basis ( Aa, =2) there is a number
A=A+A4=(0,2,2).

In order to define the set of primary ASs it is
needed to tentatively define values jj . For this the

nuvelization of a number A4 accordingly to the
tables of nuvelization constants (table 2-4) is
performed.

After this there are y; =1, v, =1, y3=2.

The set of primary ASs is defined as
Wig, () ={ma,ms,
Wapy (A) = {my,my} A4 =(0,0,...,Ag;,...,0),

W3p3 (;1) = W(;l)_{ml,mz,m3} .

Table 2 — Nuvelization constants (m; — m,)

n;y m;
(1, L1 (0,1,4)
0,2,2)

Table 3 — Nuvelization constants (m; — ms)

my ms

(1,11 (0,0, 1)
(0,2,2)
(0,0,3)
(0,1, 4)

Table 4 — Nuvelization constants (m, — ms)

my ms
0,1,0) (1,0,3)
(1,2,0) (0,2,2)
(1,1, 1)

The set of secondary ASs is defined by the
tables 5-7, which are formed by values j, :

for 13 -2, Wa(4) - {112

} 1 i (4)={1,0,2};
or v =1,
’ W}z)(~)={0,0,3};
) (4)={0.2.3};
for v, =1, i
Wl(z)( )={0,0.4)

Table 5 — Secondary Ass (y3)

vs | Possible values of errors w i

0 none -

1 Aay=1, Aaz=1 w4d) = 10,1, 1}

) Aa;=1, Aa,=1, Wg(l)(AN)={1,l,2}
Aa;=2

3 Aa;=1, Aa,=2, WS(])(AN): (1,23}
Aaz;=3

4 Aay =2, Aa;=4 w4 = {0, 2, 4}

Table 6 — Secondary Ass (y2)

Possible values of

e errors Wi

0 Aaz=1 W, d) = {0, 0, 1}

| Aai=1, Aaz=1, w,(4) = {1, 0,2},
Aay=1, w,2(d) = {0, 0, 3}

2 Aas=4 w,(4) = {0, 0, 4}

Table 7 — Secondary Ass (y1)

7 Errors WD

o Aay=1, Aas=2, wOAd) = {0, 1, 1},
Aaz=1 w2(d) = {0, 0,2}

| Aay=2, Aay=3, wO(Ad) = 10,2, 3},
Aa3 = 3 VVI(Z)(A"T) = {Oa 07 4}

Implementation of choice of common SRC
bases is suitable in the form of tables (tables 8),
where sign “+” means match of the components of
secondary ASs, and sign “-“ means mismatch. Those
tables show, that vectors components match in the
bases my, mjs, i.e. the sought AS is as

W3(21)= {my,my} (table 8, a).

Therefore, W(;I)>W'(;1). Thus, the increase

of the informativeness about error placement in the

distorted number A is guaranteed by the described
method.

Table 8 — Choice of common SRC

a b
m mp ms3 m my ms
1 1 2 1 1 2
1 0 0 0 3
+ - + - - -
c d
m mp ms3 m my ms
1 1 2 1 1
0 2 3 0 0 4
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In the geometrical interpretation example for
given SRC is represented in the following way

Define numbers of intervals, in which an

operand 4 =(1,2,2) placed:

(Fig. 2).
The segment [0,30) is decomposed to T, =[15’30)’ T, =[10, 20)’
according numerical intervals [15,30), [10,15) and ' '
[12,18). T, =[12,18).
I/ $ \
0 6 5 T, 30
| NG -
0 6 10 T 20 30
A
L 1 r \I ] !
I U T J 1 1
0 6 12 T 18 24 30
T, (4)
L Il | Il ! | ! Il
I 1 T 1 T 1 1 1
0 6 10 12 18 20 24 30

Fig. 2. Scheme of the defining a sought interval

A sought interval is defined by expression
T, (1)~ [15,18). It is obvious, that interval T, (4)

is being reduced, compared to T-3 , by three units

(by 50%), and that leads to a decrease of the
quantity of options of possible errors. Geometrical
interpretation confirms the effectiveness of the
considered method of data in SRC diagnostic.

Conclusion

Thus, the suggested method allows decreasing the
time of diagnostic of errors of data, represented in SRC,
which increases diagnostic operability. A reduction of
the quantity of bases in AS increases informativeness
AS about error placement and measure. It decreases the
time of AS reduction to incorrect bases (the number of
steps of tentatively AS defining is decreasing). The
usage of the suggested method of operative diagnostic
of data increases the total effectiveness and feasibility of

The time of data diagnostic, compared to known
methods, is decreasing firstly due to excluding the
procedure of transforming numbers in SRC to positional
notation as in known methods, i. e. eliminating a
positional operation of numbers comparing. Secondly,
the time of data diagnostic is decreased by reducing the
quantity of SRC bases, which are giving the possibility
of mistake. Thirdly, the time of data diagnostic is
decreased due to the usage of tabular sample value of an
alternative set (AS) of numbers in SRC in one beat.

