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METHOD FOR DIAGNOSING DATA ERRORS OF A COMPUTER SYSTEM
FUNCTIONING IN THE SYSTEM OF RESIDUAL CLASSES

Abstract. The subject of the article is the development of a method for diagnosing data errors of a computer system
functioning in the residue number system (RNS). This method is based on the tabular principle of data diagnostics operation
implementation. The purpose of the article is to reduce the time of performing the operation of diagnosing the data of a
computer system that functions in the RNS in the dynamics of the computational process. Tasks: to analyze the possible
application of RNS as a number system in computer data processing systems; to investigate existing methods of data
diagnostics and identify possible shortcomings in data diagnostics in the dynamics of the computational process with the
introduction of minimal information redundancy; to develop a method for diagnosing the data presented in the RNS, which
is based on the tabular principle of the implementation of the diagnostic operation. Research methods: methods of analysis
and synthesis of computer systems, number theory, coding theory in RNS. The following results were obtained. The work
shows that the data diagnostics is carried out after the control operation has been performed. To carry out the operation of
diagnosing data in the RNS, when one-time errors occur, methods for determining an alternative set (AS) of numbers are
used. In this case, the main disadvantage of the considered methods is the considerable time required to determine the AS.
To reduce the time for determining the AC numbers in the work, the method for diagnosing data in the RNS has been
improved. Improvement of the method involves the compilation of a table (the first stage) of correspondence to each correct
number of a possible set of incorrect numbers when one-time errors occur in the data. Based on the analysis of the contents
of the table of the first stage, a table (of the second stage) is drawn up of the correspondence of each incorrect number to the
possible values of the correct numbers. Conclusions. The use of the improved method increases the efficiency of diagnostics
of the data presented in the RNS by reducing the time for determining the AC numbers. This is achieved by quickly fetching

pre-calculated AC table values.
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Introduction

The modern life stage of science and technology
development involves perplexing tasks, which require
prompt resolving. However, the complexity of these
tasks outstrips the pace of computational power
ascension of the universal computers. In this, the
principal  directions of computational  system
enhancement of real-time data processing are its
performance maximization. It’s known that one of the
possible directions of high-performance computational
systems development is to parallelize tasks and
algorithms on the level of arithmetical microoperations.
One of the ways of parallel task solving is to make a
transition to the nonconventional machine arithmetic
with alternative operands representation. If to choose out
of numerous nonconventional arithmetic the most
practical use in computational systems belongs to the
non-positional numeral system in residue classes —
residue number system (RNS) [1-3].

The set of RNS beneficial properties defines the
following classes of tasks, where it’s significantly more
efficient than a positional arithmetic: cryptographic and
modular transformations (implementation of
cryptographic transformations in a group of elliptic curve
dots, as well as algorithm realization for hashing and
random numbers generations [4-7]), signal processing,
image processing (compression), real-time large number
of bits (hundreds of bits) integer data processing, vector
and matrix informational array processing in bulk, neural
computer information processing, FFT and DFT
algorithm  realization and  optoelectronic  table
information processing [8-11].

In fact, its required to determine the alternative set
(AS) in RNS W (A) :{m|1,m|2,...,m|p} of the incorrect

A=(a,ay,...,8i_1,8,8i,1,...a,) numbers. By the AS
W(A):{m|l,m|2,...,m|p} of the incorrect (corrupted)

number A= (a,a,,...a_q,a,8j,;,..,a,) Meant the set
{le} (k=1,p) of p RNS bases, upon which the

correct  (not  corrupted) number  (codeword)
A=(ay,ay,...,8j_1,8j,8,q,...a,) may differ from the
given set {A} of possible derived incorrect numbers.
This also suggests, that only a single (by one of the
residues m; (i=1,n+1) of the number A=
=(&,8y,....8§_1,8 ,8j,1,....a, ) error (corruption of one

of (n+1) residues) may occur in the correct number A.
Noting that AS is considered when a minimal
information redundancy is introduced to RNS, by
applying a single (k = 1) additional (check) RNS base
m,,1 to n informational basis, given that m; <mp,q,

i=1n. In this case the total amount Nrap Of RNS

codewords is Npa :Hinjllmi . The amount of Ncc

correct codewords is N¢c :Hrzlmi , as the amount of
N|c incorrect (corrupted) codewords is equal to

Nic = Ntc —Nee =Nee (M1 —-1).

