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Jucepraliisi TpHCBAYEHA MIJIBUIIEHHIO IIBUIKOCTI 00poOku 1HQopmarlii
MpOrpaMHO-aapaTHAMH CHCTEMaMH 1 KOMIUIEKCAMH 3 €JEMEHTaMU IITYyYHOTO
IHTEJIEKTY 3a PaXyHOK BUKOPUCTAaHHS MOJEJIEH Ta METOJIB IIBUIKOI OOPOOKH JaHUX
Ha OCHOBI 3aCTOCYBaHHS CHCTeMH 3anuIIKOBUX KiaciB (C3K).

B mnepmomy po3gini aHamizyroThCs MpoOieMu TOOYAOBH MPOrpPaMHO-
amapaTHUX CHCTEM 1 KOMIUIEKCIB 3 €JIeMEHTaMH IITYy4yHOro iHTenekTy. [IpoBeneHmit
aHaJIi3 MOXJIMBOCTEH MpPOrpamMHO-arapaTHUX CUCTEM 1 KOMIUIEKCIB 3 €JIEMEHTaMU
IITYYHOTO I1HTENEKTY CBIIYUTH MPO T€, II0 BOHH HE 33J0BOJBHSIIOTH 301IBLIEHUM
BUMOTaM JIO IIBHJKOCTI 00poOku iH(opmarlii, MmO OOYMOBIIOE aKTyalbHICTb
TOCHIJPKEHHS HOBUX MOJIEJIEH 1 METOIIB.

[IpoananizoBaHO CydacHUW CTaH Ta HaOpsIMUA MIABUIIEHHS IBUJKOJIL
IPOrpaMHO-anapaTHUX CUCTEM 1 KOMILJIEKCIB 3 €JIEMEHTAMU IITYYHOTO 1HTEJIEKTY, 3a
pPaxyHOK 3aCTOCYBaHHS CIELIAJIbHUX TEXHOJIOTIYHMX Ta apXITEKTYpHUX PIllI€Hb, a
TAaKOXX MaTEeMaTUYHHX METOJIB JIJIsl iX 3acTOCyBaHHSA B mTyyHomy iHTenekti (III).
Biamideno, 1o 3acTocyBaHHs napaneabHoi o0poOku ganux Ha ocHOBI C3K go3Bosise
3HAYHO MIABUUIUTH IIBUAKOIIIO Onepaniidi 00poOKH JaHUX.

3a pe3yiabTaTaMu MPOBEACHOr0 aHami3y TeopeTnyHux ocHoB C3K BH3HAUYEHO
OCHOBHI ii mepeBard HaJa NO3UUINHUMHU CHUCTEMaMHM YHUCJICHHS (HE3aJIeXKHICTh
3QJIMIIKIB, 10 JIa€ MOJIUBICTh  poO3MapaliefieHHs Tpolecy  OOYHCIICHbD;
PIBHOIIPABHICTh 3aIUINIKIB, IO Ja€ MOXJIMBICTh MIJABUIIUTH BiJIMOBOCTIHKICTh
IPOrpaMHO-alapaTHUX CUCTEM 1 KOMILJIEKCIB 3 €JIeMEHTaMHU IITYYHOI'O 1HTEJIEKTY Ta

MaJIOpO3PSAAHICTS  3aJUIIKIB, IO Ja€ MOMJIMBICTh MIABUIIUTH  IIBUIKOIIIO



MIPOTPaMHO-aMMapaTHUX CUCTEM 1 KOMIUIEKCIB 3 €JIEMEHTAMH IITYYHOTO 1HTEJIEKTY) Ta
il HemoJiKu (TPYIHOII TPHU BUKOHAHHI OIepallii MOPIBHAHHS Ta JIJICHHS YHCEl,
BU3HAYEHHS MEPEMOBHEHHSI JOIMYCTUMOTO Jlana3oHy), OOTpyHTOBAaHO HEOOXIJTHICTH
Bukopuctanas C3K B omepamiiiHUX NPUCTPOSIX TPOrpPaMHO-arapaTHUX CHUCTEM 1
KOMILJIEKCIB 3 €JI€MEHTaMU IITYYHOTO 1HTEJICKTY.