Therefore, the suggested method allows reducing
the time of diagnosis of data errors in NCS, represented
in SRC, which is increasing the diagnostic operability
while entering minimal informational redundancy.
Geometrical model of the procedure of AS
informativeness increasing and specific example of
usage of the suggested method of diagnostic of data in
SRC confirms its practical feasibility.

The most effective way of the method usage is in
the computational chain, which does not allow perform

using non-positional code structures in SRC in all planned procedures to AS reduction to the incorrect
computing systems. basis, i.e. in a quite long chain of calculations of CS.
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Merox AiarHOCTHKH JaHUX Y CHCTEeMi 3a/ITMIIKOBHX KJIACiB
B. A. Kpacnobaes, C. O. Komman, /I. M. KoBanbsuyk

Anortanis. IIpeamerom crarri € po3poOka METOLYy MIarHOCTUKHM JAaHUX, SIKi NPEICTaBIeHI B CHCTEMI 3aJIMIIKOBHX
kiaciB (C3K). Meroro crarti € po3poOka Meromy IuBHukoi miarHoctuku nanux y C3K mpm BBejeHHI MiHIMabHOL
iHpopManiitHoi HagMipHOCTI. 3agadi: TPOBECTH aHAIIi3 1 BUSIBUTH MOXJIMBI HEJOJIKH ICHYIOUMX METOJIB JiarHOCTHUKH JaHHUX Y
C3K, nocmizuti MOXIIMBI HUIAXH YCYHEHHS BUABJICHUX HEJONIKIB, PO3POOMTH METOJ OnepaTHUBHOI aiarHocTuku naHux y C3K.
MeToau 10CIIDKCHHS: METOIU aHAJli3y 1 CUHTE3y KOMITIOTEPHUX CHUCTEM, Teopis uucel, Teopis koxyBaHHsa y C3K. Orpumani
HacTynHi pesyabtaTu. [loka3aHo, o0 OCHOBHUM HEIOJIKOM ICHYIOUMX METOIIB € 3HAYHWH 4Yac MIarHOCTUKH JAHHX IpH
HEeoOXiIHOCTI BBe/ICHHs 3Ha4YHOI iHpopMaliiiHol HaaMipHOCTI y Heno3uLilHy konoBy crpykrypy (HKC). PosrisHyruii y crarri
METOZ JI03BOJISE MiJBUILUTH ONEPAaTHBHICTh npouenypu aiarHoctuku npu BeeneHHi y HKC wminimanbHOI iHdopMauiiiHol
HagMipHocTi. Yac HiarHOCTMKM JaHMX, B IOPIBHAHHI 3 BiZIOMMMM METOJaMHM, CKOPOUYETbCS B HEpLIy 4Yepry 3a paxyHOK
ycyHeHHs1 npouenypu neperBopenns yucen 3 HKC y nmosumiiiHuii Ko, a Tako YCYHEHHs MO3WIIWHOI onepamnii MopiBHSIHHS
yucein. [lo-npyre, 4ac IiarHOCTHKM JaHMX CKOPOUYEThCS 3a PaXyHOK 3MEHIIEHHsA KuibkocTi 6asuciB C3K, B sKMX MOXYTh
BUHUKHYTH HOMWIKH. Ilo-Tpere, yac IiarHOCTHKM JaHHMX CKOPOUYETbCS 3@ PaxXyHOK IIPE/ICTaBICHHA HaOOpy 3HAuCHb
aypTepHaTUBHOI CyKynHOCTI (AC) uncen y TaGJIMYHOMY BUIJISI T4 MOMXJIMBOCTI BUOIPKH 1X 32 OAMH MaIIMHHMI TakT. KinbkicTs
iH}opmaniiiHol HazMipHOCTI, 10 TOJATKOBO BBOIMUTHCS, 3MEHILIYETHCS 33 PaXYHOK €(EKTHMBHOIO BHUKOPUCTAHHS BHYTPIIIHBOI
iHpopmaniitHoi HagMipHOCTI, sika icHye y C3K. HaBeneHo mpukian BHKOPUCTAHHS 3alpOIIOHOBAHOTO METONY JiarHOCTHUKHU
nanux y C3K. BucHoBku. TakuM 4MHOM, 3alIpONOHOBAaHUM METOJ I03BOJISIE CKOPOTHUTH 4ac JiarHOCTHKU IIOMUJIOK JAHUX, 1O
npexacrasieHi y C3K, Ta miBuIIye onepaTHBHICTh AlarHOCTHKY IIPU BBEAEHHI MiHIMAJIBbHOI iHpOpMaNiiHOT HaJMIpPHOCTI.

Kaw4yoBi ciaoBa: cucreMa 4HCISHHS; CHCTEMa 3AJIMIIKOBUX KJIACiB; OlepaTHBHA JIIarHOCTHKA NaHUX; HEMO3WIliHA
KOJIOBa CTPYKTYpa; KOMITFOTEpHA CHCTEMa.