Importance of the AS determining can occur in the
following principal cases. Firstly, if the error verification,
diagnosing and correction of data in RNS is required.
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Secondly, when performing error verification, diagnose and
correction of data in RNS in a process of task solving in
computational process dynamics (CPD) (in real-time, i.e.
without pausing computations) given the minimum
information redundancy [2]. One of the main requirements
of the AS determining procedure in RNS is the requirement
to decrease a time for a given bases set determination. This
requirement is especially crucial for the second case — in a
process of task solving in CPD [12-15].

As can be seen, pending and important task is to
develop new and improve existing methods of prompt AS

numbers W (A) = {m,l,m|2 m|p} determining in RNS.

The purpose of the article is to reduce the time of
performing the operation of diagnosing the data of a
computer system that functions in the RNS in the
dynamics of the computational process.

Method for diagnosing data
in a in residue number system

All existing methods of AS numbers determining
are based on the sequential determining procedure of the
sought bases of AS numbers in RNS [1].

As an example (first method), the AS

W(A) = {m|1 My peees M } of the incorrect number

A=(a,85,.,8i_1, 8,81, 2n) 1)

can be determined by a sequential checking of each of the
RNS bases m;, i=1n) as following. The number set
having the same value of the residues over each of RNS

bases, as well as the number A, is being determined,
except of a one certain base, and being different only via
the values of possible residues over given base. Amongst
this set of number there may be no correct number, or a
single correct number can be present only. In this latter
case the determined number is included into the AS of

the incorrect number being checked A . The considered
method suggests the sequential alike verifications for
each of the informational RNS bases (check bases are
always contained in the AS bases). The result of such
sequential verifications fully determines the AS

W(A):{m,l,m,z,...,mlp}. @)

The downsides of this method of the AS
determining are high computational complexity and
significant time consumption.

The second method for the AS determining is based
on the subtraction of each of the possible projections

A =(a,82,.-,8_1,8j41,-,8n) ®)

of the incorrect number A, and their following
comparison to the value of the RNS defined
informational range. As it proved [2], the necessary and
sufficient condition for RNS base appearance in the AS

W (A) of the number A is its projections A are being
correct. The second method application slightly improves
the AS determining process W (A) of the number

A=(a,32,..,8j_1,8j,8,1,--8pn) s 4

because of the ability of simultaneous determining of the
possible projections AJ- of the incorrect number. Given

circumstance decreases the time factor difficultness of
the AS determining. However, the AS number
determining procedure contains following basic
operations: number A conversion from RNS to PNS;
projections A, conversion of the incorrect number A
from RNS to PNS and the comparison procedure of
numbers. Listed operations in RNS are referring to as
non-positional operations, which require significant time
and hardware investments for implementation. The
downsides of the mentioned method of the AS
determining are the same as in the first method:
significant computational complexity and significant
time consumption. Therefor there remains the task to
improve the second viewed method in terms of reducing
time of the AS determining.

The improvement of the acquainted second method
is to reduce the time needed to determine the AS. The
mission of the introduced method in this article of the AS
number determining in RNS is to perform the preliminary
corresponding M tables compiling (first stage tables)

A:cbl(A) for each correct A number (contained in the
numerical range 0+=M —1), of the possible set {A} of
the incorrect numbers (contained in the numerical range

M +Mg—1) with single error (in one of the residue)

occurring in the number A. Based on the analysis of the
first stage tables the second stage table is being compiled,

which contains the correspondence A= ®,(A) of each

incorrect A number out of the numerical range
M =M -1 to the possible values of the corrected (non-
corrupted) A numbers.

The amount of the correct A numbers corresponds
to the amount of the RNS basis, that are contained in the
AS W(A) of the 4 number. The stages of
implementation of the improved method for determining
the AS in the RNS are shown in Fig. 1.

It’s appropriate to consider the application of the
introduced method of the AS determining for a particular
RNS, that is defined by the informational m =2,

m, =3 and check basis
(M=2-3=6; My=30).

By each of the correct codewords 0-5 following fist
stage A= CDI(A) corresponding tables are compiled

(Tables 1).
Table 2 shows the algorithm for

My =Mg =My =5

the AS
W (A) = {m|1,m|2 m|p} numbers determining in RNS.