DopMyITIOIOTHCS 3a1a4l JUCEPTANHOTO JOCTIIHKSHHS: YAOCKOHAJICHS METOTY
J0JaBaHHS Ta BIJHIMaHHA 3anuiuKiB uucen mo moxymo C3K; ymockoHaneHHs
MeTony TaONuM4HOi peami3alli MHOXEHHS JBOX 3aJMIIKIB YHCEl 3a paxyHOK
MOXJIUBOCTI BHMKOHAHHS omepamii B KOMIUIEKCHIH 00JacTi; YyJOCKOHAJCHHS
MaTeMaTHYHOI MOJIEJl TPOIeCy IMiJTHECEHHS 3aJIUIIKIB IIJIUX YHUCEN JO JTOBUILHOTO
ctynenss HarypaipHoro B C3K; mpakTH4He MIATBEPIKEHHS Mpane3JaTHOCTI Ta
BIPOTITHOCTI pO3po0sieHMX Mozeneil 1 merodiB. fAki OyayTh BHUPINIYBaTUCh B
HACTYIMHUX PO3/ALIaX AUCEPTalLiiHOI poOOTH.

Y apyromy po3aiji JicTaB MOJAIbIIMKA PO3BUTOK METOJ JOJaBaHHS 1

BIIHIMAHHS 3aJMIIKiB uyucen mno Moxyiato C3K, skuit BpaxoBye KOHCTPYKIIIi
CYMaTOpiB [0 MOJIYJIIO 3 BeMUUUHOIO Kopekiii AQ, >0.

Po3podnena HDL-mozmens cymaropa mo moxyiro m, =17Ha moBi Verylog.
Po3pobnena cymatopa mo moaymo m. =178 cepenosumi Quartus II.

PosrnstHyTi mpuknand Ta pe3yiabTaTH MOJENIOBAaHHS peani3alii MeToay
MOJYJbHOTO JOJAaBaHHsS MJIs PI3HMX 3HadeHb Xx; 1 y; nmo momymo m, C3K,
MATBEP/KYIOTh MMPAKTUYHY Pealli30BaHICTh 3aIIPOMIOHOBAHOTO METOY.

Po3pobnena HDL-Mozaenbs BUKOHaHHS omneparlii BIJIHIMAHHS Ha CyMaropl Mo
momyiro m, =17 na moBi Verylog Ta cTpykTypHa cxema B cepemouiii Quartus II.

PosrnsHyTi mpukiaau Ta pe3yidbTaTH MOJENIOBAHHS peaiizarii omepaiii
BIAHIMaHHA (X; - yymod m; no momymo m, C3K and pi3HMX 3alIMLIKIB X; 1 )
MiATBEPIKYIOTh MPAKTHYHY PEali30BaHICTh 3aIIPOTIOHOBAHOTO METOY.

Y TperboMy po3aiji BIOCKOHAJICHO METOJ TaOJWYHOI peati3allii MHOKECHHS
JBOX 3aJMILIKIB YUCE] B CHUCTEMI 3aJIMIIKOBUX KJACIB 32 PAXyHOK MOKIIMBOCTI
BUKOHAHHS ONepallii B KOMIUIEKCHIM 00JacTi, HA OCHOBl BUKOPHMCTAHHS MEPIIOi

dbyHmameHTanbHOi Teopemu [ayca mpo i30MOpdi3M MK MHOKHUHOIO JIWCHUX 1



KOMIUIEKCHUX YHCEeJ, M0 MIJBUIIYE MIBUAKOJII0 peami3allii omepaiii MHOXEHHS B
CUCTEMI 3aJIMIIKOBUX KJIACIB.

BrockonajgeHo mMaTeMaTH4YHY MOJIENb MPOIECY IMiJHECEHHS LIIUX YHCeN JI0
JOBUTHHOTO cTemeHss HaTypambHoro uymcima B C3K 3a paxyHOK MOMKIMBOCTI
BUKOHAHHSI OIepalii miJHEeCEeHHs IIJINX YUCEN JI0 CTENEHs, K Y J0JIaTHOMY, TaK 1 B
BiJI’€MHOMY YHWCJIOBHUX Jlialla30HAX, IO IMiJBUINYE IMIBUAKOMIIO peati3alii omepaiii
IMTHECEHHS [IJINX YKUCEN OO0 CTEIEHS B CUCTEMI 3QINIIKOBUX KJIACIB.

