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1. AkTyaabHicTh TeMu qucepranii

[Ticist Toro sk xommaniss Synopsys Bupinmia HpoGreMy aBTOMATHYHOIO
CHHTE3Yy NPUCTPOIB Oyab-sKoi cknamHocTi (10 MimbsApaiB BeHTWIIB Ha KpucTam i
Oinblue), mwe rocTpime nocrana npoblieMa aBTOMATHYHOT Beprdikamii HATCKTATHIX
MPUCTPOIB 38 MPUAHSTHUHN AT pHHKY yac. Jlist BUpilneHHs 1iel mpo6nemMu HeobXiaHi
PO3yMHi Ta NpOCTI CTPYKTYPH JaHMX 1 TEXHOJNOTIYHI MeTomu iX aHaJizy.
Juceprauiline DOCHiKEHHS CIIPIMOBAaHE HA CTBOPEHHS HOBHX METOIIB in-memory
TECTyBaHHA Ta MOJEMIOBAHHSA LU(MPOBMX BHUPOOIB HA OCHOBI BEKTOPHOI JIOTIKH 3
YpaxyBaHHAM HECIIPaBEAIMBO 3a0yTHX SIBHUX MOJeNel — TabiuIpb iCTUHHOCTI, SIKi
CBOTO/IHI BHPIIIYIOTh NPOGIEMH TeXHIYHOI JiarHOCTHKH, i HABiTh OGPOOKH BENHKUX
A@HUX 3a JIONIOMOrOK0 MeXaHi3MiB MallIMHHOTO HaBYaHHs. Y po6oTi 3alpPONOHOBAHO
BHKOPHCTOBYBAaTU IPHUXOBaHy B ajpecax KOMOIHATOpWUKY TabGiauui iCTWHHOCTI yis
BHUPIIICHHS] HAyKOBO-NPAKTHYHO! 3a/[a4i MOJENIOBAHHS TOOMMHOKHX Ta KPATHHX
HecnpaBHOCTel  nmppoBux  crpyktyp. Jlimiifini 3a ckmammicTIo  anropuTMu
MOJIEIIOBAHHS, MOPIBHSHO 3 KyOiYHMMM, TO3BOISIIOTH ABTOMATHYHO CHHTE3yBATH
KapTl TeCTyBaHHsA CKIAJHUX (YHKIIOHANTBHOCTEH. [HIIMM HOBUM pe3ylbTaToM,
OTPUMaHUM y  JHCepTamii, MO)XXHa BBaXaTH IapajelbHE MOIEIFOBAHHS
HECIPaBHOCTEH, SIK aJIpec, y CTPYKTYPHO CKIATHUX IHM(MPOBHX CXeMaX, [0 MAIOTh
CXIZHI po3ranyxeHHA. Yci CIDyKTYpH [aHHX Ta AITOPHTMH MOJIEJIOBAHHS

OPIEHTOBAHI Ha IMIUIEMEHTAL{I0 B [aM’ATh, BHKOPHCTOBYIOTH JHIiue read-write



TPAaH3aKLii, BUIbHI Bil BHKOPHCTAHHS NOTYXHOI CHCTEMH KOMAHI IEHTPAIbHOTO
porecopa Ta itepaniil MHUHOK JaHuxX Mammad ¢ou Helimana. 3ampornoHoBana in-
memory apxiTeKTypa MOJEIIOBAaHHS HECIPaBHOCTEH J03BOJSE 3AiHCHIOBATH
eKOHOMIIO eJIeKTpoeHeprii npu o0pobui maHux 0e3 BTpaTH IIBHAKOJI, OCKUIBKH
LIMKJI 3BEPHEHHS 10 Cy4acHO!I IaM'sTi CTAHOBUTh MEHIL HiX OJIHY HAHOCEKYH.Y. AJle,
3a TaKMX IiepeBar, BUTPATH MaM'sTi Ajs 30epiraHHs PO3yMHHX CTPYKTYp JaHHX
MalOTh €KCIIOHEHIIHUI XapakTep 2", e n — KiIbKICTh BXOMIB JIOTIYHOI'O €JIEMEHTA
Yd CXEMH. 3alpollOHOBaHi CTPYKTYPH JaHMX Ta METOAM MOJETFOBAHHS
HECIIPaBHOCTEH, sIK anpec, peanizoBani Moot Python. IMporpamua peamizaris
METOAIB Mpoiuua Bepudikamio IULIXOM 0OPOOKH OKPEMHX CXEMHHX PDIllIeHb 3
6ibmioTexu koHdpepentii ISCAS Ta BopoBamkeHa B OCBIiTHii IIpoI1IeC.

