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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHYHHX PYOPHK: 47.33

Tema gucepranii:
1. Mopzesi Ta METOIY ITPOEKTYBAHHS allapaTHUX 0iT-NMOTOKOBUX online-o64nciIioBaviB €J1€eMEHTapHUX

MaTeMaTUYHUX QYHKLINA

2. Models and methods for designing hardware bit-stream online computers of elementary mathematical functions

Pedepar:

1. Inceprarnist cnpsiMmoBaHa Ha pOo3pOOKY MOiesIeli Ta METOIiB aBTOMATU30BaHOTO NIPOEKTYBAHHS anlapaTHUX OiT-
IIOTOKOBUX online-o64nciioBayiB eJ1eMeHTapHUX MaTeMaTUYHUX QyHKLi Ha aTgopmi I1J1IC 3 BUKOpUCTaHHAM
MOB OIIMCY anapaTypu. AnapaTHi 6iT-11oTOKOBi online-064nc0Bayi eJIeMEeHTaPHUX MaTeMaTUYHUX QYHKILI
3HAxXOJ4Th IIMPOKE 3aCTOCYBAHHS B CUCTEMax yIIPABJIiHHS PEeaJbHOTO 4acy i MaloTh p4J, [IEPEBAr, a came, iCTOTHE
CIIpOlIEHHS iX TeXHIYHOi peanizallii 3aBASKY JaHUM, [TPEACTaBIeHUM OITOBUMH MTOTOKaMHU, 3iMICHEHHS [TOCJIiIOBHOI
00pOOKY MIOTOKIB B TEMITi HATXOIKEHHS OAMHUYHUX OiT i BUCOKOIO 3aBaflOCTINKICTIO. B po6OTi yAOCKOHaNIEHO
MaTeMaTU4Hi MoJiesti 6iT-TI0TOKOBUX online-064KCII0BayYiB JTiHIMHUX, CTEIIEHEBUX, TPOOOBO-PaIliOHATBHUX
dyHKUiN Ta PyHKLINA OOYBaHHS KOPEHS MeTOOM (OPMYyBaHHS IPUPOCTIB BUCKITHUX CTYIiHYaCTUX QYHKIIiN 3
MiHimi3ali€lo MoxuokKu o6UKnCeHb. YIOCKOHATIEHO MaTeMaTUYHi Mozesi online-o64ncioBayviB ippallioHaJbHUX
dYHKILIH, 110 IpeACTaBIeH] 1eKOMIIO3UIIEI0 OTPUMAHUX MAaTEMAaTUYHUX MOJieJIell OGUMCIIOBAYiB €JIeMEHTapHUX

dyHKUiN. OTpUMany NoJaJbIINi PO3BUTOK METOAU IT0OYA0BY apXiTEKTypHUX MOJesiell 6iT-noTokoBux online-



004N CIII0BaYiB NIJISIXOM BUKOPUCTaHHS 6a30BUX KOHBEEPHUX CTPYKTYP, 110 TO3BOJIMIIO 3aCTOCYBATU €IUHUN TiAXiz,
[0 iX aBTOMAaTH30BaHOIO CUHTE3Y 3 BUKOPHCTAaHHSIM MOB OIIMCY anapaTypu. Brepiie 3arrporioHOBaHO aBTOMAaTHI
mogeJii online-o6unciioBayis, rpadoBi Mogesi IKMX JO3BOJIWIIN 3a0€311€YUTH YiTKICTh Ta HECYIIePEeYInBICTh
anropuTMiB peanisauii pyHkuUiil. Po3pobieno HDL-mogesni o6uncioBadiB y GopMi aBTOMATHOTO MAGJIOHY, 110
MOJIEJIOIThCS i cuHTe3y10Thes 3acobamu CATIP nudposux npuctpois Ha ninatdopmi [TJIIC. Po3pobieHo anapaTHy
peasizaliito 6iT-110TOKOBOTO online-o6uucioBaya creneHeBux QyHKIIiH, 1[0 BUKOHaHA Ha OCHOBI 1100y10BU
aBTOMAaTHOI MozeJi MoBOIO onucy anaparypu VHDL. [1panesgaTHiCTh ariapaTHOI MOJEI MigTBEPIKEHO [1E€PEBIPKOIO
Pe3yJIbTATiB 3a NOIIOMOro10 Bepudikallii moBeiHKOBOI MOJIeJli, aBTOMaTU30BaHUM CUHTE30M Ta iMIJIEMEHTALi€I0 B
[JIIC Xilinx. YnockoHaneHa mogiesib online-o64uciioBaya 403BOJIMIA MiHIMI3yBaTH arapaTHi BUTPATH, 10

MigTBEPIKEHO OLiHKaMU 110 KBallHy CUHTE30BaHUX MOJEJIEN.

2. The PhD thesis is focused on development of models and methods for designing hardware bit-stream online-
computers of elementary algebraic functions for the purpose of increasing calculations accuracy and speed of
devices by applying a method of forming step functions increments and fast-acting pipeline structures based on
finite-state machine, in order to develop a unified approach to their automated synthesis using hardware
description languages. Hardware bit-stream online-computers of elementary mathematical functions are widely
used in real-time control systems and have a number of advantages, namely, significant simplification of their
technical implementation due to the data being represented by bitstreams, implementation of sequential flow
processing at the rate of single bits, high noise immunity. Mathematical models of bit-stream online-computers of
linear, power, fractional-rational functions and functions of root extraction have been improved by the method of
forming increments of ascending step functions with calculation error minimization. Improved mathematical
models of bit-stream online computers of irrational functions are represented by the decomposition of elementary
mathematical functions computers' mathematical models, which allowed to expand the functionality of
reproducible functions computers. Methods of constructing architectural models of hardware bit-stream online-
computers were further developed by using high-speed pipeline structures, which allowed to apply a single
approach to their automated synthesis using hardware description languages. For the first time, hardware models
of bit-stream online computers of elementary mathematical functions based on finite state machines are
proposed. The FSM of the computer's arithmetic unit, containing the state diagram of the control automata of
Moore's model and ASM of the offered bit-stream computers containing variable computational states of
reproducible elementary mathematical functions was developed. HDL-models of machines in the form of an
automatic template were developed, modeled and synthesized on the technological platform of FPGA. The
performance of the hardware model of the power online computer was confirmed by verifying the behavioral
model, and automated synthesis and implementation on the basis of FPGA. The improved model of the online
computer allows to minimize hardware costs, which was confirmed by Quine's estimates of the synthesized
models.
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