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1. TlomupenHs iHpOpMaLiiHUX TEXHOJIOTIN HEPO3PUBHO NOB'SI3aHE 3 PO3BUTKOM KOMITIOTEPHUX CUCTEM,
eJleMeHTHO]i 6a3u, Ha sIKiil BOHU 6a3yI0ThCSsl, Ta YAOCKOHAJIEHHSIM MiZIX0/iB 4O BUPIlIeHHs 33724 B rajuysi
iHpopMaLiiHMX TEXHOJIOTIi (XMapHi 064KCIIEHHS, [HTEpHET pedeli, CUCTEMU CYITyTHUKOBOTO 3B’13Ky TOLIO). Bif,
edeKTUBHOCTI PYHKILIOHYBaHHS TPOrPAMHOTr0 Ta allapaTHOTO 3a6e3MeYeHHs] KOMITIOTEPHUX CUCTEM 3aJI€KUTD i
epeKTUBHICTb pilieHpb Takux 3a1a4. OfHi€lo 3 33124, 0 BUPIMYIOTh iHQOpMaLiliHi cuCTeMH, € 06pOOKa MepesKeBUX
IIaKeTiB, IiJ| SIKOI0 MAEThCS HA YBa3i JIEKCUYHMII Ta CUHTAaKCUYHUI aHaJi31 MEpEXKeBUX I1aKeTiB, TOOTO, ix
rpaMaTUYHUN Po36ip, Ta OTPMMAHHS JAHUX i3 HUX. B 3a7e>XHOCTI Bif (popMary MakeTy Ta Bifi CTANOCTi LIbOTO
dbopmary, po3bip MepekeBUX IIaKeTiB BiiOyBaeTbCs IPOrpaMHUMH, allapaTHUMU a60 KOMOIHOBAaHUMM CUCTEMaMU

poz6opy. Hanpukiiag, nosigomyeHHs y popmati XML, KUl € CTajuM i perjiaMeHTyeThCsl CTAaHIAPTU30BaHUMU



