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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.

Keywords: number system; system of residue classes; operational data diagnostics; non-positional code structure;

computer system; computer component.

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 {a} defining non-positional code structure

(NCS) of data Aspc =(ayllaz |- 11a ll & [l @ |l
~|lan Il.--llap+k) 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 =(allay]l..-llai_gllall

O&q [l llan Il.--I[aq4k) » Where nand k are quantity

of informational and control bases m; (i=Ln+Kk) in
ordered (m; <mj,4) SRC, correspondingly. The

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

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

number A. Let SRC is specified by ordered
(m; <m;,q) bases my,...my,. 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

Wkpi (A)Z{mkl,mkz, ,mkpi } ,

i.e. set AS:
Wi, (A):{mlllrnHv :mlpl}i
W2, (A):{m21,m22, 'mzpz} ;

aa ] @

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

jk =My -y, (modmy ), (2)

Wn+1pn+1 (A) = {mnllv mnlz, mn

for k=1,n+1. Also, due to value k=n+1 the

WrHan-*—l (A) Wn+1pn+l (A) =W (A) '

According to (2) the formation of k tables is
performed, where values vy, are matched against

Agj. After defining AS W _ (A) which called
1

equals

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

(), ). ]

n+1

W(\Vl)( ) {Aaj(-\lfl) Aa(\vl) Aa(Wl)}

W) (3) o), ... 2.

n+1

WZ(WZ) ( ) {Aa{‘”) Aa(‘VZ) Aa(‘VZ)} :

n+1

and so on to value of vectors in the form of:

W(Wn)( ) {Aaj(-‘lfn) Aa(‘l’n) Aa(‘Vn)}’

n+1

and completely to value of vector as: Wh(A) =
= {Aal, Aaz, cees Aan+1}.
Components of the vector W,,,;(A) are compared

to according components of all vectors Wi(“’i) (A) 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’(A) ={mzl,m22, ,mzp} :

Indeed, among AS Wkp (A) there is always a

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

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

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

When an Aa; has such value, that number A

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

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

n
where M =[[m; and My =M -my,;.
i=1
Thus, the idea of suggested method lays in the
following: all possible ASs are defined on each of
the intervals of number A occurrence. After this,
the common for these intervals bases m,, ... My

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(A) 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 Aa;,
is equivalent to the shift of this number in the interval

{jﬂ(m)m
m; my

] to the left to value jm.
my

Decompose numerical sequence to corresponding
. . My M M
intervals with length: —% , —% , ..., —%.

my Mn41

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

which there is an operand A on each of numerical
segments as

M,
e

My . M,
Tiu = {Jnﬂ M (Jn+1+1)m ]

n+1

(%)

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

Defining of primary AS (j1)

Defining of primary AS (jn)

!

¢

l

Defining of primary AS (jn+1)

!

Defining of secondary AS

Defining of secondary AS

Defining of secondary AS

W% and W, ,

W1(¢1) Wn(¢n) Wn +1
Comparing
W, and W, ,
Comparing

l

Choice of the common bases of SRC

Defining of W'(A)

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

Defining  the

geometrically correspond to defining the interval

[21,2,], where

M,
q=maxe Jj—;
m

i.e. sought interval is being defined as intersecting

of intervals sets (5)

w

It is obvious, that

M,

Ip—4 =

n+1

Condition (6) is equivalent to condition (3). If

error  moves  operand
[(Mn41—1),M, My ], then

My
Mpy1

-4 =

Condition (7) is equivalent to condition (4).
The suggested geometrical model confirms the

correctness of the

secondary

T '(A) =le /\Tj2 AN

method’s

w'(A)

Consider an example of defining AS of number

A according to developed method. There is SRC
with bases my =2, m, =3, my =5.

The code words of this SRC are presented in

zp=mine(j+1)—,

description, and also more clearly demonstrates the
idea of the procedure of
increasing or the reduction of the numerical interval

of distorted number A occurrence.

