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1. Inceprariiina po60Ta IPUCBIYEHA YIOCKOHAJIEHHIO METOZiB 00YMCIIEHHS eJleMEeHTapHUX PYHKLIH, sKi Ha
ChOTOZHILIHIN IeHb BUKOPUCTOBYIOTHCS [IEPEBAXKHO Y IM(POBUX allapaTHUX 3ac06axX HaliBIPOBiJHUKOBOI TEXHIKH.
OcCHOBHI 3aBIaHHS B JOCJIIIKEHH] [1OJIArany y MigBUILIEHH] MBUAKOLII aIfOPUTMIB LIISXOM ONTUMI3aLii
BHMKOPHCTOBYBAaHUX CTPYKTYP [JIs1 JOCSITHEHHS HYDKYMX 3HAY€Hb JIATEHTHOCTI (i, BiATIOBIIHO, KiJIbKOCTi TaKTiB), a
TaKOX [1OKpallleHHs IIOKa3HUKIB pecypCOEMHOCTI ITpy peastizallii aropuTMiB 3a JOIIOMOIOI0 allapaTHUX 3aCO0iB.
3anponoHoBaHi MeToau 6yJu peai3oBaHi K Ha IPOrpaMHOMY PiBHi 17151 IPOLIECOPHUX apXiTeKTyp Pi3HOrO PiBHS

