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1. Tema guceprauii NoB’a3aHa 3 aBTOMaTH3alli€l0 IPOEKTYBAHHS OOUMCIIIOBAJIBHUX 3aC06iB Ha 6a3i iHTerpajbHUX
cxeM Haasucokoi inTerpatuii (HBIC) Ta mporpamMoBHUxX JioriyHux interpansHux cxem (IVIIC). B ganuit yac
CKJIaJIHICTb MPOEKTIiB 06uncmoBanbHuX cucteM 1y HBIC ta ITJIIC mocsaria necsatkiB MinbiOHIB BeHTUIIB. [Ipuyomy
IOCi BUpIilIaJIbHY POJIb FPA€ TEXHOJIOTiS, OCHOBAaHAa Ha OIKCI IPOEKTIB Ha PiBHi periCTpOBUX Nepenay,
IIPOAYKTUBHICTb SIKOi € 06MeKeHOI. PO3BUBA€ETHCS Taly3b BUCOKOPIBHEBOTO CUHTE3Y, SIKUI I'PYHTYETLCS Ha
TPaHCJIALIl ONKUCY aJfOPUTMY B OIIMC Ha PiBHI PETiCTPOBUX Nepenad i Ha NOPAAO0K IIPUCKOPIOE IIPOEKTYBAHHS. Ajie B

HasIBHMX 32C00aX TAKOTO CUHTE3y HEOOXiIHO BPY4HY 3a[1aBaTH Napajesli3m aJrOpUTMy Ta OCOOIUBOCTI