According to these tables the second stage
A=d,(A) Table 7 is being compiled. Table 7 shows the

correspondence A:CDz(A) of each incorrect A number

out of numerical range 6-29 to a possible values of the
corrected (non-corrupted) 4 numbers.
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Selection of RNS by means of bases {m;}, (i=1,n+1)

3axinuenns maon. 1

| Incorrect A Correct 4 -
- - AS value W (A)
Formation of correspondences tables of the first degree number number
A= (A), based on a set of c9de words, each correct Ay =(010112) Ay =(0110]10) W (Ryp) = {my,ms)
number Agyg from the numerical range (0+M —1) Ay =(0112112)
- A =(@1L07) e
Analysis of the correspondence tables of the first degree Az = (I3 A= (L10113) (Aiz) ={my, g}
A=, (A) for the presence of possible sets of incorrect ~ A= (0112112 e { }
i + - =(0]12] 4 ={m,,m
numbers in the range (M + My —1) A =(0112114) A= OIIL114) Aug .My
=(0]]0]l0O
Forming a table of the second degree to correspond _ #o=(0110119) -
A=d,(A) to each incorrect number A from the A5 =(1110110) | As=(IIOII3) | W(As)={m, my, ms}
numerical range (M +Mg —1) As = (L112110)
- A =(@1L01) -
[ Ao =OILIY | W o) ={mms)
Definition of an alternative set W (A) = {m,l,m|2 ,...,m|p}
_ A =(0112112) _
Fig. 1. An improved method A7 =(1112112) A —I2110) W (A7) = {my, mg}
for determining the alternative set in the RNS A —(010110)
Ag = — W (Ag) ={m,m
Table 1 - First stage correspondence table #18 =(0110113) Ag=(1110]3) (Asg) {1 3}
0o 0[o 1 1 1 1 - A = (LI .
5 1] 0] 0 6] 0 | 1 | 1 Ao =(II1I4) —oriia W (Ayg) = {my, g}
Ay =(0111114)
10 0 1 0 21 1 0 1
20 020 1121 ] Ao =(ON0I0) |
6 | 0 [ 0 | 1 25 | 1 | 1[0 By =(0112110) | A =(0112112) | W (Agg) = {my, mp, ms}
12 0 0 2 7 1 1 2
=(1/|2]0
18 0 0 3 13 1 1 3 A:l ((1||||1||||1))
24 0 0 4 19 1 1 4 ~ = -
Ay =(lI011D) W (Agy) = {my, ms}
2 o022 3] 1]0]3 A =(II0II3)
17 1 2 2 18 0 0 3 - A, =(0]12]12) _
12 0 | 0|2 13113 Rz = QIL12) [ — T W (Agz) = {mp,mg
22 0 1 2 23 1 2 3 A=l
20 0 2 0 15 1 0 0 ~ = X
= W = y
% o2 1 i1 o 1 Ry =213 iz ] W) = (mems)
8 | 0 | 2 |3 27 [ 1 [0 |2 - A =(01010) -
4]0 ] 2| 4 9 | 1 ] 0] 4 Aoy =(0]10]14) — W (Agg) = {my, ms}
4 To[1]a 5 1 [ 270 A= UL
19 1 [ 1| 4 20 0 | 2 |0 " A= QI .
= W (Aoe) =
0T o2 5T 1100 Pos =WILIO) =gy | W (Aes) = {mams)
14 0 2 4 25 1 1 0 = =
00 1] 0 11 2 |1 Ros=(011211D) | A=(0112112) | W (Ag)={ms}
16 0 1 1 17 1 2 2 Ay = 1)10]12 Ay =(110]13) W(A y={m
2] 0 | 1] 2 2] 1 | 2 | 3 kil ( ) il s
28 0 [ 1 [3 29 [ 1 [ 2] 4 Aog =(0111113) | As=(0II1114) W (Agg) = {m3}

Table 7 — Second stage correspondence table

Ini%rr:]e;;rA Cnourrrﬁtc)érA AS value W (A)
Ae=(0110111) | Ay=(011010) W (Ag) = {mg}
A =(1]11112) A=) W (A7) ={ms}
Ag=(0112113) | A, =(0l2]I3) W (Ag) ={mg}
Ag=(L][0]14) | Ag=(II0II3) W (Ag) = {mg}
Ao = (0112110) /:\';((%llll(l)” Z; W (Ayo) = {mz, mg}
Ap=C1210) | A=A | W(Ay)={my,m,
As =(1112]10)