BepCisiMHU, IIMPOKO BUKOPUCTOBYIOThCS Y BebcepBicax. [IpoTe, 0OKpiM KOpeKTHOCTI camoro ¢popmary, XML-
IOKYMEHTH TaKO>XX MAlOTh BiTIOBIATU [I€sIKill FpaMaTHlli, BUSHAYEHIN IEBHOIO MOBOIO ONUCY rpamaTuK XML.
Ha6opu rpamaTtuxk XML y Bebcepsicax, siki MOKYTb BMilllyBaTH TUCSYi €K3eMIJISIPiB, 4aCTO 3MiHIOIOTBCS, 11O
IIPU3BOJUTH 10 OOMEKEHOCTI, 200 HEMOXJIMBOCTI BUKOPUCTAHHS €(DEKTUBHUX CYTO allapaTHUX CUCTEM 0OpPOOKU
XML-nokymeHTiB. Tomy HaityacTime po36ip XML-10KyMeHTIB BiiOyBa€eTbCs IPOrPaMHO. Y CepeoBUIIi XMapHUX
o6uucieHb po3bip XML-70KyMeHTiB BUMarae 3HaYHUX OOUKC/IIOBAJIbHUX pecypciB. Jlesikuil yac TOMy BiH CIIOXKUBAB
Maibke 30% dacy 06po6Ku 3anuTiB 1o cepBepiB. OKpiM TOTro, KiZIbKiCTh TPAH3UCTOPIB Y IIPOLiecOopax Oisblie He
3MiHIOBaTUMETBCS TaK UIBUIKO, K 1€ 6yJIO paHille 3riflHO 3 3aKOHOM Mypa Ta 3akoHOM JleHHapza. BinnosigHo i
IIPOYKTUBHICTH CYyTO IIPOrPAaMHUX CHCTEM HE MO>KE B IIOJaJbIIoMy OyTU 36i/bliIeHa 3aB]IsIK1 OHOBJIEHHIO
IIPOLIECOPIB Ha cepBepax 3 Ti€lo XK MIBUJIKICTIO, sIKa 6yJia paHille, 110 MOKe IIPU3BECTH 10 TIOCTYIIOBOTO 36i/1bLIEHHS
4yacy 3aTPMMKHU I1py 06po61i 3anuTiB 0 cepBepiB. O6'€KTOM NOCIIiIPKEHHS € IPOLeC PaMaTUYHOro po360py pedeHb
(dopmanbHUX MOB. [IpegMeTOM AOCiIKEHHS € METOIU, CIIOCOOU i 3acO6M anapaTHOro Ta NPOrpaMHO-anapaTHOro
rpaMaTUYHOTO po360py MEPEKEeBUX NIAKETiB, a TAKOXK METOIM i 3acO0M NPOEKTYBaHHS TaKUX 3ac06iB. MeTo10
IYCEepTaLifHOi pOOOTH € PO3LIMPEHHS MOXJIMBOCTEN 3 [IEpEHAAITyBaHH allapaTHUX 3aCO0iB paMaTUYHOrO
pPO360py MepeKeBUX MAKEeTiB HAa pOOOTY 3a iHIIMM aJIrOPUTMOM po360py ab0 MiATPUMKY iHIIOro HA6OPY rPAMAaTHUK 3
IOCSATHEHHSM CIiBMipHMX [TOKa3HUKIB MBUIKOII Ta allapaTHUX BUTPAT y NOPiBHAHHI 3 iCHYIOUMMU anlapaTHUMU
napcepamu Ha npukiagi po3dopy XML-nokymeHTiB. HaykoBa HOBU3HA JucepTaliifiHOi poOOTH I10JIIrae B
HACTyNHOMY: 1. 3allpONIOHOBAHO BI,OCKOHAJIEHHS METOJly ITPOEKTYBAHHS allapaTHUX 3aCO0iB 11711 po300py
MepEeXXEeBUX MMAKETIB HA OCHOBI CTEKOBUX CKIHYEHHUX aBTOMATIB. BIOCKOHAaIEHNIT METO BillPi3HSETHCS Bill HASIBHUX
BHUKOPHCTaHHSM IIPOrPaMHO-aNapaTHOro IpeiCcTaBAeHHs CKiIHY€eHHOrO aBTOMATy rpaMaTU4HOro po36opy, 110 Jae
3MOTY IMHAMI4YHO 3MiHIOBAaTH aJITOPUTM 260 MHOKMHY I'PaMaTuK, 3a SIKUMU BiJI0yBa€eTbCs po30ip, MPOTIrOM
KOPOTKOTO TepMiHy. 2. Biepiie 3anipONIOHOBAHO CIIOCI6 MPOEKTYBAaHHS CTEKOBUX apPXiTEKTYp /1J1 IPOrPaMHO-
araparHoi peasizalii rpaMaTUYHOro po360py, SIKUM BiIpi3HSIETbCS THUM, 10 40 6a30BOi CTEKOBOI apXiTeKTypU
Ipolecopa 3 BOMa CTEKaMU BKJII0YAIOThCA JOLATKOBI CTEKU i CIIeliabHi KOMaHOM, 3aBISKN YOMY IOCSITA€ThCS
[IPUIIBUAIMIEHHS] TPAMaTUYHOTO PO300pY Y MOPIiBHSHHI 3 IPOrPaMHOI0 peaisalielo. 3. 3 BUKOPUCTAHHIM
3aIPONIOHOBAHOTO METO/ly IIPOEKTYBAHHS BIIEPILIE CTBOPEHO 06UMCIIIOBAIbLHY CTPYKTYPY Mapcepa, sika Ha BiIMiHy
Bif] BITOMMX CTPYKTYP KPiM KOMIIJIATOpA FPaMaTyK MIiCTUTH CIIeliasli30BaHUI CTEKOBUY MIPOLIECOP, 10 peaidye
aJanToBaHMM J1s1 IPOrPaMHO-aNapaTHOTO BUKOHAHHS aJITOPUTM rPaMaTU4HOro po36opy XML-OKyMeHTIB 1151
33JaHOTO HabOpy IrPaMaTuK, 32 PaXyHOK 4OTo 3a0€311e4y€eThCsl MOKJIMBICTh IMHAMIUYHOI 3MiHU alrOPUTMY pO360py
abo HaboOpy MiATPpUMYBaHUX TPaMaTuK. 4. Briepiie oTpuMaHO aHaliTUYHE TIPEeCTaBIeHHS PO3PaxyHKY MBUIKOAI
IIPOrpaMHO-aINapaTHOro Iapcepa, CIIPOEKTOBAHOTO 32 3aIIPOIIOHOBAHUM METOJIOM, SIKE Ia€ 3MOTY BUKOHATH OLIHKY
KiJIbKOCTi TaKTiB BUKOHAHHS p0O360py, B 3aJIEXKHOCTI Bifi HA00pY NiATPUMYBaHUX rpaMaTuk. [IpakTryHa LiHHICTb
pe3yJIbTaTiB AUCEPTALlii [TOJISITae B TOMY, 110 BUKOPUCTAHHS PO3PO06JIEHOTO METOAY 11 IPOEKTYBAHHS
cIlelliasi3oBaHUX OOYMCIIIOBAYIB JJ1s1 IPOrpaMHO-anapaTHOro rpaMaTuyHoro po3oopy XML-moKyMeHTIiB Ha 6a3i
[JIIC sk Ha cepBepax, Tak Ha BYy3JI0BUX IIPUCTPOSIX IHTEpHETY pedell, acTb 3MOTy CKOPOTUTH SIK YacC IIPOEKTYBAHHS
napcepiB MepeXeBUX MAKeTiB, TaK i 06po6Ky XML-IOKYMEHTIB, a TaKO>K 3MEHIIATY allapaTHi Ta eHepreTuyHi
BUTpATH, HEOOXIiZHI 1151 06pOOKY LUX JOKYMEHTiB. Po3po6iieHa 3a HOBUM CIIOCOOOM CTEKOBa apxiTekrypa SM16 i
OJIHOVIMEHHUI1 CTEKOBUH NPOLIECOp Pa30M 3 HOBUMH 3aC0O0aMu aBTOMAaTU30BaHOI pO3POOKU I1apcepiB MaKeTiB
IAIOTh MOKJIMBICTb €(PEKTUBHOI peasiszalii npouenyp po3oopy i aHanizy XML-nakeTiB Ta MOXYTb O6yTH 3aCTOCOBaHi
y IHIIMX 3aCTOCYHKaX.