Y mucepranii BHpINIYeThCS HAYKOBO-TIPaKTHYHE 3aBIAHHS 3MCHIICHHS
AIrOPUTMIYHOI  CKJIaHOCTI CHHTE3Y TECTYy Ta OI[IHKH WOro SKOCTI IIISXOM
BHKOPHCTAaHHS HA/UTMIIKOBOCTI PO3YMHMX CTPYKTYp JaHHX. Bukopucranus read-
write TpaH3akimiff Ha PO3YMHHX CTPYKTypax NaHMX y Ham'siTi 3aMicTh IOTYKHOT
CHCTEeMHM KOMaHJ IIpoIecopa JO3BOJSIIOTE YCYHYTH iTepalii IIMHOI JaHUX MIX
POLECOPOM Ta IaM'sATTIO MalluHU (oH Helimana, i, TAKMM YHMHOM, EKOHOMHUTH Yac
Ta EHEprif0 NpU BUPINIEHHI 3aBJaHb IIPOEKTYBAHHA |1 TECTyBaHHS HU(PPOBUX

koMmmoHeHTiB SoC.

2. Ouinka oOrpyHTOBAHOCTI HAYKOBHX pe3yabTaTiB JAucepTamii, iX
JAOCTOBIPHOCTI TA HOBH3HH

HaykoBa HOBHM3Ha pe3yJbTaTiB IUCEPTALIIHOTO MOCHTIIDKEHHS TMOJATac B
HACTYITHOMY'

gnepuLe 3anpPoNoOHOBAHO:

— PO3YMHY CTIPYKTYpPY [MaHHX, sIKa XapaKTepHU3YEThCS IapalesizMoM
MOJEIFOBAHHS TECTOBHX HAabOpiB Ta HECNIPaBHOCTEH SK ajpec, IO Ja€ 3MOry
e(eKTHBHO 0OPOOIIATH BEKTOPH HeCTpaBHOCTeH HU(POBOI cXeMH Ta/abo JOridHOTro
eIEMEHTa;

— BCKTOPHHH METOJl CHHTE3y KapTH TECTYBAaHHS, SKHH XapaKTepPU3yeThCs



BUKOPHMCTaHHAM JIOTYHOTO BEKTOpa (GYHKIIOHAIBLHOCTI Ta MaTpPHIL [IePeKOyBaHHS,
0 Ja€ MOXIMBICTh BUPINIYBaTH 3ajady CHHTE3y TECTIiB Ta MOJEMIOBAHHS
HEeCIPaBHOCTEH 3a KBaJPATHYHY O0UHCIIIOBAIbHY CKIAIHICTh alTOPHTMY;

— BEKTOPHMH METOJ| MOJCJIOBAHHS HECHPABHOCTEH, SIKHH XapaKTepH3yeThCs
Mapaneri3sMOM aHani3y HeCTIpaBHOCTeH, K ajipec, MPU aHaMi3i JOTiYHOI CXeMH, 1Mo
ZI03BOJIE€  CYTTEBO  MIABUIIMTH IIBHAKOMII0 aJrOPUTMY MOJENIOBAHHS IO
KBa/IPATHYHOI OOUUCITIOBAIBHOT CKIIA[HOCTI;

YOOCKOHANEHO.!

— BEKTOPHI MeTO{M IOGYIOBH IeZyKTHBHOI MATpHIN, SKi BIJIPI3HAIOTHCS
3aCTOCYBAHHAM MATpHI IEPEKOTyBAHHs Ta BHUKOPUCTAHHAM XOr-omepamiii Mixk
JIOTIYHUM BEKTOPOM Ta TECTOBHUM HaGOpOM.