M, the table 1.
m; Table 1. The set of code words
AnPN [Mg | My | Mg | AinPN |[M | M| Mg
0 0 0 0 15 1 0 0
1 1 1 1 16 0 1 1
2 0 2 2 17 1 2 2
(6) 3 1103 18 0|lo |3
4 0 1 4 19 1 1 4
5 1 2 0 20 0 2 0
interval 6 0 0 1 21 1 0 1
7 1 1 2 22 0 1 2
(7 8 0 2 3 23 1 2 3
9 1 0 4 24 0 0 4
10 0 1 0 25 1 1 0
mathematical 11 1 2 1 26 0 2 1
12 0 0 2 27 1 0 2
informativeness AS 13 BERE ” o 11 3
14 0 2 4 29 1 2 4
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Thus,
M=2.3=6, M;=M-5=30,

(0,2,0).

Assume, that after the influence of a single error

=(0,0,..., Ag;,...,0)

by i-th basis ( Aa, = 2) there is a number

My =My =5, A=(0,2,2), AA=

A=A+AA=(0,2,2).

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

nuvelization of a number A 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

Wlpl(A)z{mz,mg},
WZPz( ) {ml m3}

Wap, (A)=W (A) {my,mp,mg}.

Table 2 — Nuvelization constants (m1 —my)

=(0,0,..., Ag;,...,0),

ms ms
(1,1,1) 0,1,4)
0,2,2)

Table 3 — Nuvelization constants (m; — ms)

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

Table 4 — Nuvelization constants (m; — ma)

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

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

for y3=2, W3(A)={1,1,2};

A)=1{10,2};

fory2:1 ()
( ) {0,0,3};
0,2,3};

for y; =1 (>
( ): {0,0,4}.

Table 5 — Secondary Ass (y3)

vs | Possible values of errors Wi
0 none -
1 Aa2=1, Aaz=1 WsO(A) = {0, 1, 1}
Aai=1, Aar=1, -
2 = h o Ws®(A) = {1, 1, 2}
Aaz=2
Aai=1, Aar=2, -
3 = h o WsO(A) = {1, 2, 3}
Aaz=3
4 Aaz=2, Aaz=4 W5O(A) = {0, 2, 4}

Table 6 — Secondary Ass (y2)

Possible values of

r2 errors Wit

0 Aaz=1 W-O(A) = {0, 0, 1}

L Aai=1, Aas=1, W-O(A) = {1, 0, 2},
Aaz=1, W2d(A) = {0, 0, 3}

2 Aaz=4 W-O(A) = {0, 0, 4}

Table 7 — Secondary Ass (y1)

71 Errors Wi

0 Aaz=1, Aaz=2, WiO(A) = {0, 1, 1},
Aaz=1 W1@(A) = {0, 0, 2}

1 Aax=2, Aaz= 3, Wl(l)(/a:) ={0, 2, 3},
Aaz=3 WiA(A) = {0, 0, 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

Ws(A)= {my,mg} (table 8, a).

Therefore, W(A)>W( ) 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
mi mz ms ma mz ms
1 1
1 0
+ - + - - -
c d
mi mz ms ma mz ms
1 1
0 2 0 0
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In the geometrical interpretation example for Define numbers of intervals, in which an
given SRC is represented in the following way operand A:(1,2,2) placed:
(Fig. 2).
The segment [0,30) is decomposed to le:[15,3o), T, =[10,20),
according numerical intervals [15,30), [10,15) and
[12,18). Tj, = [12,18).
— —"= ™
0 6 15 T 30
' —~ Y
0 6 10 Ti2 20 30
—
: : : : i I
0 6 12 Tis 18 24 30
Tw'(A)
[ : | | : : I i I
0 6 10 12 15 18 20 24 30

Fig. 2. Scheme of the defining a sought interval

A sought interval is defined by expression

Ty (A) =[15,18). It is obvious, that interval T, (A)

is being reduced, compared to TJ's' 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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Mertoa AiarHOCTHKH IaHUX Y CUCTEMi 3aJIMIIKOBUX KJIaciB
B. A. KpacHobGaes, C. O. Komman, /1. M. KoBansuyk