CKJIa,[[HOCTi, TaKk i3 AOIIOMOTO10 ITPOTrPaMOBaHUX JIOTiYHUX iHTeraJIbHI/IX CX€EM, 110, B CBOIO 4€EPTry, 003BOJIAE



3[iICHUTY IOPTYBAHHS PO3PO0JIEHUX METO/IB Y iHTerpasbHy cxemy. OnucaHi IpONOHOBaHI METOU, CIIOCO6H iX
OJlep>KaHHS Ta IIpeJCTaBJIeHHs y BUIJISAAL cxeM Ta rpadikis. [TokasaHo repesaru Ta cy1abKi Miclisi METOIB, 10
BMHUKAIOTh Y1 MOXKYTb BUHUKHYTH B Tiil UM iHIIiN KOHQirypalii KiHIjeBoro o6s1aiHaHHs Y¥ TOTOBOI'O IIPOLYKTY.
[TogaHo cnoco6w, 3a JOIOMOTrOIO SIKUX CTa€ MOKJIMBUM ITPUCKOPUTHU 2060 CIIPOCTUTHU iCHYIOUYi METOIA OOYUCIIEHD,
MiJBUIIUBUIY iX IBUAKOIIIO YY1 3MEHIIMBIIMN JIATEHTHICTh Ta PECYPCOEMHICTb. ONMCaHO NMPOLLEC BUBEEHHS
3aj1iexxHocTel Ta popmysl. HaBeneHO 6J10K-CXeMU aJITOPUTMIB, FiCTOrpamMu po3Ioiny pe3yJbTaTiB. 3alipoOHOBaHi
HOBI MiZIX0AM Ta WJISIXA 004YMCII€HHS (PYHKLIN, HaBeAeHi iX JIoriuHi cxemMu Ta 37iliCHEHO 3iCTaB/IeHHSI TOYHOCTI
004MCIIEHb 3aJIEXKHO Bifl CKJIaIHOCTI peani3allii BUOpaHOTo MeTony. 3HauHy yBary npugineHo merony CORDIC, 3a
IIOTIOMOTOIO SIKOTO MOXKHA 00YMCIIIOBATH Taki PYHKLI], SIK: CUHYC, KOCUHYC, TAHI'€HC, €KCIIOHEHTY, KBaAPaTHUI
KOpiHb, rinep06oJiiuHi Ta 06epHeHi TpUroHOMeTpUYHi PyHKLii. BpaxoByiouwy, 1o HalbinbIMi iHTepec i3
IIpeICTaBI€HNUX (PYHKLIN CTAHOBUTb OOUMCJIEHHSI CUHYCA Ta KOCHHYCA, MiJl 4ac MPaKTUYHOI peasisallii MEeTOiB
3aJ1€KHO BiJl KOHTEKCTY [1OCTaBJIEHOI 3a4a4i 17151 [eMOHCTPaLlii po60TH BUKOPUCTOBYIOTbCS came Li PpyHKii. [Tpu
BUKOPUCTaHHI KIIACUYHUX METO/iB TOYHICTh 00YMCIIEHb 3aJIESKUTD Bifl PO3PSIHOCTI OnepaH/iB Ta KiJIbKOCTi
3niicHeHuX itepauin. [Ipy HEBENMKUX KIJIBKOCTAX iTepaliil BCi BXifiHi Ta BUXiHI 3HAaYEHHS MOXKHA 3a1aBaTH Y
BUIJISZ] TabaMLi, po3MillleHoi B mam’aTi. TaKo>X BpaxOBYEMO, 10 y TIEPEBAXKHIN 61/IbIIOCTI IPUCTPOIB LOCTYIIHUM €
NesTKUH, X04 i HE3HAYHUM OOCSAT Mam'sITi, IKAI1 MOSKHA BUKOPUCTATH [IJIsI IPUCKOPEHHS POOOTHU OiIbIIOCTI METOMIB.
[Tpryomy edexT 6ye BifuyTHUM i y BUNAIKY, SIKIIO OOCAT BUIJIEHOI TaM’sITi CTAHOBUTD COTHI X HaBiTh JI€CSITKU
6aiiT (onepaTUBHOI YU (Jiem IaM’sITi y BUNAIKy BUKOPUCTaHHSI MiKpOKOHTPOJIEPa). ABTOPOM 3alIPOIIOHOBAHO HOBI
METOJI 3HAKO3MIHHOTO Ta 6€33HaKOBOTO [1ePEeKOAYBaHHS BXiTHOTO apryMeHTY, SIKi al0Th 3MOTy F'HYYKO 3MiHIOBAaTU
o0csr nam’siTi, YMCIo iTepalliil i, BillloBiAHO, anlapaTHi 3aTpaTy. 3IilICHIOEThCS arlapaTHa peasisallis po3rssHyTUX
MeTofiB Ha miatdopmax IJIIC. AHasizyeTbCst OCTYIIHA HA CbOTOAHI anapaTHa 6asa 1715 ix iMIlyleMeHTalji Bif,
BUPOOHUKIB Intel (Altera) ta Xilinx. Po3rsisiHyTi ocobnuBocti Bubpanux I1JIIC, crienudika anapaTHoi peanizanii
aJITOPUTMIB, 30KpeMa, BILJIUB apXiTeKTypu Ta iHTerpoanux 6s10kiB [1JIIC Ha PyHKIiOHANBbHICTD peasi3oBaHUuX
MeTogiB. HaBeieHi cxemu MPOIIOHOBAHUX aJITOPUTMIB HA PiBHI PEriCTpOBUX Ilepeniayd Ta BEHTUJIbHOIO PiBHS HA
eTarli ix po3MimenHs (QiTiHry) B KpucTami. PO3IJsIHyTO Crioco6u ONTHMI3alii aIropuTMiB B yMOBax BUKOPUCTAHHS
KOHKPETHOI IJ1aT(OPMU Ta 3aJI€XHO BiJ] BepCii Ta HalalTyBaHb CEPEAOBUIL PO3poOKU. HaBeneHi pe3ysibraTu
iMriemeHTanii metoniB 6e3nocepenHbo B [TJIIC 3 O1LiHKOIO iX BUXiHUX XapaKTEPUCTHK, TAaKUX, IK MaKCUMaJIbHa
TaKTOBA YaCTOTa, PECYPCOEMHICTb Ta EHepro3aTpaTHicTb. Bepugikallist KOpeKTHOCTi PYHKIiOHYBaHHS aJITOPUTMIB
3iMICHIOETBCS 5K 32 JOIIOMOTOIO iMiTallilHOrO MOJIEIIOBAaHHS, TaK i Iicys 3aMipy (i3WYHUX MOKA3HUKIB Ta AAHUX,
OTPUMaHUX B Npoleci TecTyBaHHs 3arporpamosanoi [1JIIC. 3HauHy yBary npuaisieHo MoaudikoBaHOMy METOY
3HAKO3MiHHOI'O II€PEKOIyBaHH - 6€33HaKOBE NIEPEKOIyBaHHSI, B SIKOMY BCi apT'YMEHTU NIPUIIMAIOTh JIMIIE NOAATHI
BEJINYMHY, IO J03BOJISIE CIPOCTUTU peasli3allilo aIrOPpUTMY Ta HEOOXiMHI AJ1s1 LIbOTO allapaTHi pecypcH 3i
36epeskeHHsIM TIepeBar Migxoay rnepexkoayBaHHs. OCHOBHUM IapaMeTPOM, IO IEMOHCTPYE IepeBaru
IIPOIIOHOBAHOI'O AJITOPUTMY, € JIATEHTHICTb, sIka 00€PHEHOIIPONOPIIiiiHa TAaKTOBIN YaCTOTi Ta 3aJI€KUTh BiJl KiJIbKOCTI
TaKTiB, HEOOXiNHUX 117151 064K ceHHs (PyHKLii. KisbKiCTh TakTiB, y CBOIO 4€Pry, MOXE 3MiHIOBAaTACh 3aBASKU 3MiHAM
po3mipy BuzineHnoi nam’sti. ITopiBHSIHHS pe3yJIbTaTiB METOY NepeKoyBaHHs A m1ardopmu Xilinx 3zilicHeHO i3
MTPOITIOHOBAHO BUPOOHUKOM immisieMeHTanieo 1P 6ibmiorekun CORIDC. Ilnsg rmiatrdopmu Intel mopiBHSIHHS