[IpaxTiyHe 3HAYECHHS OTPUMAHMX pe3yIBTATiB TMONArac y TECTYBaHHI Ta
Bepudixarii po3ymMHux CTPYKTYp JaHHX 1 QJIFOPUTMIB MOJEIIOBAaHHSA HA CXeMax Ta
dyHKuioHaNBHUX enemenTax GiGmiorexku ISCAS, cmpsmoBaHoCT] pe3ylbTaTiB Ha
PUHOK €JIeKTPOHHUX TEXHOJIOTIH.

JloCTOBIpHICTL Ta OBTPYHTOBAHICTH OTPUMAHHX PE3yJIBTATIB Ta BHUCHOBKIB
MITBEPKYETHCS IXHBOIO allpOballiero Ha MiKHAPOTHIX HayKOBHX KOH(epeHIliax ta

y IyOmiKauigax y mpoBinHux $paxoBUX HAYKOBHX BHAAHHIX VKpainu i 3a KOpIOHOM.

3. Ouinka 3micty auceprauii, ii 3aBepmenocti, roTpuManns OPHHUHUIIB
aKaJeMivHol J00podyecHOCTI

Hucepraniiina poboTa € 3aBepiueHUM HAyKOBUM AOCTLIKEHHSM, CTPYKTYpa
SIKOT'O CKITAJAETHCS 3 BCTYIY, YOTHPHOX PO3/IUTiB, BACHOBKIB, aHOTAIll Ta MOMATKIB.

Ilepwuii  posmin  — Posymmui  cmpykmypu Oanux oOas  MoOentosanHs
HecnpagHocmet sk adpec. B HOMY PO3pOGIISIOTECS PO3YMHI CTPYKTYPH [QHHX Ta
QITOPUTM CIPaBHOTO MOJEIIOBAHHS LM(PPOBUX (PyHKIIOHANBHOCTEH y mam’sTi Ha
OCHOBI TPaH3aKIill YNTaHHS-3aIKCY, METOJ] BEKTOPHO-TAGIMYHOTO MOJIE/TIOBAHHS B
nam’sTi MOOJMHOKMX Ta KPaTHUX KOHCTAHTHMX HECIIPaBHOCTEH, SIK azpec, s
(QYHKIIOHATEHUX eNeMEeHTIB 3 JOBiNBHOIO KiNBKICTIO BXOMIB, METON BEKTOPHO-

JIOTIYHOTO  CHHTE3y  JeIyKTHBHOI MaTpUIli MOJETIOBAaHHS  HECIIPAaBHOCTEH.



OcobiuBicTIO MeTONy MONETIOBAaHHS € CyNepIO3ULis BXiTHOTO TeCT-BEKTOpa,
TaOJIHUL[i ICTMHHOCTI HEeCHpaBHOCTEH Ta AeTyKTHBHOI MaTpHIll, OTPUMaHOl 3a
JIOTIYHAM BEKTOPOM, 110 (AKTHYHO O3HAYAE BiICYTHICTH AITOPUTMY MOJETIOBAHHS
AJIsl OTPUMAHHSI CIIMCKY HECIIPAaBHOCTEI, 110 MEePeBIPAOTLCS Ha TECTi.

Hpyruit  posmin — Bexmopuuii  cunmes Kapmu  mecmy6amms JNO2IKlU.
Pospobiisierhess  apxiTekTypa KOMIIOTHHTY B mam’sTi Ha OCHOBI TpaH3aKIIii
HMTaHHA-33IIUCYy Ha DPO3YMHMX CTPYKTypax MaHHX, METOX BEKTOPHOIO CHHTE3y
MENyKTUBHOI MAaTpuIli JUISI MOJEIOBAHHS HECIIPaBHOCTEM, METO BEKTOPHO-
TaOIU4HOTO JIelyKTHBHOIO MOJIEJIOBAHHS HECIIPABHOCTEH JTOTIKH. JenykrusHa
MATPULS € KMoYeM (YHKIiOHANBHOCTI Ui BHpIIUEHHS BCiX 3a/ad TecTyBaHHs Ta
Bepudixauii. Ha ii ocHOBI GyzmyeThes TecToBa kapTa JIOTIKH, 1€ KOJKHOMY TE€CTOBOMY
Habopy CTaBIATBCS Yy  BiJIIOBIOHICTE HECIIPABHOCTI  BXIJHMX JIHiH, 110
TepeBiPIOTHCS.