Anortanis. IIpeamerom crarri € po3poOka METONy HiarHOCTHKHM NaHUX, SIKI TMPEACTaBIEHI B CHUCTEMIi 3aJMIIKOBUX
kiaciB (C3K). Meroro crarti € po3poOka Merony IuBHakoi aiarHocthk nanux y C3K mpu BBejeHHI MiHIMaIbHOL
iHdopmaniiiHol HaxmipHOCTI. 3agadi: MPOBECTH aHAII3 1 BUSIBUTH MOXJIMBI HEJOTIKM ICHYFOUMX METOJIB JAIarHOCTHUKH JaHHUX Y
C3K, nocmiquTy MOXKIIMBI IUTIXH YCYHEHHS BHSBICHHX HENOJIKIB, PO3POOUTH METOA ONepaTHBHOI miarHocthky manux y C3K.
Metoau J0CIiKEHHS: METOAN aHAJl3y 1 CHHTE3y KOMITIOTEPHHUX CHUCTeM, Teopis uucel, Teopist kogysanns y C3K. OTpumani
HacTynHi pe3yabraT. IToka3aHo, 10 OCHOBHUM HEIONIKOM ICHYIOYHMX METONIB € 3HAUHMH dYac AIarHOCTHKM IAHUX IIpU
HEoOXiTHOCTI BBe/ICHHs 3Ha4YHOI iH(popMariiHoi HagMipHOCT] Y Heno3uuiiiHy konoBy crpykrypy (HKC). Posmisanyrtuii y crarri
METOJ J03BOJISIE MI/IBUIIUTH ONEPAaTUBHICTh IMpoLeaypu aiarHocTuku npu BBeneHHi y HKC wminiManeHOi iHpOpMamiitHOl
HagMipHocTi. Yac aiarHOCTHMKM JaHUX, B HOPIBHAHHI 3 BIIOMHMH METOZAaMH, CKOPOYYETHCS B IEpILY YEpry 3a paxyHOK
yCyHeHHs npouenypu neperBopenns yucen 3 HKC y nosuuniiiHuii kox, a TakoX yCYHCHHs NMO3HMLIHHOI oneparii MopiBHAHHS
yucesn. [lo-npyre, 4ac INiarHOCTMKH JaHUX CKOPOYYEThCS 3a PAaXyHOK 3MEHIICHHS KiibkocTi 0OasuciB C3K, B SKHMX MOXYTb
BUHUKHYTH NOMWIKH. Ilo-Tpere, 4ac [MiarHOCTHKM JaHHMX CKOPOUYYEThCS 3@ PaxyHOK IPE/ACTaBICHHA HAaOOpy 3HAYCHb
anpTepHaTuBHOI cyKymHocTi (AC) ymcen y TaOIMYHOMY BHTIISII Ta MOMIIMBOCTI BHOIPKH iX 32 OIMH MamMHHUHN TakT. KimbkicTh
iH(popMaliiiHOi HAJMIPHOCTI, IO JTOAATKOBO BBOIMTHCS, 3MEHILYETHCS 33 PaXyHOK €(EKTHBHOTO BUKOPHUCTAHHS BHYTPiLIHBOT
iHpopMauiiinoi HanMmipHocTi, ska icHye y C3K. HaBeneHo mpuKian BHKOPUCTaHHS 3alPONIOHOBAHOIO METONY AiarHOCTHUKH
nanux y C3K. BucHoBku. Takum 4MHOM, 3alpOIIOHOBAHHUI METOJ JJO3BOJISIE CKOPOTUTH Yac J[IarHOCTUKU MOMMJIOK JaHHX, IO
npeacrasieHi y C3K, Ta miBHIIye onepaTHBHICTh [IiarHOCTUKY [P BBE/ICHHI MiHIMaJIbHOT iHQOpMaLiiHOT HaIMIpPHOCTI.

KawuoBi ciioBa: cucreMa 4HCIEHHs; CHCTeMa 3aJIMIIKOBUX KJIAciB; OINEpaTHBHA JAIarHOCTHKA JAHUX; HEMO3MLiiiHa
KOJIOBa CTPYKTYpa; KOMITTOTEpHA CHCTEMA.