BiJOOPa’KEHHS B ONMC OOYMCIIIOBAIBHOI CHCTEMU Ha PiBHI PEriCTPOBUX Nepefady, gKa 4acTo ofepXKye HaaMipHi
araparHi BUTPaTU 49U NIPOAYKTHUBHICTb, 110 He Bianosinae 3anaHiil. HeBinnosinHicTh epeKTUBHOCTI HasIBHUX 3aCO0iB
BHCOKOPiBHEBOI'O CMHTE3Y CKJIQIHOCTI Ta IPOJLYKTUBHOCTI OOUMC/IIOBILHUX CUCTEM, 11O ITPOEKTYIOTHCH,
[IPEeJCTaBJIsI€ aKTyaJIbHY TeXHIYHY Ipobsiemy. O64uciioBabHi cucteMu a1t uugposoi 06pobku curnaiis (LOC) e
TaKMMU CUCTEMaMHU, SIKi BUMAraroThb 1J1 cBoei peanisanii npoexrysanHst HBIC ta ITJIIC Haii6inbmoi ckaagHOCTi i
L7151 HUX 15l Ipo06JieMa CTa€ akTyasbHinown. O6’eKTOM JOCiIKeHHS € Ipolec PO3pO6IeHHS BUCOKOIIPOAYKTUBHUX
napa’sesbHUX 004K CII0BaIbHUX 3aC00iB. [IpeimMeToM IOCIiIP)KEHHS € METOIY Ta 3aCO0U POEKTYBAaHHS
CIlenianizoBaHuX 06YMCIIIOBAJIPHUX cUCTeM KoHBeepHoro tumy 1151 LIOC Ha 6a3si [TJIIC. MeToio nuceprauii €
nigBuIeHHS e(EeKTUBHOCTI IPOEKTYBAHHS KOHBEEPHUX 00YMCIIIOBAJIbHUX cucTeM Ha ocHOBi I1JIIC Ha 6asi
3aIIPOIIOHOBAHOI0 METOAY [IPOEKTYBAHHS CIlelliali30BaHUX KOHBEEPHUX CTPYKTYP Ha OCHOBi FT€HETUYHOTO
[IPOrpaMyBaHHs, SIKUH [1a€ 3MOTY IPUCKOPUTU NIPOEKTYBAHHSI KOHBEEPHUX OOUMCIIIOBAJIBHUAX CUCTEM 1 MiABUILUTH
BiIHOIIEHHS IPOAYKTUBHICTb — anapaTHi BUTPATHU 3aBIsSKU (popmaisallii IpOeKTyBaHHS i HOBUM aJrOpUTMaM
IIOIIYKY alapaTHUX pillleHb i3 MiHIMi30BaHMMU anlapaTHUMU BUTPAaTaMU IIPU 3aJaHOMY Iepiofii 06UnCIeHb.
HaykoBa HOBU3HaA po60TU. Briepie 3apornoHOBaHO METOJ, IIPOEKTYBAHHS CIIEliali30BaHUX KOHBEEPHUX CTPYKTYP
Ha OCHOBi T€HETUYHOTO IPOrPaMyBaHHS, IKUI BiIpi3HSIE€TbCS TUM, O anroputm LOC, sxuil Bino6pakaeTbCsl B
CTPYKTYPY, 3agaeTbcs npoctoposum I'CI1], 3amaya MiHiMi3allii annapaTHUX BUTPAT BUPIIYEThCS i3 3aaHUMU
4acOBMMHU OOMEKEHHSIMU 32 JOTIOMOTOI0 €BOJIIOLITHOTO MifX0AY, SIKUI [PYHTYETHCS Ha MIOJAHHI XDPOMOCOMU SIK
3akoposaHoro I'CI1]] Ta BinnoBigHUX QYyHKILiIX ii 3MiHM, a TAKOX JBOXETAITHOMY aJITOPUTMI ONTMMI3alii.
3anponoHOBaHUIl METO]], 1a€ 3MOry (POPMasli30BaHO BUPIIIYBATH 3a/1a4y CUHTE3Yy 00YMCIIIOBAJIbHUX CUCTEM IS
LOC i 3aBSKM PETyJIIOBAHHIO CTYIIEHS PO3lapaseioBaHHY aJITOPUTMY Ta MiHiMi3allil arlapaTHUX BUTPAT OJlep>KaHi
CTPYKTYpPHY MaIOTh BUCOKE CIIiBBiJHOLIEHHS IPOAYKTUBHICTh — BapTiCThb. Brieplue 3anipooHOBAaHO CIOCi6
IIPOEKTYBAaHHS peKypcuBHUX QinbTpiB Ha [1J1IC, Ik Binpi3HSETHCS TUM, IO 3aBISKU 3aCTOCYBAaHHIO METOLY
Bigo6paskeHHs npoctoposoro ['CI1/l, BUKOPHCTaHHS cxeM 6e3 6JI0KiB MHOXEHHS, a TAKOX I10IMYyKY KoedillieHTiB
dinbTpa METOOM MOZEIbOBAHOIO BifjllanioBaHHs Ta 3actocyBaHHs moBu VHDL (VHSIC (very high speed integrated
circuits) hardware description language), 3a6e3neuyeTbcs ofep>kaHHs (ibTPiB 3 MiHIMI30BaHMMU allapaTHUMU
BUTpaTaMU Ta BUCOKOIO TAKTOBOIO YacCTOTOIO. [IpakTHyHA L[iHHICTh pe3yJIbTaTiB JucepTauifiHoOi po6OTH IOJITae B
TOMY, 110 BUKOPUCTAHHSI HOBOTO METO/ly [IPOEKTYBAHHS OOUNCIIIOBAJIbHUX CUCTEM 3abe3ledye 3HUKEeHHS
TPYZOMICTKOCTi i CKOPOYEHHS TEPMiHIB OJlep’KaHHS MHOXXWHU aJlbTEPHATMBHUX ONTUMI30BaHUX CTPYKTYPHUX
pileHsb, MiHiMi3allis BAKOPUCTAHHSI OOUMCIIIOBAJILHUAX PECYPCIB, 30Kpema Nam’siTi 0041 CII0BATIbHUX CUCTEM,
PO3po6IeHHS BUCOKOE(PEKTUBHUX KOHBEEPHUX O0YNCTIOBAJIbHUX CUCTEM 0OPOOKM CUTHAJIB i3 MiHIMi30BaHUMM
arnapaTHUMU BUTPaTaMU 3a 33aHUX IIPOIYCKHOI CIIPOMOXXHOCTI I IOPSIKY ITOJAHHS JAaHUX Y BXiZTHOMY Ta
BHUXiJJHOMY IIOTOKax JaHUX. Po3pob6sieHo nporpamuuii 3actocyHok SDFCAD (synchronous data flow computer-
aided design), y sIKOMY BIIPOBaIK€HUH 3aIIPOIIOHOBAaHMM MeTO[I. Lleli 3aCTOCYHOK [ja€ 3MOTy ITPOEKTYBaJIbHUKY
onucysaru 3a gornomoroo I'CITI anroputm JOC, MOze0BaTH aJrOPUTM 3 PiI3HUMU CTEIEHSIMU Mapajlesi3My,
3abe3rnevyye aBTOMaTU30BaHM CUHTE3 004K CIIIOBAIBHOI CUCTEMH i3 33JlaHMMU BJIACTUBOCTSIMY, SIKA IPUAATHA [1JIs1
nojabLoi Komminsnii Ta Kougirypysanns B [1J1IC noBinbHOI cepii, a TakoXX BIpOBaIpKeHHs B 3aMoBiieHy HBIC.
Po3po6sieHi 3 BUKOPHUCTAaHHSIM HOBOTO METOAY IPOEKTH OOYMCIIOBATIBHIX CUCTEM, TaKi SK IIPOLeCOP AUCKPETHOTO
KOCHHYCHOTO II€PETBOPEHHS, NIPOLIeCOp AJIs WIBUAKOTO nepeTBopeHHst Oyp’e, peKypcuBHi QinbTpu, MOAyi
064KCIeHHs cuHycoinanbHux PpyHKUiN y I1J1IC, € HanamwTOByBAaHMMU OOYMCIIIOBAIbBHUMU MOZYJISIMY, SIKi ONKACAHI Ha
VHDL, MaloTb BUCOKE BiJHOLIEHHS IPOAYKTUBHICTb — anapaTHi BUTPATHU Ta MOXYTb OyTH BIPOBA/IKEHI B HOBUX
PO3po0OKax i3 MiHiMaIbHUMU JOIATKOBUMU YaCOBMMM i HiHAHCOBUMU BUTPATaMU. 3aIIPOTIOHOBAHUM CIIOCIO
IIPOEKTYBAaHHS PEKYPCUBHUX LUU(PPOBUX PiNIbTPiB BIIPOBAIKEHO Y BEO3ACTOCYHKY, SIKUI MOXKe OyTHU BiJIbHO
BUKOPUCTAaHUN Yy IIPAKTHUL IIpoeKTyBaHHA npucTpoiB LHOC.