Pe3ynbpraT KOMIT' IOTEPHOTO MOJCIIOBaHHS cepeaoBuili Microsoft Visual
Studio 2015 miaTBEpIKYIOTh MPAKTHYHY PEaIi30BAHICTh 3aIIPOMIOHOBAHOTO METOY.

YerBepTHii Ppo3AiJI MPUCBIYEHO po3poOlll  OmeparifHoro MpPUCTPOIO
MPOTPAMHO-aMapaTHUX CUCTEM 1 KOMIUIEKCIB 3 €JIeMEHTaMHU IITYYHOTO I1HTEJIEKTY,
110 (PYHKI[IOHYIOTh B CUCTEMI 3aJMIITKOBUX KJIACIB Ta MPBEACHHIO aHATI3y MBUAKOII1
00pOOKHM TaHWX B MO3UIIHHIN CUCTEM] YUCIICHHS Ta CUCTEMI 3aTUIITKOBHUX KJIACIB.

Po3pobneno omepamidHuii MOPUCTPI  OPOrpamMHO-aapaTHUX CHUCTEM 1
KOMIUJIEKCIB 3 €JIEMEHTaMH IITYYHOTO 1HTEJEKTy, IO (PYHKI[IOHYE B CHUCTEMI
3QJIMIITKOBUX KJIACIB.

B ocHOBY BHHax01y OTIepaIiifHOTO MPUCTPOIO POTPAMHO-aITapaTHUX CUCTEM 1
KOMIUJIEKCIB 3 €JIEMEHTAMU IITYYHOTO IHTENEKTY, IO (YHKI[IOHYIOTh B CHUCTEMI
3QJIMIIKOBUX KJACIB, MOCTaBJICHO METY: PO3IMIMPUTH (PYHKIIOHAIbHI MOKIJIMBOCTI
HasiBHOTO BX€ ONEpaliiHOro MPUCTPO0. PO3MIMpPEHHsS] MOXKIIMBOCTEN OnepariiiHoro
IMPUCTPOIO JTOCATAETHCS 3aBISKH TOMY, 10, KpIM BUKOHAHHS OIeparlli J1o7aBaHHS
3IMINIKIB 4Kcen x; 1 y; mo moayito m; C3K, mpuctpié 1mie 10JaTKOBO BUKOHYE
oTieparlito MOJIyIbHOTO BiHIMaHHA (X; - y)mod m; B C3K.

[Ipuctpiii ¢yHKIIOHYE y ABOX pexuMax poOoTu. B mepmomy pexumi
3HaXOJIUThCS PE3yJbTAT OMepallii JoJaBaHHs 3aJIMIIKIB uucen (x; + y)mod m; mo
moxaymo m; C3K. A y npyroMy pexkuMi 3HaXOAUTHCS Pe3yJIbTaT OIepallii BiIHIMaHHS
(x; - y)mod m; mo moxynto m; C3K.

HaBeneno mnpuknanu BHKOHAHHS orepaniid jomaBaHHs (X; +y)mod m; i1
BiHIMaHHS (X; - y)mod m; 3ammmkiB uucen mo moaymio C3K, mo miarBepmkye
NPAKTUYHY MOMJIMBICTh BUKOPHUCTAHHS 3alPOTIOHOBAHOTO BHHAXOMY OIEPAaIliifHOTO

MPUCTPOI0 TIPOTPAMHO-ANAPaTHUX CUCTEM 1 KOMIUIEKCIB 3 €JIE€MEHTAMH IITYYHOTO



inTenekty B C3K.

[IpoBeneHO po3paxyHOK Ta MOPIBHSUIBHUN aHaI3 IMIBUAKOIT 0OpOOKH JaHUX
IpOrpaMHO-anapaTHUX CUCTEM 1 KOMIUIEKCIB 3 €JIEMEHTAMHU IITYYHOT'O 1HTEJIEKTY y
C3K s MaTeMaTHYHOT MOJIENI IITYYHOTO HEHPOHY.

Po3paxyHku Ta mopiBHsUIbHA OLlIHKA IIBUIKOJII, MPOBEJICHI B JUCEpTaIlIMHIN
po0oTi, MOKa3anu, MO 31 30UTBIICHHSM PO3PSIIHOCTI CITKA MPOrpaMHO-arapaTHUX
CUCTEeM 1 KOMIUIEKCIB 3 €JIEeMEHTaMHM IITYYHOTO IHTENEKTYy e(EeKTUBHICTD
3aCTOCYBaHHS Heno3uiliitHoi cuctemu yncieHHs B C3K 3nauHo 3pocTae.

