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1. Incepraniiina po60Ta IPUCBIYEHA Y OCKOHAJIEHHIO METOiB OOYMCIIEHHS €JIEMEHTApHUX (PYHKLIiM, SIKi Ha
CbOTOJIHIIIIHIi J€Hb BUKOPUCTOBYIOTbCS IEPEBAXKHO y UM(POBUX allapaTHUX 3aCO0aX HAMiBIPOBIAHUKOBOI TEXHIKU.
OCHOBHI 3aBJaHHS B NOCJIIIKE€HH] [TOJIITany y NiJBULIEHH] MBUAKOLII aJITOPUTMIB IIJISIXOM ONTUMI3alii
BHMKOPHCTOBYBAaHUX CTPYKTYP [JIs1 JOCSITHEHHS HYDKUMX 3HaU€Hb JIATEHTHOCTI (i, BiTIOBiHO, KiJIbKOCTi TaKTiB), a
TaKOX [NOKpaLIEHHs IIOKa3HUKIB pECYPCOEMHOCTI IIpY peastizallii aIrOpUTMIB 32 JOIIOMOrOIO arlapaTHUX 3aCO0iB.
3anpornoHoBaHi MeToau 6yJu peai3oBaHi K Ha IPOrpaMHOMY PiBHI 17151 IPOLIECOPHUX apXiTeKTyp Pi3HOrO PiBHS
CKJIQJHOCTI, TaK i 3 JOTIOMOTOI0 IIPOrPaMOBAHUX JIOTIYHUX iHTETPaJIbHUX CXEM, 110, B CBOIO Y€Pry, IO3BOJISIE
3[iAICHUTY NTOPTYBaHHS PO3POOJIEHUX METO/IB Y iHTErpasibHy cxemy. OmnucaHi IPONOHOBaHiI METO/IU, CIIOCOOM iX
OZlep>KaHHS Ta IIPeICTaBJIeHHs y BUIIIAAL cxeM Ta rpadikis. [TokasaHo nepesaru Ta cy1abKi MiCcLisi METOIIB, 110

BMHUKAIOTh Y1 MOXKYTb BUHUKHYTH B Tiil UM iHIIiN KOHQirypauii KiHIjeBoro o6s1aiHaHHs Y4 TOTOBOT'O IIPOLYKTY.



