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Pedepar:

1. B po60Ti po3B’13aHO HAYKOBO-TIPAaKTUYHY 33/1a4y 3MEHIIEHHS aJIfOPUTMIYHOI CKIIAIHOCTI CUHTE3y TeCTy Ta
OIIiHKM MOTO0 SIKOCTi IJISIXOM BUKOPUCTaHHS HAJIJIMIIKOBOCTI PO3YMHHUX CTPYKTYP AaHux. Bukopucranus read-write
TPaH3aKLill HA PO3yMHMX CTPYKTYpax AaHMUX y [1aM'sITi 3aMiCTb OTYXHOI CUCTEMU KOMaHJ, IPoLiecopa A03BOJISIIOTh
YCYHYTH iTepallii IIMHOIO AaHUX MiXX TPOLI€COPOM Ta MaM'sSTTI0O MalMHU PoH HelimaHa, 1110 MPUBOAUTD 10 €KOHOMIi
4yacy Ta eHeprii [Ipy BUpillleHHi 3aBJjlaHb IIPOEKTYBaHHSI i TECTyBaHHS LM(PPOBUX KOMIIOHEHTIB SoC. MeTa
IOCJIiIKEHHS — 3MEHIIIeHHS1 YaCOBUX BUTPAT Ta MifBUIIEHHS aJeKBAaTHOCTiI MOJ€JIIOBaHHS TECTOBUX HAbOPIB Ta
HECIIPaBHOCTEW, SIK aJipec, 3a paxyHOK eKCIIOHEHUIMHOI HaJJIMIIKOBOCTI PO3YMHUX CTPYKTYP AaHUX Ha 0a3i
JIOriYHOTO BEeKTOpa. 3aBIaHHs nociinkeHHs: 1. Po3pobka po3yMHUX CTPYKTYP AaHUX Ha 6a3i JIOriYHOro BeKTOopa s
PO3B'sI3aHHS 3aBIAHb TEXHIYHOI AiarHOCTUKY UPPOBUX PUCTPOIB. 2. PO3pO6KA BEKTOPHOTO METOY CUHTERY
IeIyKTUBHOI MaTpULi JIOTiYHOI GYHKLIOHANBHOCTI. 3. PO3p06Ka BEKTOPHOIO METOAY CUHTE3Y KapTU T€CTyBaHHS
sioriyHoi GyHKIioOHaNbHOCTI. 4. PO3p06Ka BEKTOPHOTO METOAY MOJIEe/IIOBaHHS HECIIPABHOCTEH, SIK afpec, OISl OLiHKU

SIKOCTIi TeCTOBUX HabopiB uudpoBoi cxemu. 5. [Iporpamua peanizauist Ta Bepudikallis pO3yMHUX CTPYKTYP JAHUX Ta