CyKkynHICTh OTpPUMaHUX Yy JUCepTalii HOBUX HAyKOBUX pE3yJbTaTiB,
MO3UTUBHA OLlIHKA iXHBOI JOCTOBIPHOCTI, HAyKOBOI Ta MPAaKTUYHOI 3HAYYIIOCTI
JAl0Th 3MOTY BBaKaTW C(OPMYJIbOBAHY HAYKOBY 3a/Jaudy MIABUIIEHHS IIBUIKOCTI
00poOku 1H(oOpMalli NporpaMHO-anapaTHUMU CHUCTEMaMH 1 KOMIUIEKCaMH 3
eJIeMEHTaMH IITYYHOT'O 1HTEJIEKTY 3a PaxXyHOK BUKOPHUCTAHHS MOJIEJIEH Ta METO/IIB
IBUJIKOT OOpPOOKHM JTaHMX Ha OCHOBI 3aCTOCYBaHHSI CUCTEMH 3aJUIIKOBHX KJIACiB, —
PO3B'sI3aHO10, a IOCTABIIEHY METY — JIOCATHYTOIO.

Kniwwuosi cnosa: «omn’romepui cucmemu, KOMN'IOMeEpHi KOMNOHEHMU,
WBUOK0Ois 0OpOOKU OaHUX, MAMEMAMUYHA MOOelb, MOOeli ma Memoou WEUOKOL
00pOOKU OaHUX, cUCmeMa 3aIUUKOBUX KIACI8, KUMALCbKA meopema npo 3aluliKu,
OBILKOBULL OOHOPO3PAOHUL CYMAMop, CYyMamop no MoOyao, mMabIuyHUuilL NpUuHyun
00poOKU Oanux, KOOYBAHHS, KOO MAOAUUHO20 MHONCEHHS, NAPANeNbHUll NPUHYUN
00poOKU OaHux, Yughposi npucmpoi, Mo8a onucy anapamuux 3acoois, Mooen08aHHs,
IHhopmayitina 00CMOBIpHICHb, MOOENl PealbHO20 4acy, OUCKpemHa Ccucmemd,
WMYYHUL [HMeNeKm, NPOCPAMHO-ANaAPaAmHi CUCEMAMU | KOMNIEKCU 3 elleMeHmamu

wmy4dHo2co iHmeJleKmy.



ABSTRACT

Kovalchuk D.M. Models and methods for fast data processing based on the use
of a residual class system. — Qualification scholarly paper: a manuscript.

The dissertation submitted for obtaining the Doctor of Philosophy degree in
Information Technology: Speciality 122 — Computer science. V. N Karazin Kharkiv
National University, Ministry of Education and Science of Ukraine, Kharkiv, 2023.

The dissertation is devoted to increasing the speed of information processing
by software and hardware systems and complexes with elements of artificial
intelligence due to the use of models and methods of fast data processing based on
the application of the residual class system (RCS).

The first chapter analyzes the problems of constructing hardware and
software systems and complexes with elements of artificial intelligence. The analysis
of the capabilities of software and hardware systems and complexes with elements of
artificial intelligence indicates that they do not meet the increased requirements for
information processing speed, which makes it urgent to study new models and
methods.

The current state and directions for increasing the performance of software and
hardware systems and complexes with elements of artificial intelligence are analyzed
through the use of special technological and architectural solutions, as well as
mathematical methods for their application in artificial intelligence (Al). It is noted
that the use of parallel data processing based on RCS can significantly increase the
speed of data processing operations.

Based on the results of the analysis of the theoretical foundations of RCS, its
main advantages over positional number systems were determined (independence of
remainders, which makes it possible to parallelize the calculation process; equality of
remainders, which makes it possible to increase the fault tolerance of software and
hardware systems and complexes with elements of artificial intelligence and low-
bitness of remainders, which makes it possible to the ability to increase the
performance of software and hardware systems and complexes with elements of

artificial intelligence) and its disadvantages (difficulties in performing the operation



of comparing and dividing numbers, determining the overflow of the permissible
range), the need to use RCS in the operating devices of software and hardware
systems and complexes with elements of artificial intelligence is substantiated.