371ifICHIOBAJIOCH i3 BOY10BaHOIO MerayHKI€lo.

2. The dissertation is devoted to the improvement of methods for calculating elementary functions, which today
are used mainly in semiconductor equipment. The main tasks in the study were to increase the speed of
algorithms by optimizing the structures used to achieve lower latency (and, consequently, the number of cycles),
as well as improving the resource-intensity indices when implementing algorithms using hardware. The proposed
methods were implemented at the software level for processor architectures of different complexity levels, and
with the help of programmable logic integrated circuits, which allows the porting of the developed methods to the
system on a chip. The advantages and weaknesses of the methods that appear or may arise in one or another
configuration of the final equipment or in the final product are shown. The ways in which it is possible to
accelerate or simplify existing computational methods, increase their speed, or reduce latency and resource
intensity is represented. The process of deducing dependencies and formulas is described. The block diagrams of



algorithms, results distribution gistographs are presented. New approaches and ways of calculation of functions
are offered, their logic diagrams are represented and the comparison of the accuracy of calculations is carried out
depending on the complexity of the implementation of the chosen method. Considerable attention is paid to the
CORDIC method by which one it is possible to compute functions such as sinus, cosine, tangent, exponent, square
root, hyperbolic and inverse trigonometric functions. Taking into account that the great interest in the presented
functions is the calculation of sinus and cosine in the practical implementation of methods depending on the
context of the problem, the functions used to demonstrate the work are done. When we using classical methods,
the accuracy of calculations depends on the number of operands and the number of iterations performed. In small
quantities of iterations, all input and output values can be set in the form of a table placed in memory. Given that,
for the vast majority of devices, some memory, though insignificant, is available, can be used to accelerate the
CORDIC method. Moreover, the effect will be noticeable if the volume of allocated memory is hundreds or even
dozens of bytes (operating or flash memory in the case of microcontroller). The author proposes a new method for
the conversion of the input argument into an alternate, which allows flexible change of the memory for the look-
up table and the number of iterations. The hardware implementation of the considered methods on the FPGA
platforms is carried out. Analyzed the available hardware base for their implementation from Intel (Altera) and
Xilinx manufacturers. The features of selected FPGAs, the specifics of the hardware implementation of algorithms,
in particular, the influence of architecture and integrated FPGA blocks on the functionality of the implemented
methods are considered. The schemes of the offered algorithms on the level of register gears and the low level at
the stage of their placement (fitting) in the crystal are given. The methods of optimization of algorithms in terms of
use a specific platform and depending on the version and settings of the development environment are
considered. The results of impetence of methods directly in the FPGA with the estimation of their initial
characteristics, such as the maximum clock frequency, resource intensity and energy consumption are given. The
verification of correctness of algorithms functioning is carried out both by means of simulation modeling, and after
measurement of physical indicators and data obtained during the testing of the programmed FPGA. Considerable
attention is paid to the modified method of alternating transcoding - unsigned transcoding, in which all arguments
take only positive values, allow simplification of the implementation of the algorithm, and necessary hardware
resources for this, while preserving the advantages of the transcoding approach. The main parameter
demonstrating the advantages of the proposed algorithm is the latency, which is inversely proportional to the
clock frequency, and depends on the number of steps required to calculate the function. The number of cycles, in
turn, may change due to the change in the size of the allocated memory. Comparison of the results of the
undocumented conversion method for the Xilinx platform was carried out with the proposed implementation by
the CORIDC IP library. For the Intel prototype, a comparison was made with the built-in megafunction.
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