BEKTOPHUX METO/iB MOJIEIIOBAaHHS TECTOBUX HA0OPiB Ta HECITPABHOCTEH, SIK afpec. O6'eKT NOCTiI)KeHHs — in-
MEMmOory KOMIT'FOTHHT BEJINKUX JAaHUX [JIs1 BUpilleHHs 3aga4 SoC NpOeKTyBaHHA i TecTyBaHHs. [Ipegmer
IOCJiIKEeHHS — in-Memory MOJIeJII0BaHHsI TECTIB Ta HECIIPAaBHOCTEH, 5K azipec, AJs Bepudikallii 1nppoBoi jgoriku
Ta CXeM. BUKOPUCTOBYIOTHCS PIBHSIHHS TEXHIYHOI AiarHOCTUKM [1J1s1 PO3B A3aHHS 3aBIaHb Bepuikauii iudpoBux
BUPOOGiB. ByyI0TbCS1 PO3yMHI Ta SIBHI CTPYKTYPU JAaHUX y BUTJISZ] JIOTIYHOTO BEKTOPA, TabMLi iCTUHHOCTI Ta
MaTpUIli aKTUBHOCTI 111 PO3B I3aHHS 3aBJIaHb aHaI3y 1MPOBUX MPOEKTIB. PeasizyeTbCsi TEXHOJIOTISI BEKTOPHOTO
MOJeJIIOBaHHS LUPPOBUX CXeM. PO3po06IIsIOThCSI METOAM NOOYA0OBYU MaTpULlb IIEPEKOIYBaHHS Ta aKTUBHOCTI [1J14
IIPMCKOPEHHS MOJI€JIIOBAHHS HECIIPABHOCTEH, SIK agpec. bylyeThbCst KapTa TeCTyBaHHSI HECIIPABHOCTEH JIOTIYHOI
(YHKIIOHATIBHOCTI HA OCHOBI MaTPHLb IEPEKOAYBAHHS Ta aKTUBHOCTI. CTBOPIOETHCS TEXHOJIOTiSI MOZEJIIOBAHHS
HECIIPaBHOCTEH, 5K afipec, A aHajizy Uu@poBux cxem. Bci Lii NyHKTH CIPsIMOBaHI Ha 6e3MpoLeCOpHy pearizallilo
B I1aM'sITi 32 JONIOMOroI0 read — write TpaH3aKLill HA pO3YMHUX CTPYKTYpPax BEJIMKUX JAHMX i MAIOTb HA METI
€KOHOMIIO Yacy Ta €HeproBUuTpar npu Bepudikatii nudpoBux NpoeKTiB. HaykoBa HOBM3HA PE3YyJIbTATiB JOCTIIKEHb:
1. Briepiie 3anporoHOBaHO PO3YMHY CTPYKTYPY AAaHUX, KA XapaKTePU3YEThCS Napasesi3MOM MOJEIOBaHHS
TE€CTOBUX HAbOPiB Ta HECIIPABHOCTEW, K afIPEC, 1O J1a€ 3MOTY €(PEKTUBHO OOPOOJISITY BEKTOPU HECIIPABHOCTEN
11(ppoBOi CXeMU Ta,/ab0 JIOTIYHOTO eJIeMEeHTa. 2. YI0CKOHAJIEHO BEKTOPHI METOIY OOy I0BY 1€ JyKTUBHOI MaTpULli
(renoma Bepudikaliii), ki BiZfpi3HSAI0THCS Bif, aHAJIOrB 3aCTOCYBaHHSIM MaTpUlli IEPEeKOyBaHHS Ta BUKOPHUCTAHHIM
XOr-ornepawiil Mix JIOTiYHUM BEKTOPOM Ta TECTOBUM Habopom. 3. Briepiie 3anporioHOBaHO BEKTOPHUN METO[]
CHHTE3y KapTH TECTYBaHHS, SIKUH XapaKT€PU3YETbCSI BUKOPUCTAHHSM JIOTTYHOTO BEKTOpa (PYHKIiOHANBHOCTI Ta
MaTpulli IEPEKOAYBaHHS, 110 Ja€ MOKJIMBICTL BUPILIYBATU 337ja4i CUHTE3Y TECTIB Ta MOJEJIIOBAHHS HECTIPABHOCTEN
3a KBaJJpaTU4YHy 004K CIIIOBAJIbHY CKJIAJHICTh arOPUTMY. 4. Briepiue 3arrporoHOBaHO BEKTOPHUI METO],
MOJI€JIIOBaHHS HECITPABHOCTEM, SIKUM XapaKTepU3yeThCs N1apasiesli3MOM aHaJli3y HECIIPABHOCTEN, SIK aipec, Ipu
aHaJli3i JIOTIYHOI CXeMHU, IO JO3BOJISIE CYTTEBO 3MEHIIUTU CKIIAIHICTb aJITOPUTMY MOJEIOBAHHS 40 KBaJIpaTUYHOI
oniHku. [IpakTUyHa 3HAYYIIiCTh PEe3yJbTaTiB NOCiI)KeHHS] BUBHAYA€ThCS: BUKOHaHO Bepudikaliiio posyMHUX
CTPYKTYp AAHUX Ta aJITOPUTMIB MOJI€/IIOBAaHHS Ha JIECSITKAaX CXEM Ta (PYHKLiOHAJIbHUX €JIEMEHTIB 3 6i0J1ioTeKn
ISCAS. 3anponoHoBaHi MoJeli Ta METOIY allpOOOBaHi Ha AECsATKAaxX KOH(epeHLiil y HanpsiMKy EDA, ne orpumanu
BUCOKI OLIiHKY ITPOBiJHUX BYEHUX IJIAHETH 32 I0KA30BY 6a3y, OPUTiHAIBHICTb Ta IPAKTUYHY CIIPSIMOBAHICTh
METOJB JIJI5l PUHKY €JIEKTPOHHHUX TEXHOJIOTiN. Mozesi, MeToiu Ta aJlTOpUTMU peasizoBaHo MoBolo Python, BoHu
npoiuy Bepugikallito Ha fecsiTKax MPUKIIaiB KOMOIHALITHMX CXEM Ta CKJIA[HUX JIOTIYHUX (PYHKILIOHATIbHOCTEN.
O6MesxeHHs IPeCTaBIECHUX MEXaHi3MiB MOZEJIIOBAHHS HECIIPABHOCTI Ta CUHTE3Y TECTIB MOB's13aHi 3 PO3MIipHICTIO