Let’s review the example of the AS number
determining in RNS using the introduced in this article
table method. Given the incorrect number

A5 = (L110][0) (Table 4).
Number’s AS should be determined. Initially six

correspondence tables are being compiled (Tables 1-6) of
the first stage for each correct

A= (al,az,...,ai,l,ai,ai+1,...,an)

number (out of numeral range 0-5) for the possible set of
incorrect numbers (out of numeral range 6-29) when
single errors (in one of the residues) occur in the number
A. Based on the analysis of the first stage table content
the second stage table is compiled, that contains the
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correspondence for each incorrect number out of numeral
range 6-29 to the possible corrected (non-corrupted)
values A=(a,85,...,8_1,8,8j41,---8,) Of numbers.

The amount of correct A numbers corresponds to the
amount of RNS bases, that are contained in the AS

W (A) = {m,l,m|2 ,...,m|p}

of the A number. Influenced by single errors occurrence
the incorrect number A15 =(1]/0]|0) can be formed by

the following correct A numbers.
Firstly, the correct number Ay = (0| 0| 0) (Table5)

Conclusions

The method of determining the alternative set of
numbers, which is based on the implementation of
correspondence functions of possible errors values, by
forming correspondence tables of the correct number of
possible set of incorrect numbers, which allows to
increase the efficiency of error diagnosis in RNS.

This method usage as opposed to other existing
methods, allows to significantly reduce time needed for
the AS number determining. Firstly, this is achieved by
decreasing the amount of RNS bases being checked, that
indicate the possibility of the correct number’s
A=(a,3,...,8j_1,8j,8j,1,.--n8y) residues to be

might be corrupted in its first residue a =0 (& =1).

(Table 8) might be corrupted in ins third residue az =3

corrupted. And, secondly, due to introduction of the fast

Secondly, the correct number ) a
(table-based) selection of preliminary calculated AS

Ag =(1110113)

W(A)={m|1,m|2,...,m|p} values.

(83=0). And, lastly, the incorrect number
A = (1]]2]]10) (Table 6) might be corrupted in its second Time reduction ~ for  AS number’s
residue a, =2 (8 =0). In this case the AS W (A) = {m,l,m|2 ,...,mlp} determining may

of the incorrect number Als = (1|01 0) is equal to the
value W (A5) = {my, my, mg} (Table 7).

A

11.

12.

13.

14.
15.

subsequently increase the performance of the error
verification, diagnosing and correction of data in RNS.
Also, this feature will increase the efficiency of using
non-positional code structures when creating computer
systems and components [16-18].

W (A) = {m,l,m|2 ,...,m|p}
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Merton 1iarHOCTUKH MOMMJIOK JAHUX KOMI'IOTEPHOI cHcTeMU, 0 GYHKIUIOHYE y CHCTeMi 3aJJMIIKOBUX KJIACiB
C. O. Kommas, B. A. Kpacrobaes, C. b. Hikonbcbkuit