2. The topic of the dissertation is related to the computer-aided design of very large scale integration (VLSI)
application specific integral circuits (ASICs) and field programmable gate arrays (FPGAs). Currently, the complexity
of the processing systems in ASIC and FPGA has reached tens of millions of gates. And still, the design technology
based on the register transfer level (RTL) description of projects plays the main role. But its productivity is limited.
The field of high-level synthesis (HLS) is spreading. It is based on the translation of the algorithm description into



the RTL description and speeds up the design by an order of magnitude. However, in the existing HLS tools, it is
necessary to control manually the algorithm parallelism and the constraints of mapping the processing system
structure to the RTL-description. Such a synthesis often leads to excessive hardware costs or performance that
does not meet the limitations. The discrepancy between the inefficiency of the existing HLS tools and needed
hardware volume and performance of the designed system is an urgent technical problem. The digital signal
processing (DSP) system is a system that requires the most complex implementation in ASIC and FPGA, and this
technical problem becomes even more relevant now. The object of the research is the design of the high-
performance parallel processors. The subject of the research are the methods and tools for the design of the
application-specific pipelined DSP processors based on FPGA. The goal of the dissertation is to increase the
efficiency of mapping DSP algorithms into parallel computational systems based on FPGA. The efficiency is
increased by the proposed application-specific pipelined structures design method based on the genetic
programming. This method helps to accelerate the design of a pipelined processing system and to improve its
quality through formalization and automation of the design, and use of new hardware optimization algorithms. The
scientific novelty of the work. A method for application-specific pipelined structures design based on the genetic
programming is proposed. The method differs in that the DSP algorithm, which is mapped into a structure, is given
by a spatial SDF, the hardware minimization problem is solved with the given time constraints using an
evolutionary approach based on the representation of a chromosome as an encoded SDF and the corresponding
functions of its change, as well as a two-stage optimization algorithm. A method of the IIR filter design based on
FPGA is proposed. The method differs in that the use of the spatial SDF mapping method, and the multiplier-free
circuits, as well as the filter coefficient search using the simulating annealing method, and the use of VHDL
language provide the deriving of the filters with minimal hardware costs and high throughput. The practical value
of the dissertation results is that the use of a new method of the processing system design provides a reduction of
both complexity and time of obtaining a variety of alternative optimized structural solutions. It improves the
resource utilization effectiveness and processing system memory volume, provides the development of highly
pipelined DSP processing systems with minimized hardware costs for a given bandwidth. Besides, it provides the
natural order of data in input and output data streams. The developed SDFCAD software framework implements
the proposed method. This application allows the designer to describe the DSP algorithm using the SDF model
providing the different degrees of parallelism, automated synthesis of processing systems with specified
properties. The resulting processing system description is suitable for further compilation and configuration in
FPGA of any series, as well as for implementation in ASIC. Newly developed processing system projects, such as
DCT processor, FFT processor, recursive filters, sine wave generating modules configured in FPGA, are
customizable IP cores that are described in VHDL and have a high performance- hardware cost ratio. They can be
built in the new projects with minimal additional time and financial costs. The proposed method of designing the
recursive digital filters is implemented in a Web application that can be freely used in the practice of designing the
DSP devices.
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akagemii HayK YKpainu

Kopg 3a €IPIIOY: 05417176

MicueSHaXOA)KCHHﬂ: npocnekT Akanemika ['nymkosa, 6yn. 40, Kuis, 03187, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Topgienko IOpiut I'puroposuy

2. Gordienko Yuri

KBasidikanis: . ¢.-m. 1., crapmuii HaykoBuii criiBpo6iTHUK, 01.04.13
Imentudikarop ORCID ID: 0000-0003-2682-4668

JoaparkoBa iHpopmauist: https://scholar.google.com.ua/citations?user=mnJFS3sAAAAJ&hl=uk;
https: / /www.scopus.com /authid /detail.uri?authorld=6701855242

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepeuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BIaCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. KinaryeHko fpocnaB Muxannosuy

2. Yaroslav Klyatchenko

KBasigikamis: . t. u., gouenrt, 05.13.05
InenTudikarop ORCID ID: 0000-0003-4236-4059

JoparkoBa iHdopmanist: https://scholar.google.com.ua/citations?hl=uk&user=LWYsx7QAAAAJ;
https: / /www.scopus.com /authid /detail.uri?authorld=55962506500



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

Cripenko Ceprit I'puroposud

Cripenko Cepriii ['puroposuy

MosiyaHoBa AHacTacig AHaToJtiiBHa

VKpIHTEI

Opuenko Tetsana AHaTosiiBHa