MeTox AMATHOCTHKH JAHHBLIX B CHCTEME OCTATOYHBIX KJIACCOB
B. A. Kpacunobaes, C. A. Komman, /. H. KoBanpuyk

AuHoTanus. IIpeqverom crarteu sBiseTcs pa3pabOTKa METOAA JUArHOCTUKHM JIAHHBIX, KOTOPbIC HPEICTABICHBI B
cucreme ocrarouHbix kinaccoB (COK). Hensto crarbu siBistercst pazpaboTka MeTona ObicTpoit ruarHocTuky JaHHbIX B COK npu
BBOJIE MMHHMMAIBHOW HH(OPMAIIMOHHOM HM30BITOYHOCTH. 3aJa4yM: IPOBECTH AHAJIM3 U BBIIBUTH BO3MOXKHBIE HEIOCTATKU
CYILECTBYIOIMX METONOB AnarHocTUkH AaHHBIX B COK, nccnenoBate BO3MOKHBIE ITyTH YCTPAHEHNUS BBISBICHHBIX HEJTOCTATKOB,
pa3paborath MeToj omnepaTuBHOW auarHoctuku aaHHbIX B COK. Meroabl McciIeJOBaHMs: METO/bl aHAJIN3a U CHUHTE3a
KOMIBIOTEPHBIX CHCTEM, Teopus umcel, Teopust koxuposanuss B COK. IMomyuensl cienyommue pe3yiabrathl. [lokazaHo, uro
OCHOBHBIM HEJIOCTATKOM CYILIECTBYIOIIMX METOIOB SIBIISICTCS 3HAYUTENILHOS BPEMs AUArHOCTHKU JAHHBIX IPH HEOOXOAMMOCTH
BBEJICHUS 3HAUMTEIBbHOH MH(OPMALMOHHON M30BITOYHOCTH B HENMO3UIMOHHYIO KonoBowo cTpykTypy (HKC). PaccmorpenHslii B
CTaTh€ METOJ| IMO3BONAET IOBBICUTH OMNEPAaTHBHOCTH NPOLEAYpbl AUarHocTuku npu BeeaeHnn B HKC muHMManeHON
MH(POPMALMOHHON M30BITOYHOCTH. Bpemsi IMarHOCTHUKM JaHHBIX, IO CPABHEHHWIO C H3BECTHBIMU METOJAMHM, COKpAllaeTcs B
MIEPBYIO OYepe/lb 3a CUET MCKIIFOUEHHs MpoLenypsl npeodpazoBanust yucen u3 HKC B no3unmoHHbIi KoJ, a TakxkKe UCKIFOYEHHS
MO3UIIMOHHON OMNepaluy CpaBHEHUs] 4Hceld. Bo-BTOPBIX, BpeMs IMArHOCTHUKHM JAHHBIX COKpPAINAeTCsl 332 CYET YMEHBLICHHs
konuuectsa 0asucos COK, B KOTOPBIX MOI'YT BO3HHUKHYTH OIIMOKH. B-TpeTbux, BpeMsi JUarHOCTUKM JaHHBIX COKpAllaeTcs 3a
CUeT INpeACTaBlICHHs Habopa 3Ha4YeHWH albTepHATUBHOH COBOKyNMHOCTH (AC) umcen B TaOIMYHOM BHZE U BO3MOXKHOCTH
BBIOOPKHM MX 3@ OJMH MALIMHHBIHA TakT. Konu4ecTBo JONONHUTEIbHO BBOAUMON HH(OPMALMOHHOW U30bITOYHOCTH YMEHBILACTCS
3a cueT 3(pQEKTUBHOIO HCIIOIB30BaHUS BHYTPEHHEH HMH(pOpManMoHHOH n30bITouHOCTH, cymectBytomeid B COK. IlpuBenen
IpYMEp HCIOIb30BaHUS NPEUIOKEHHOro Merona auarHoctuku naHHelx B COK. BeiBoabl. Takum o0pa3oMm, mpezaiaraeMblii
METOZ MO3BOJSIET COKPaTHTh BpeMs AMArHOCTHKM OIIMOOK JaHHBIX, Koropsle mnpexacraBiaeHsl B COK, 4ro nossimaer
OIEPAaTHUBHOCTb JIUArHOCTUKY NP BBEIECHUN MUHUMAJIbHON NH(POPMALIMOHHOH H30BITOYHOCTH.

KamoueBble cJoBa: cucrema CHHUCJICHUA, CUCTEMa OCTAaTOYHBIX KJIACCOB; OII€paTHBHAsA JUAIrHOCTHUKA JaHHBIX]
HCTIO3UIIMOHHAs KOAOBas CTPYKTYpaA; KOMIIBIOTEPHAsA CUCTEMA.
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