Anortaunis. IIpexmeTom cTaTTi € po3poOKka METOy JIarHOCTHKK MOMHJIOK JTAaHWX KOMITIOTEPHOI CUCTEMH (DYHKIIOHYE Y
cucremi 3amumkoBux kiaciB (C3K). Jlanuit MeTon IpyHTYeTbCs Ha TaOJIMYHOMY HPUHLUIN peajizamii omeparii JiarHOCTUKU
JnaHuX. MeToro CTaTTi € 3MEHIICHHS Yacy BUKOHAHHS OIepallii JiarHOCTHKHU JaHUX KOMITIOTEPHOI CUCTEMH, sIKa (QYHKLIOHYE Y
C3K B nuHaMiIi 00YHCIIOBAIBEHOTO MpoLecy. 3aAadi: MpoBeCTH aHali3 MOXKINBOro 3actocyBaHHs C3K sk cucTeMu YuCiIeHHS y
KOMITIFOTEPHUX CHCTeMaxX OOpOOKH JaHWX; JOCHIAWTH iICHYHOUI METOIU IarHOCTHKH JaHWUX 1 BUSBHUTH MOJJIMBI HEJOJIKH MPU
JIarHOCTHI TAaHUX Yy TUHAMIL OOYHCITIOBAIBHOTO MPOIIECy NPH BBEACHHI MiHIMaJIbHOI iH(GOpMaIiifHOT HaAMIpHOCTI; po3poduTH
METOJ A1arHOCTUKH JaHuX npeacraBieHnx y C3K, axuii 3acHOBaHUT HAa TaOIMYHOMY IPHHLUII peati3alii onepamii JiarHoCTUKA
JaHuX. MeToam TOCTiIKEeHHS: METOAM aHANI3y 1 CHHTE3y KOMITIOTEPHHX CHCTEM, Teopis dmcel, Teopis komyBaHHS y C3K.
OTtpuMaHi HacTyIHI pe3yJbTaTH. B po6oTi moka3aHo, mo0 AiarHOCTHUKA JAaHUX IPOBOANTHCS ITICIIsl BUKOHAHHSA OTIepallii KOHTPOIIIO.
s mpoBeneHHs omepauii giarHoctuky ganux y C3K, mpu BUHHKHEHHI OZHOKPAaTHUX NMOMUJIOK, BUKOPHCTOBYIOTBCS METOAU
BU3HAYEHHs anbTepHATUBHOI cyKynHocTi (AC) uncen. IIpu 11boMy OCHOBHUM HEIOJIKOM PO3IITHYTUX METOJIB € 3HAYHUH Yac,
HeoOXinuuit s BusHaueHHs AC. [y 3MeHIeHHs yacy BusHaueHHs AC yuces B poOOTi yJOCKOHAIEHO METO/ IIarHOCTHKH TAHUX
y C3K. YaockonaneHHs: MeToy nependadae ckiagaHHs TabauIi (MepIIoro CTyIMeHs ) BiAMOBIAHOCTI KOKHOMY NPaBHIbHY YHCITY
MOXJIMBIfl CYKYNMHOCTI HENpaBHJIBHUX YHCEN NPH BUHUKHEHHI y JAaHUX OJHOKPAaTHUX MoMWIOK. Ha mixcraBi aHamisy BMmicTy
TaOIHIII MEPIIOTO CTYNEHs, CKIIAIAETHCS TAOMUIIA (APYTOTO CTYICHS) BiAMOBITHOCTI KOXKHOTO HETIPABIIBHOTO YHCIIa MOKITUBHM
3HAQUCHHSM IPAaBHIBHUX dYHcel. BHCHOBKH. BHKOpHCTaHHS BIOCKOHAIEHOTO METOXy MiABHINYE e€()eKTUBHICTH IIarHOCTHKU
nmaHuX, ski npexacrasneni y C3K, 3a paxyHok 3MeHmeHHs1 yacy BuzHaueHHs AC umcen. Lle mocsraeTsest 3a paXyHOK IIBHIKOT
BUOIPKH MOTIEPEHBO PO3PAXOBAaHHUX TabMMYHUX 3HaueHb AC guced.

KawuoBi caoBa: cucrema YHCICHHS, CHCTEMa 3aJMIIKOBUX KIIACiB; KOMM'IOTEPHA CHUCTEMA; IarHOCTHKA JaHHX;
TaOIMYHA peanizaris.

MeToa TMATHOCTHKH OLIMOOK JAHHBIX KOMIIBIOTEPHOU CHCTeMbl, (YHKIHOHMPYIOIIEH B CHCTEMe 0CTATOYHBIX KJIACCOB
C. A. Komman, B. A. Kpacrobaes, C. b. Hukonbckuit