JIOriYHOTO BEKTOPA, KU IIOTpebye BEJIMKOro o6CAry BidyasabHOi Bepudikarii nponenyp Moie 0BaHHS.

2. The work solves the scientific and practical problem of reducing the algorithmic complexity of test synthesis and
assessing its quality by using the redundancy of smart data structures. The use of read-write transactions on smart
data structures in memory instead of a powerful system of processor commands allows you to eliminate iterations
of the data bus between the processor and the memory of the von Neumann machine, which leads to saving time
and energy when solving the problems of SoC digital components design and test. The goal of the research is to
reduce time costs and increase the adequacy of simulation of test sets and faults, as addresses, through the
exponential redundancy of smart data structures based on a logical vector. Objectives of the study: 1. Development
of smart data structures based on a logical vector for solving tasks of technical diagnostics of digital devices. 2.
Development of a vector method for the synthesis of a deductive matrix of logical functionality. 3. Development of
a vector method for the synthesis of a testing map of logical functionality. 4. Development of a vector method for
faults as addresses simulation to evaluate the quality of digital circuit test sets. 5. Software implementation and
verification of smart data structures and vector methods for simulation of test sets and faults as addresses. The
object of research is in-memory computing of big data for solving the problems of SoC design and test. The subject
of research is in-memory simulation of tests and faults as addresses for verification of digital logic and circuits.
Equations of technical diagnostics are used to solve tasks of digital product verification. Smart and explicit data
structures in the form of logical vector, truth table and activity matrix are built to solve the problems of digital
project analysis. The technology of vector simulation of digital circuits is implemented. Methods for generating
recoding and activity matrices are being developed to accelerate the simulation of faults as addresses. A logic



functionality fault test map is generated based on the recoding and activity matrices. A technology for simulating
faults as addresses for analyzing digital circuits is being developed. All these items are aimed at processor-free
implementation in memory using read-write transactions on smart big data structures and are focused on saving
time and energy during the verification of digital projects. Scientific novelty of research results: 1. For the first
time, a smart data structure is proposed, which is characterized by the parallelism of simulation of test sets and
faults as addresses, which enables efficient processing fault vectors of a digital circuit and /or logic element. 2.
Vector methods for generating a deductive matrix (verification genome) is improved, which differs from analogues
by the use of a recoding matrix and xor operations between a logical vector and test set. 3. For the first time, a
vector method for the synthesis of a test map is proposed, which is characterized by the use of a logical vector of
functionality and a recoding matrix, which makes it possible solving the problems of test synthesis and fault
simulation with a quadratic computational complexity of the algorithm. 4. For the first time, a vector method for
fault simulation is proposed, which is characterized by the parallelism of the analysis of faults, as addresses, in the
analysis of the logic circuit, which allows to significantly reduce the complexity of the simulation algorithm to a
quadratic estimate. The practical significance of the research results is determined by the following: Verification of
smart data structures and simulation algorithms was performed on dozens of circuits and functional elements
from the ISCAS library. The proposed models and methods have been tested at dozens of conferences in the field
of EDA, where they received high marks from the leading scientists of the planet for the evidence base, originality,
and practical focus of the methods on the electronic technology market. Models, methods, and algorithms are
implemented in the Python language, they have been verified on dozens of examples of combinational circuits and
complex logical functions. The constraints of the presented mechanisms of fault simulation and test synthesis are
related to the dimension of the logical vector, which requires a large value of visual verification of modeling and

simulation procedures.
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