Tperiit posnin — Mooenwosanns necnpasnocmeii six aopec y 102iYHUX cXemax.
Po3pobisieTsest MeTon MOJIeNIOBaHHS HecpaBHOCTEH, sK ajpec, s U poBuUx
CXEM, /1€ CIEMEHTHU NPEeJICTaBIICHI JIOTIYHUMH BeKTopaMHu. [IponoHyeThes cTpyKTypa
AQHUX IS MOJETIOBAHHS HECIPABHOCTEH BXIAHUX Ta BHYTPILIHIX MiHiH NOTiYHHX
CXeM Yy BUISAI TAONHUI[ iCTHHHOCTI, CHHTE3YIOTHCS ANTOPUTMH MOIETIOBAHHS B
IaM’sITI [TOOIWHOKHUX HECIpaBHOCTEH, SIK ampec, JUIs JIOTIYHOI CXeMH Oyab-sKoi
CTPYKTYpHOI cKIIafiHOCTi. OcoOIMBICTIO aIrOPHTMIB MOIENFOBAHHS HECIIPABHOCTEH €
BHKOPHMCTaHHs TPAH3aKIii YMTaHHS-3aIUCy HA PO3YMHHUX CTPYKTYpax JaHHX Y Oy/[b-
SIKIH TIaM'STi,  TAKOXK BiZICYTHICTE eTaIly MONepeTHFOr0 CHHTE3y CXEMH.

Yerseptuii posnin — Bepugikayis cmpykmyp danux, aneopummie ma 0odamxie
moodentosanns. necnpasHocmeli sk adpec. TIPONIOHYIOTECS: apXiTeKTypa PO3yMHUX
AQHUX A7 MOJENIOBAHHS HECNpaBHOCTEH IMQPPOBHX CXeM, peai3oBaHa 3a
TEXHOJIOTIEI0 in-memory KOMITIOTHHIY, JeIyKTHBHI MEeXaHi3MH MOJIeIOBAHHS
HECTIPABHOCTEH, AK aJpec, Ha OCHOBI TPAH3AKI[{/l YUTAHHS-3aMMCY HA PO3YMHHX Ta
SIBHUX CTPYKTYpax HaHHX, apXiTeKTypa IPOrpaMHUX 3aC0o0iB [ PO3B’SI3aHHS 3144
MOJICITIOBAHHS HECTIPAaBHOCTEH, CIIPaBHOI MOBEIHKYM Ta TreHeparlii TecTiB Ha OCHOBI

PO3YMHHUX CTPYKTYp AaHUX. [lepeBaroro po3yMHHX Ta SIBHUX CTPYKTYp JAaHHX Ha



OCHOBI JIOTIYHMX BEKTOPIB Ta TaOJHIb iCTHHHOCTI € MOXIIHBICTH BHKOPHCTAHHS
CyIepno3ullii, ika GopMye pillieHHs 110 CyTi 0e3 MOIeTIOBaHHS.

Y BHCHOBKaxX y3araJlbHEHO OTPUMaHI pe3yJIbTaTH.

V nomaTtkax HaBeIEHO CIHCOK IyOikailiii 3mo0yBaya, B SIKUX OIyOINliKOBaHi
OCHOBHI HAyKOBi pe3yJbTaTH JTUcepTallii, iHpopMmallio npo ampodariro MaTepiaiiB
auceprauii Ta BOPOBaIKeHHs pe3yibTariB B ocBiThii npouec XHYPE, nictuaru
[IporpaM MOJEOBaHHS HeCIIpaBHOCTEH.

Odopmnenns nuceprariitnoi pobotu Binnosinae Hakasy MOH Vkpaiuu Bij

12.01.2017 Ne 40 «IIpo 3arBepmxenHs Bumor 10 opopmileHHSs TucepTamii.

4. OnpuiroaHeHHs pe3y/abTaTiB AHcCepTaNiiiHOT podoTH

PesyneraTi nuceptauifinoi poOoTH BHCBiTIEHO 3100yBayeM B 11 HaykoBuX
CTAaTTAX y HAYKOBHX JKypHANAX, Cepel AKHX 2 CTATTI B MIKHAPOIHHX HAYKOBHX
KypHallaX 3a KOPAOHOM, 9 — y HayKOBHX JKypHanax, BKMOueHuX a0 «lleperniky
HayKOBHUX (axOBHX BUJaHb YKpalHW», 3 HUX 2 — Kareropii A, IO BXOIATH 0
HaykoMeTpuuHOi 6a3u Web of Science.

