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nporpam Ta HeipoHHUx mepex Ha I[IJIIC nJis peasnisaliil BUCOKONPOIYKTUBHUX OOUMCIIEHb KJIACiB apXiTEKTYP.

[IpenMeTOM IOCTIIKEHHS € CUCTEMA aBTOMATH3allii HAJIAINTYBAaHHS Ta FreHepallii Iporpam Il pisHUX IIaTGOPM Ta



[1K. MeToto po60TH € po3po6Ka iHCTPyMEHTAIbHUX 3aCO0iB 17181 MifIBUIEHHS e(PeKTUBHOCTI IIPOrpam [ijis KJlaciB
apXiTeKTyp BUCOKONPOAYKTUBHUX 064MCIIE€HD. [lucepTallisd Mae TaKky HayKOBY HOBU3HY: * Briepie po3po61eHo
METOJ], aBTOMAaTU30BaHOI'0 IPOEKTYBAaHHS i reHepallii IporpaM Ha OCHOBI alnre6po-ajJropuTMiuHUX MoJeiel, o
CIIPOIIy€e Ta IPUCKOPIOE PO3POOKY Ta 3aCTOCYBAHHSI HEMPOHHUX MEPEX IJIs1 KJIACiB apXiTeKTyp MPOrpaMOBaHUX
soriunux interpanpHux cxem (I1VIIC) Ta TensorFlow. * Bnepie po3po61eH0 MeTO/1 TeHepyBaHHS HEMPOHHUX MepeK
IIJIs1 HABYAHHS 3 MigKpirieHHsM Ha MoBi VHDL ayis mpuctpois IJIIC ta po6oTtu 3 ppeiiMBOpKamMu HeNpOeBOJIIOLi
HapOCTal4vo0i TONOJIOTii Ha OCHOBI pO3p06JIEHUX aNre6po-aJropuTMidyHUX MOJieJe, 10 Ja€ MOKIIUBICTb
aBTOMAaTHU3alii 4bOro MpoLecy 3a JOIOMOrO0 iHTErPOBAHOTO IHCTPYMEHTAPIIO IPOEKTYBAHHS Ta CUHTE3y TPOrpam
(ITIC). » HabyB romanbLuioro po3BUTKY METO, aBTOMATU3allil TpaHCISLii HEHPOHHUX MepesX AJ1sI Iy1aTopmu
TensorFlow Ta ii nogansumoro npoexkrysanHs Ha [1J1IC 3a paxyHOK po3p0o0OKU BifIOBiIHUX POpMabHUX
crienudikaniit. * Habysa noganporo po3BUTKY TEOPETUYHA MOZE/b CUCTEMU NIEPENNUCYBAJIbHUX TPABUII
TermWare ms1xoM BBEJI€HHSI IPABUJI IJIs1 MOBY T€PMiB, 1O O3BOJISIE TEHEPYBATH KOPEKTHY Ta
BHACOKOIIPOAYKTUBHY ITPOrpaMy Ha OCHOBi CTATUYHOTO aHaJli3y BUTOKY PECYPCIB Ta ONTUMI3alil BUIKOLII 115
nporpam Ha miatgopmi .NET. TeopeTuuHi Ta npakTy4Hi pe3yabTaTy guceprauii. IcHyodi meTonu
camoHasamtyBaHHs .NET-11porpam, sik BUSIBUIIOCS, 374,€61/IbIIOTO CIIMPAIOThCSI HA KOMIIIITOPHI onTuMisaliii abo e
HETHY4KMMHU, 3aCTOCOBYIOUKCD JIMIIE B OKPEMUX BUIaKax. [I[poTe, BUKOPUCTaHHS NE€PENNCYBaIbHUX IIPABUII IS
CaMOHaJIalITyBaHHS [IPOrPaM [I03BOJIsIE CTBOPIOBATH BUCOKOIPOLYKTUBHUM KOZ,. JOCIiIpKEHHS TI0Ka3ay, 0 Len
nigxin nepesepiye Eazfuscator.NET Ha 14,63% y 3agaui kniTuHHOTrO aBTOMarty «I'pa XUTTs». BakauBum
IOCSITHEHHSIM CTaJIO BIPOBAIKEHHS CTATUYHOT'O aHAJIi3y [IJIs1 BUSIBJIEHHS] BUTOKIB PECYPCIB 3a IOITOMOTOI0
nepenucyBajbHUX npaBui Ha miatgopmi .NET. Lle 103Bosnio 4iTKo BU3HAUMUTHU crienudikaii 1j1s nepesipku
1po6JieM BiIKPUTUX-3aKpPUTUX (PaiIiB Ta iHIINX TUIIB BUTOKIB PECYPCiB. 3allpOIIOHOBAHO TAKOXX METO],
aBTOMATM30BAHOTO NIPOEKTYBAHHS Ta FeHepallii mporpam, siKuii 6a3yeTbCs Ha anre6po-aJropuTMidYHUX MOJEJISIX. BiH
3HAYHO CITPOLIYE i IPUCKOPIOE PO3POOKY HEMPOHHUX MEPEXK [1JIs1 IPOrPaMOBAHUX JIOTIYHUX iHTETPAJIbHUX CXEM.
Okpim Toro, 6yy10 po3mMpeHo IHTerpoBaHuil iHCTpyMeHTapiil MpoeKTyBaHHs Ta cuHTe3y nporpam (II1C), axuit
BHMKOPHUCTOBYE anre6po-aaroputMmivnui nigxin ra CAA-mogpeni, ijis reHepauii BUCOKOIPOAYKTUBHOTO KOy MOBOIO
VHDL n71s 3agaui 6aaHCyBaHHS KyJbKU. Lle 5k po3mupeHHs 6yJ10 BAKOPUCTAHO /1J11 METOly HEMPOEBOJIIOL i
HapoCTalo4oi Tonosiorii Ta 3amayi 6asancyBaHHs MasiTHUKA. HaocTaHOK, BUSIBJIEHO, 110 iCHYIOYi CUCTEMU IJ1s1
re”epaii BucokonpogykrtusHoro xkoay 1 ITJIIC € HerHy4YknMu i IPUCTOCOBAaHUMU [0 OKPEMUX IIPUCTPOIB. B
pe3yJibTaTi 6yJ1I0 CTBOPEHO CUCTEMY TPAHCJIALil HEIPOHHOI Mepexi, sika 3reHepoBaHa 3a JOTIOMOT0I0 METOLY