2. The spread of information technology is inextricably linked with the development of computer systems, the
elemental basis on which they are based, and the improvement of approaches to solving problems in the field of
information technologies (cloud computing, the Internet of Things, satellite communication systems, etc.). The
effectiveness of the solution to such problems also depends on the efficiency of the software and hardware of
computer systems. One of the tasks solved by information systems is the processing of network packets which
includes lexical and syntactic analysis of network packets (their grammatical parsing) and obtaining data from
them. Depending on the packets format and the constancy of this format, network packets are parsed by software,
hardware, or combined parsing systems. For example, XML messages are widely used in web services. The XML



format is stable and regulated by standardized versions. However, in addition to the correctness of the XML format
itself, XML documents must also conform to some grammar defined by a specific XML grammar description
language. The sets of XML grammars in web services, which can hold thousands of instances, change frequently,
leading to limited or impossible use of efficient pure hardware XML document processing systems. Therefore,
most XML documents parsing is done by software parsing systems. In a cloud computing environment, parsing
XML documents requires great amount of computing resources. Some time ago it consumed almost 30% of the
time processing requests to servers. In addition, due to the termination of Moore's Law and Dennard's Law, the
number of transistors in processors will no longer change as quickly as before. Accordingly, the performance of
purely software systems cannot be further increased by updating the processors on the servers at the same speed
as before, which can lead to a gradual increase in latency when processing requests in XML format to the servers.
The object of research is the process of grammatical analysis of sentences of formal languages. The subject of the
study is the methods, approaches and means of hardware and software-hardware grammar parsing of network
packets, as well as methods and means of designing such means. The dissertation aims to expand the possibilities
of reconfiguring the hardware means of grammatical parsing of network packets to work according to a different
parsing algorithm or to support another set of grammars with the achievement of comparable indicators of speed
and hardware costs in comparison with existing hardware parsers using the example of parsing XML documents.
The scientific novelty of the dissertation work is next: 1. An improvement of the method of designing hardware for
parsing network packets based on stack finite-state machine is proposed. Improved method differs from the
existing ones by usage a software-hardware representation of a finite-state machine of grammar parsing, which
makes it possible to dynamically change the algorithm or the set of grammars by which the parsing takes place
within a short period of time. 2. For the first time, a way of designing stack architectures for software /hardware
implementation of grammatical parsing is proposed, which differs in that additional stacks and special commands
are added to the basic stack processor architecture with two stacks, thanks to which grammatical parsing
acceleration is achieved compared to software implementation. 3. Using the proposed design method, a computing
structure of a parser was created for the first time, which, unlike known structures, contains, in addition to a
grammar compiler, a specialized stack processor that implements an algorithm for grammatical parsing of XML
documents adapted for software and hardware execution for a given set of grammars, due to which the possibility
of dynamic changes to the parsing algorithm or the set of supported grammars is achieved. 4. For the first time, an
analytical representation of the calculation of the speed of the software-hardware parser, designed according to a
new method, was obtained, which makes it possible to evaluate the parsing speed depending on the set of
supported grammars. The practical value of the results of the dissertation is that the use of the developed method
for designing specialized computers for software /hardware grammar parsing of XML documents based on FPGAs
both on servers and on node devices of the Internet of Things will make it possible to speed up both the design
time of network packet parsers and processing of XML documents, as well as reduce the energy costs required to
process these documents. The newly developed SM16 stack architecture and the stack processor of the same
name, together with new means of automated development of packet parsers, enable more efficient
implementation of XML packet parsing and analysis procedures and can be used in other applications.
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Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI Cripenxo Cepriit I'puroposiy

roJIOBH pagu



Biacue IIpizBume Im's [10-6aTbKOBI Cripenxo Cepriii I'puroposiy
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiznoBigasbHUH 3a MiATOTOBKY Mosmyanos Onexciit AHZIpifioBIY

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