MeTox IMArHOCTHKH JAHHBIX B CHCTEMe OCTATOYHBIX KJIACCOB
B. A. Kpacnobaes, C. A. Komman, /[. H. KoBanpuyk

AnHorauus. Ilpenmerom crarbu sBiseTCs pa3paboTKa METOJA JMArHOCTHKH JAHHBIX, KOTOpbIE NPEICTABICHBI B
cucreme ocratoutbix kiaccoB (COK). Lleblo cratbu siBisiercst pa3paboTka Metona ObicTpoil auarnoctuky nanusix B COK npu
BBOJIC MHHHMAIBHOH HH(OPMALMOHHON H30BITOYHOCTH. 3aJayM: IPOBECTH AHAIM3 M BBIABUTH BO3MOMKHBIE HEIOCTATKH
CYILIECTBYIOLIMX METO/IOB trarHocTuky naHHblX B COK, uccnenoBaTh BO3SMOXKHbIE IyTH YCTPAHEHUS BBISBICHHBIX HEIOCTATKOB,
paspaborate Meroa onepaTuBHOW auarHocTukd AaHHbix B COK. Meroasl Hcc/IeIOBaHMs: METOIbl aHaIM3a U CHHTE3a
KOMITBIOTEPHBIX CHUCTEM, Teopus uucen, Teopus koaupoBanus B COK. Ilosydensl cienyromme pe3yibTathl. [lokazano, uro
OCHOBHBIM HEJOCTATKOM CYILIECTBYIOIMX METO/OB SBJIACTCS 3HAYMTEIBHOE BPEMs IMAarHOCTUKM JAHHBIX MPU HEOOXOIUMOCTH
BBEICHHS 3HAUUTENBHON MH(POPMAMOHHON N30BITOYHOCTH B HEMO3UIMOHHYI0 KomoBoto cTpykTypy (HKC). PaccmorpeHnHslii B
CTaTbe METOJ II03BOJIAET IIOBBICHTH OINEPAaTUBHOCTH MPOLEAYpPbl AuMarHocTMKM 1npu BBeneHnn B HKC MmuHMManbHON
MH(POPMALMOHHON M30BITOYHOCTH. Bpems IHMAarHOCTHKU JAHHBIX, 10 CPAaBHEHHIO C W3BECTHBIMH METO/IaMH, COKpallaeTcsi B
MIEPBYIO OYepe/Ib 3a CUET UCKIIIOUEHHs MpoLeypsl peodpazoBanust yncen 3 HKC B MO3MIMOHHBIH KO, a TakkKe UCKIIFOYESHHs
MO3UI[MOHHOW OINepaly CPaBHEHUsS 4Hcel. Bo-BTOPBIX, BpeMs AMATHOCTHKU JAaHHBIX COKpAIIAaeTCs 3a CYET YMEHBLICHHUS
konuuectBa 0asucoB COK, B KOTOPBIX MOI'YT BOSHHKHYTH OIIMOKH. B-TpeThuX, BpeMsi THAarHOCTUKM JAHHBIX COKpAIlaeTcs 3a
CUeT MpeACTaBieHHs Habopa 3HAYeHWI anmbTepHaTHBHOM coBOKymHOCTH (AC) uncen B TaONMYHOM BHAE W BO3MOXKHOCTH
BBIOOPKHM HX 32 OJJMH MAlIMHHBIHA TakT. KoInuecTBO IOMOTHUTENFHO BBOAUMOI HH(OPMAIIOHHON M30BITOYHOCTH YMEHBIIACTCS
3a cueT 3(hPEeKTHBHOrO HCHOIb30BAHUS BHYTpeHHeH HH(opMmaloHHOM u30bITouHOCTH, cymiectByoieii B COK. Ipusenen
MIpUMEpP HCIIONB30BAaHMS TPeUIoKEHHOro Merona auarHocTuky maHHbIX B COK. BeiBoabl. TakuM o0pa3om, mpeiaraeMblif
METOJl TO3BOJISET COKPAaTUTh BpPEMs AMArHOCTHKM OHIMOOK JaHHBIX, KoTopele mpexacraBieHsl B COK, uro moBbmmaer
OIEePaTUBHOCTD THarHOCTHUKH IPH BBEACHUH MUHUMAIIbHOH MH(OPMAIMOHHON H30BITOYHOCTH.

KawueBble cJioBa:. cHcTeMa CUHUCJICHHUSA; CHCTEMa OCTAaTOYHBIX KJIACCOB; OIICpAaTHBHAs JHMArHOCTHMKA HJAaHHBIX,
HEIIO3UIMOHHA KOAOBAs CTPYKTYpPA,; KOMIIBIOTCPHAsI CUCTEMA.
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