HelipoeBoJoLii HapocTatyoi Tonosnorii, y TensorFlow ta ITJIIC cepii Xilinx Ta Intel.

2. Dissertation report: 164 pages, 4 chapters, 2 tables, 13 figures, 5 appendices, 135 sources. Keywords: optimal
strategy, modeling, system, automatic program design, auto-tuning, convolutional neural network, program
modeling, formal model, simulation, automation, artificial intelligence, neural networks, high efficiency, algebraic-
algorithmic models, programmable logic integrated circuits. The object of research is the processes of automating
self-configuration and designing .NET programs and neural networks on FPGAs for the implementation of high-
performance computing classes of architectures. The subject of research is a system for automating the
configuration and generation of programs for various platforms and PCs. The purpose of the work is the
development of tools for increasing the efficiency of programs for classes of high-performance computing
architectures. The dissertation has the following scientific novelty: ¢ For the first time, a method of automated
design and generation of programs based on algebraic-algorithmic models was developed, which simplifies and
speeds up the development and application of neural networks for classes of programmable logic integrated
circuits (PLIC) and TensorFlow architectures.  For the first time, a method of generating neural networks for
learning with reinforcement in VHDL language for FPGA devices and working with neuroevolution frameworks of
incremental topology was developed based on developed algebraic-algorithmic models, which makes it possible to
automate this process with the help of an integrated program design and synthesis toolkit (IPS). The method of
automating the translation of neural networks for the TensorFlow platform and its subsequent projection on the
FPGA was further developed due to the development of the relevant formal specifications. ® The theoretical model
of the TermWare rewriting rule system was further developed by introducing rules for the term language, which



allows generating a correct and high-performance program based on static analysis of resource leakage and speed
optimization for programs on the .NET platform. Theoretical and practical results of the dissertation. Existing self-
tuning methods for .NET applications have been found to mostly rely on compiler optimizations or to be inflexible
and only applicable in select cases. However, using rewriting rules for self-configuring programs allows you to
create high-performance code. Studies have shown that this approach outperforms Eazfuscator.NET by 14.63% in
the Game of Life cellular automaton problem. An important achievement was the introduction of static analysis to
detect resource leaks using rewrite rules on the .NET platform. This made it possible to clearly define
specifications for checking open-closed file problems and other types of resource leaks. A method of automated
design and generation of programs based on algebraic-algorithmic models is also proposed. It greatly simplifies
and speeds up the development of neural networks for programmable logic integrated circuits. In addition, the
Integrated Program Design and Synthesis (IPS) toolkit, which uses an algebraic-algorithmic approach and SAA
models, has been extended to generate high-performance VHDL code for the ball balancing problem. The same
extension was used for the incremental topology neuroevolution method and the pendulum balancing problem.
Finally, existing systems for generating high-performance FPGA code were found to be inflexible and device-
specific. As a result, a neural network translation system was created, which was generated using the incremental
topology neuroevolution method, in TensorFlow and Xilinx and Intel series FPGAs.
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