Anpo0aliiss pe3ynbraTiB gmcepranii 3milicHoBaiack Ha 20 HayKOBHX
koH(epeH1isnx ToBapucTBa I[EEE nanpsamy Design and Test, 18 3 HuX iHAeKCOBaHO y
HayKOBO-MeTpHu4Hii 6a3i Scopus.

B nucepramii Ta myGnikamisix aBTOpa HE BHSBICHO (aKTIB MOPYIIEHHS
aKkaJieMi4HOl J00pouecHOCT] (aKkaaeMiyHoro miariaty, gabpukarnii Ta ganscudikarii

pe3yNIbTAaTIB).

5. 3ayBaxseHHs1 Ta THCKYCiHHI MHTAHHA 10 JHcepTaliifiHOT poOOTH

1) B po3aini 1 HegocTaTHRO YiTKO c(pOpMyIHOBAHO MOHITTS PO3YMHHX AaHHX,
IIOXO/PKEHHS CaMOro TepMiHy 1 Horo oO0TpyHTYBaHHS.

2) 3 marepianiB nucepralii He 30BCIM SICHO, SIKy MaKCHMAJIbHY KiJIbKICTb
BXO/IB JIOTIYHOTO €JIeMEeHTa MOJKHa OOpOOHTH 3a JOMOMOIO IMPOrpaMH CHHTE3Y
KapTH TECTyBaHHS HA OCHOBI JIOT{YHOTO BEKTOpA.

3) IloTpeOyroTh 10AaTKOBUX MOSICHEHE TapanemnizM 00poOKM HeclipaBHOCTEH y



nudpoBidl CTpyKTypi, #Oro MeTpuka i 4YMM BiH BiApi3HS€TbCA BiI BiZOMOTO
AJITOPUTMY MOJIENIOBAHHS HECTIPABHOCTEHH.

4) He 30BciM 3po3yMillo, YH [JO3BOJIZE IpOrpamMa MOJENIOBAHHS
HecIpaBHOCTEH 00pOOIATH cXeMH 3 INI00ATbHUMHE 3BOPOTHHUMH 3B'sI3KAMH.

5) Iotpebye nOAATKOBUX MOSCHEHb E€KOHOMIYHICTH CTPYKTYD JaHHMX IS
1o0y/I0BM KapTH TeCTyBaHHs (YHKLIOHATBHOCTI Ta MOJENIOBAaHHA HECIPaBHOCTENH
CXeMHOI CTPYKTypH. Ski 3 HEX € Oinbln exoHOMiYHMMH? SIK CHiBBiTHOCSTBCH
O0YHCITIOBAIbHI CKIIATHOCTI 3a3HAYEHUX METO/(IB MO/IETIOBAHHS?

6) He 3posymino, sk MOXXHa BHKOPHUCTOBYBATH J[BA METONU MOJEIIOBAHHS
HECIIPABHOCTEH JUIsl 1arHOCTYBaHHS Ae(eKTiB y HU(PPOBUX BUPOOAX.

7) baxano Oyno © GinbIn JeTaqbHO OOIPYHTYBATH, SIKA HaWKpalla CTpaTeris
BUKOPUCTaHHS METOJly MOJEIIOBAHHS CXeMHM s Bepubikarii nuppoBUX MpOEKTiB:
Ha CHCTEMHOMY PpiBHI Ommcy npoexTy abo Ha (i3sHUHOMY PiBHI IMIUIEMEHTAL
IPOEKTY B 3aJi30.

8) He oOrpyHTOBaHO 4K MOXKHA 3a JOIIOMOIOK KapT T€CTyBaHHS, HAa OCHOBI
JIOTI9HOTO BEKTOpa, BHM3HAYATH HECIPABHOCTI B 3'€QHYBaIBHUX Kabeisx Mix
miaTamMy abo KpUcTaltaMH CKJIIAJHOI H(POBOT CHCTEMH.