The objectives of the dissertation research are formulated: improvement of the
method of adding and subtracting remainders of numbers modulo RCS; improvement
of the method of tabular implementation of multiplication of two remainders of
numbers due to the ability to perform the operation in the complex domain;
improvement of the mathematical model of the process of raising remainders of
integers to an arbitrary degree of natural in RCS; practical confirmation of the
performance and likelihood of the developed models and methods. Which will be
addressed in the following sections of the dissertation.

In the second chapter, the method of adding and subtracting the remainders of
numbers modulo RCS was further developed, taking into account the design of

modulo adders with a correction value AQ, >0.
An HDL model of a modulo m;, =17 adder in Verilog has been developed. An

adder of a modulo m, =17 has been developed in the Quartus II environment.

The considered examples and simulation results of the implementation of the
modular addition method for various values of x; and y; modulo m;, RCS confirm the
practical implementation of the proposed method.

An HDL model for performing a subtraction operation on a modulo adder
m. =17 in the Verylog language and a block diagram in the Quartus II environment
have been developed.

The considered examples and simulation results of the implementation of the
subtraction operation (x; - y)mod m; modulo m, RCS for various residues x; and y;
confirm the practical implementation of the proposed method.

In the third chapter, the method of tabular implementation of multiplication
of two remainders of numbers in a RCS is improved due to the possibility of
performing the operation in the complex domain, based on the use of Gauss's first
fundamental theorem on isomorphism between the set of real and complex numbers,

which increases the speed of implementation of the multiplication operation in the



RCS.

The mathematical model of the process of raising integers to an arbitrary power
of a natural number in the RCS has been improved due to the possibility of
performing the operation of raising integers to a power in both positive and negative
numerical ranges, which increases the performance of the implementation of the
operation of raising integers to a power in the RCS.

The results of computer modeling in the Microsoft Visual Studio 2015
environment confirm the practical implementation of the proposed method.

The fourth chapter is devoted to the development of an operating device for
software and hardware systems and complexes with elements of artificial intelligence
that operate of the residual class system and analysis of the speed of data processing
in the positional number system and the residual class system.

An operating device for software and hardware systems and complexes with
elements of artificial intelligence operating in a RCS has been developed.

The basis for the invention of an operating device for software and hardware
systems and complexes with elements of artificial intelligence operating in a RCS is
the goal of expanding the functionality of an existing operating device. Expanding the
capabilities of the operating device is achieved due to the fact that, in addition to
performing the operation of adding the remainders of numbers x; and y; modulo m; of
the RCS, the device additionally performs the operation of modular subtraction (x; -
y)mod m; in the RCS.

The device operates in two operating modes. In the first mode, the result of the
operation of adding the remainders of the numbers (x; + y;)mod m; modulo m; RCS is
found. And in the second mode, the result of the subtraction operation (x; + y;)mod m;
modulo m; RCS 1s found.

Examples are given of performing the operations of addition (x; +y;)mod m;
and subtraction (x; - yymod m; of the remainders of numbers modulo RCS, which
confirms the practical possibility of using the proposed invention of the operating
device of software and hardware systems and complexes with elements of artificial
intelligence in RCS.

A calculation and comparative analysis of the data processing speed of



software and hardware systems and complexes with elements of artificial intelligence
in the RCS for the mathematical model of an artificial neuron was carried out.

Calculations and comparative evaluation of performance carried out in the
dissertation work showed that with an increase in the grid capacity of software and
hardware systems and complexes with elements of artificial intelligence, the
efficiency of using a non-positional number system in RCS increases significantly.

The totality of new scientific results obtained in the dissertation, a positive
assessment of their reliability, scientific and practical significance allow us to
consider the formulated scientific task of increasing the speed of information
processing by software and hardware systems and complexes with elements of
artificial intelligence through the use of models and methods of fast data processing
based on the use of a RCS - solved, and the goal set - achieved.

Keywords: computer systems, computer components, speed of data processing,
mathematical model, models and methods of fast data processing, residual class
system, residue number system, Chinese Remainder Theorem, binary single-digit
adder, modulo adder, tabular principle of data processing, coding, tabular
multiplication code, parallel principle of data processing, digital devices, hardware
description language (HDL), modeling, simulation, information reliability, real time
models, discrete system, artificial intelligence, software and hardware systems and

complexes with elements of artificial intelligence.