Annoranus. Ilpexmerom crathu siBIsieTcs pa3paboTKa METO/Ia AUArHOCTHKH OIIMOOK JaHHBIX KOMITBIOTEPHOI CHCTEMBI
¢ynkumoHupyronieii B cucteMe octaroyHblx kiaccoB (COK). [laHHBI MeTOX OCHOBBIBAaeTCS Ha TAOIMYHOM IPUHIUIIE
peann3anuy ONepaluy JUAarHOCTHKU JaHHBIX. Lledbl0 CTaTbu SIBISIETCS yMEHBIIEGHHE BpPEMEHH BBITIOJNHEHHS OIepalnuy
JIMaTHOCTUKH JTaHHBIX KOMITBIOTEPHOI cucTeMbl, koTopas ¢yHkiuonupyer B COK B aMHaMuKe BBIYHCIHUTEIRHOTO MpoIiecca.
3amaum: nposecTr aHanmu3 Bo3MoxkHOTO mpuMeHeHHss COK kak CHCTEMBI CUHCIEHHS B KOMIBIOTEPHBIX CHCTEMax 00pabOTKH
JAHHBIX; FCCIIEOBATh CYIIECTBYIOMNE METOABI JHATHOCTUKH JAHHBIX M BBISBUTH BO3MOXKHBIE HEIOCTATKH IIPH THATHOCTHKE
JAHHBIX B JUHAMHUKE BEIYHCIUTEIFHOTO MPOIecca NP BBEACHNN MUHUMAIBEHOH HH()OPMAIIMOHHOI N30BITOYHOCTH; pa3padoTaTh
METOJ] JHAaTHOCTUKHM JaHHBIX npexcTaBieHHBIX B COK, KOTOpBIf OCHOBaH Ha TAOIMYHOM NPHHIWMIE PEaH3aI[lH OINepaIun
JUarHOCTUKH. MeTobl HecIef0BAHMS: METO/IbI AaHAIN3a M CHHTE3a KOMITBIOTEPHBIX CHCTEM, TEOPHSI YHCE, TEOPHS KOAUPOBAHHS
B COK. IMony4ens! cieaymomye pe3yabTaThl. B paboTe mokasaHo, YTO AMArHOCTUKA JAHHBIX MPOBOAMTCS MOCJIE BBIMTOJIHEHUS
onepanuy KOHTpoJs. st mpoBeneHus: onepanuu auarHoctTuku aaHHeix B COK, mpu BO3HMKHOBEHHH OJHOKPATHBIX OMIMOOK,
UCTIONB3YIOTCSL METOJbl OINpeneNeHus] aJbTepHATUBHOM coBOKymHOcTH (AC) uuncen. IIpuy 3TOM OCHOBHBIM HEJOCTATKOM
PacCMOTPEHHBIX METOJIOB SIBISIETCS 3HAYHTENIbHOE BpeMs, HeoOxoxumoe mis ompexneneHuss AC. [l yMeHbIIEHHS BpeMEHH
ompenenernst AC uncen B paboTe yCOBEepUIEHCTBOBaH MeToj auarHocTukd naHHBIX B COK. YcoBepiieHcTBOBaHHME MeToxa
MIPeAToNaraeT COCTABICHNE TaOIHIBI (TIEPBOH CTYIIEHH) COOTBETCTBHS K )KIOMY IPABIIIBHOMY YHCITY BO3MOKHOH COBOKYITHOCTH
HETIPaBIJIBHBIX YHCENT NMPH BO3HUKHOBEHHH B JAHHBIX OJXHOKPATHBIX omMOOk. Ha ocHOBaHHMM aHammM3a COAEPKUMOTO TaOIIHIBI
HIEPBOM CTYIEHH, COCTaBisiercss Tabnuma (BTOPOM CTYNEHH) COOTBETCTBHS KaXKIOTO HEMPaBHIBHOTO YHCIA BO3MOKHBIM
3HAYCHHUAM [IPaBUJIBHBIX YHUCEIL. BLIBOI[BI. Hcnonw3oBanue YCOBEPUICHCTBOBAHHOI'O METOZa ITOBBIIIACT Sq)(beKTHBHOCTb
JIVAarHOCTUKY JaHHBIX, KoTopkle npencrasiensl B COK 3a cuet ymeHbmenus Bpemenu onpeneneHus AC yucen. To JOCTUraeTcs
3a cueT OBICTPOi BEIOOPKH MpeIBapUTEIbHO PACCUNTAHHBIX TaONMN4HBIX 3HaueHn AC yucern.

Kaw4yeBbie caoBa: cucreMa CYHMCICHHS; CHCTEMa OCTaTOYHBIX KJIAcCOB; KOMIIBIOTEPHAs CHCTEMA, AMArHOCTHKA
JAHHBIX; TaOJIWYHAS peanu3anus.
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