[TogaHo crioco6u, 3a JOIOMOTOIO SIKUX CTa€ MOXJIMBAM IIPUCKOPUTHU ab0 CIIPOCTUTH iCHYIOYi METOAM OOUNCIIEHD,
MigBUIIMBIIN iX MIBUAKOLIIO YA 3MEHIIMBIIY JIATEHTHICTb Ta PECYPCOEMHICTh. ONNMCaHO NPOLEC BUBEIEHHS
3aj1exXHOoCTel Ta popmysl. HaBesieHO 6J10K-CXeMU aJITOPUTMIB, TiCTOrpamu po3IOiny pe3yJbTaTiB. 3alipOOHOBaHI
HOBI MiZIX0AM Ta IJISIXA 00YMCIIEHHS (PYHKLIN, HaBeAEHi iX JIOTiuHi cxeMu Ta 37iliICHEHO 3iCTaBJIEHHSI TOYHOCTI
064KCIIeHb 3aJIeKHO Bif] CKIIAAHOCTI pearizalii BubpaHoro MeTony. 3HauHy ysary npugizeHo metony CORDIC, 3a
IOTIOMOTOIO SIKOT'O MOXXKHA O0YMCIIIOBATH Taki PYHKII], SIK: CUHYC, KOCUHYC, TAHI'€HC, €KCIIOHEHTY, KBaJApaTHUMI
KOpiHb, rinep06oJIiyHi Ta 06epHEH] TPUTOHOMETPUYHI PyHKLii. BpaxoBylouwy, o HaibinbIIMi iHTEpec i3
IIpeCTaBIeHNX (QYHKILiN CTAHOBUTh OOYMCIIEHHS CUHYyCa Ta KOCUHYCA, I1iJ] Yac NIPaKTUYHOI peanisalii meToniB
3aJIEXKHO Bii KOHTEKCTY I10CTaBJIeHOi 3a5iavi JJ1s1 IeMOHCTpalii po60TH BUKOPHUCTOBYIOThCS came 1i PyHKil. [Tpu
BUKOPUCTaHHI KIIACUYHUX METO/iB TOYHICTh 00UYMCIIEHb 3aJIESKUTD Bifl PO3PSIHOCTI OnepaH/iB Ta KiJIbKOCTi
3piicHeHuX iTepauii. [Ipy HEBENMKUX KIJIBKOCTAX iTepaliil BCi BXifiHi Ta BUXiHI 3HaYEHHS MOXKHA 3aaBaTH Y
BUIJISAI TabsuLi, po3MileHoi B nam’sTi. Takosk BpaXOBYEMO, 110 Y ITepeBakHil 6i/IbIIOCTi MPUCTPOIB LOCTYIIHUM €
NesIKUH, X0Y i HE3HAYHUM 0OCSAT Mam sITi, IKA1 MOSKHA BUKOPUCTATH [1J1s IPUCKOPEHHS pOOOTHU Gi/IbIIOCTI METOMIB.
[Tpruomy edexT 6ye BifuyTHUM i y BUNIALIKY, SIKILO OOCAT BUIJIEHOI IaM'sITi CTAHOBUTD COTHI UM HaBiTh I€CSITKU
6aiiT (oriepaTUBHOI YU ¢yiem naM’aTi y BUMaIKy BUKOPUCTaHHS MIKPOKOHTPOJIepa). ABTOPOM 3allPOTIOHOBAHO HOBI
METOJIY 3HAKO3MIHHOT'O Ta 6€33HaKOBOTO [1epPeKOIyBaHHS BXiTHOTO apryMeHTY, SIKi al0Th 3MOT'y F'HYYKO 3MiHIOBaTU
o0cCAr nam’siTi, YMCIo iTepalliil i, BilIOBiAHO, anlapaTHi 3aTpaTy. 3IilICHIOEThCS allapaTHa peaisallis po3rissHyTUX
MeTogiB Ha mnatgopmax IJIIC. AHasnizyeTbCst OCTYIIHA HA CbOTOHI anapaTHa 6asa 171 ix iMIlJleMeHTali Bif,
BUPOOHUKIB Intel (Altera) ta Xilinx. Po3rsisnyTi oco6nusocti Bubpanux [1JIIC, crienndika anapaTHoi peanizaii
aJITOPUTMIB, 30KpeMa, BILJIUB apXiTeKTypu Ta iHTerpoaHux 6s10kiB [1JIIC Ha ¢pyHKIiOHANIBbHICTb peasli3oBaHUX
MeToniB. HaBeneHi cxemu IpONIOHOBAaHMX aJITOPUTMIB Ha PiBHI PETiCTPOBUX I€pefayd Ta BEHTUJIbHOIO PiBHA Ha
eTari ix po3mMiuieHHs (QiTiHry) B KpucTasi. PO3risgHyTO Crioco6u onTumizallii anropuTmiB B yMOBax BUKOPUCTaHHS
KOHKpeTHOI I1aT¢OpMU Ta 3aJIEXKHO Bif Bepcii Ta HaJalTyBaHb cepeloBUll po3pobku. HaBeneHi pesyibraTi
iMmniemeHTanii metoniB 6esnocepenHbo B [1JIIC 3 O11iHKOIO iX BUXiAHUX XapaKTePUCTHUK, TaKUX, IK MaKCUMaJIbHa
TaKTOBA YaCTOTA, PECYPCOEMHICTb Ta €HEpPro3aTpaTHiCTb. Bepugikallist KOpeKTHOCTI (PYHKIiOHYBaHHS aJITOPUTMIB
3MiMICHIOETHCS SIK 32 JOTIOMOTOIO iMIiTaliitHOrO MOZEJIIOBaHHS, TaK i Micis 3amMipy Gi3nYHNX MTOKA3HUKIB Ta JaHUX,
OTPUMaHUX B IIpoleci TecTyBaHHs 3arporpamosaHoi [1JIIC. 3HauHy yBary npusisieHo MoaudikoBaHOMy METOLY
3HAKO3MiHHOI'O IIEPEKOIyBaHH - 6€33HaKOBE NIEPEKOIyBaHHS, B IKOMY BCi apT'YMEHTU NIPUIIMAIOTh JIMIIE NOAATHI
BEJINYMHUY, 11O AO3BOJISIE CIPOCTUTH Peai3aliio aJropuTMy Ta HeOOXiHi [J1s1 IbOTO arapaTHi pecypcH 3i
30epeskeHHsIM TIepeBar Migxoay rnepexkonyBaHHs. OCHOBHUM IIapaMeTPOM, IO IEMOHCTPYE IepeBaru
IIPOIIOHOBAHOI'O AJITOPUTMY, € JIAaTEHTHICTb, sIKa 06€PHEHOIPONOPIIiiiHa TAKTOBIl YaCTOTi Ta 3aJ1€KUTh BiJ| KiJIbKOCTI
TaKTiB, HEOOXiIHUX 17151 064K CaeHHs (PyHKLUii. KisbKiCTh TaKTiB, y CBOIO 4€Pry, MOXE 3MiHIOBAaTUCh 3aBASKU 3MiHAM
po3mipy Buzinenoi nam’siti. [TopiBHSIHHS pe3yJIbTaTiB METOY NepeKoyBaHHs A m1atdopmu Xilinx 3aiiicHeHO i3
MIPOITIOHOBAHO BUPOOHUKOM imMmiieMeHTanieto IP 6ibmioreku CORIDC. Ins iiatdopmu Intel mopiBHSIHHS

371ifICHIOBAJIOCH i3 BOY/I0BaHOIO 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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