9) HouinpHo Oyno 6 moxaszaTd, IO MOTPIOHO 3pOOMTH It TOro, INO6
3aIpOIIOHOBAaHI METOIU TeCTOBOI BepHdikaril 3'siBuimcs Ha pusKy EDA-TexHoIO0r .
Yu nnanyetbes ctBopeHHss HDL-inTepdeiicy?

10) SIxi icHyroTh OOMeMKEHHS ISl BBEJICHHS Bi3yalbHOI CXEMHOI CTPYKTYpH 3a
monomororo iHTepdeiicy GUI? Skum umHOM BBecTH rpadivny iHbOpMalio Mnpo
BEJIMKY CXeMy, sKa 3aiimae OlnbIie, HiXkK OIHH eKpaH 3a IUIOIIE0?

11) B nucepramiiiHii pobGOTi HENOCTATHHO UITKO OIKMCAHO MPAKTHUYHY
peaiizaliio po3pobIeHHX METO/IB Ta CTPYKTYp DaHHX, 30KpeMa MoBoio Python.

12) ¥ BucHOBKax mo po0oTi Hemae iHpopMalii Mpo MOPIBHAHHSA OTPUMAHHX B
JMCepTallii pe3yabTaTiB 3 pe3ylbTaTaMy aHAJIOTiYHUX JOCIIIKEeHb, TPO OIIHKY iX

e()eKTHBHOCTI.



6. BucnoBok npo auceprauiiiny po6ory

Beasaro, 1o auceprauiiina pobora 3m00yBada cTymeHs a0KTOpa (imocodii
Xaxanosa Isana Bonogumuposuda «BekTopHi MeToau CHHTE3y TeCTiB i JOridyHOro
MOZIeJIFOBaHHs UU(POBUX KOMIOHEHTiB S0C» BHKOHaHa HAa BHCOKOMY HAayKOBOMY
piBHI, He MOpYIIye IIPH (IMIIB aKajeMiuyHoi J0OpPOYECHOCTI T4 € 3aKiHYeHHM
HAyKOBUM IOCIIZDKEHHAM, CYKYNHICTh TEOPETHYHHX Ta NMPAKTUYHUX Pe3yJIbTaTiB
SIKOIO PO3B'si3y€ HayKOBE 3aBJIaHHS 3MEHIIEHHS alllOPUTMIYHOI CKJI/[HOCTI CHHTE3y
TECTy Ta OLIHKK HOro sKOCTi NIISXOM BHKOPHCTaHHs H&JUIMIIKOBOCTI PO3YMHHX
CTPYKTYp JaHHX, LIO MAa€ ICTOTHE 3HA4YeHHS I ranysi 3HaHb 12 — IHpopmaniiiai
TEXHOJIOTI.

HucepTanifina poboTa 3a aKTyalbHICTIO TEMH, HAYKOBOIO HOBH3HOIO Ta
MPaKTHYHOK LIHHICTIO OTPUMAHMX pe3y/bTAaTiB IOBHICTIO BiJNOBiZae MyHKTAM
6-9 «lIopsiIKy MpUCYKEeHHs CTyHeHsI JOKTopa (inocodii Ta ckacyBaHHS pillreHHs
pasoBoi crenianizoBaHoi LYEHOI pafy 3aKiagy BHINOI OCBITH, HAyKOBOI yCTaHOBH
PO MNPUCY/KEHHS CTyMeHs Jokropa ¢imocodii», 3arBepmkenoro IlocTaHOBOIO
Kabinery MinictpiB Ykpainu Big 12.01.2022 p. Ne 44,

3n00ysau Xaxanos IBan BonoguMupoBrY 3aciyroBye Ha NPUCYIKEHHS oMy
CTymeHsi foktopa (inocodii B ramysi 3HaHe 12 — Iudopmaniiiai Texmomorii 3a

crienianbHicTio 123 — Komm'totepHa imxkerepis.

Penensenr:

3aBi/lyBay KadeIpH KOMIT FOTEPHO-IHTerpOBaHUX
TEXHOJIOT1H, aBTOMaTH3allil Ta poOOTOTEXHIKH,
XapKiBCHKOTO HAI[IOHATBHOTO

YHIBEPCHUTETY paioeeKTPOHIKH
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W l.‘“lb{p

[Tiznuc Irops HEBJIIOI[OBA GQCquyf@,

\ W/L! Ipuna JKAPIKOBA

Yuenuii cexperap



