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Pedepar:

1. Po6boTa nmpucBsiueHa CTBOPEHHIO iHCTPYMEHTAaJIbHOTO 3a6e3nedyeHHs 1711 e(peKTUBHOTO MOJeJII0BaHHS ITPOLECiB
PO3II0BCIOIKEHHS iH(eKLiNHNX 3aXBOpIoBaHb. OO'€KT: Cy4yacHi MiIX0u 1O CTBOPEHHS MOB OIKCY MOJeJei.
[IpegMeT: mporpaMHi iHCTpYMEHTH OIIMCY ar€HTHUX MoZeiel. MeTony NOCiIKEHb: CUCTEMAaTUYHUN ITOLIYK Ta

aHaJi3 nirepaTypu y cdepi emnifemMiosorivHoro MosienioBaHHs. B mpolieci nociimkeHHs 6y BUKOPUCTaHi METOAU



CTaTUCTUYHOTO aHaJIi3y, NOOYLOBYU rPaMaTUKU (POPMAJIbHAX MOB, AJITOPUTMHU JIEKCUYHOTO Ta CUHTAKCUYHOTO
aHasizy. Y quceprauiiiziil po60Ti OTpUMaHO HU3KY HAYKOBUX PE3YJIbTaTiB, 30KpeMa, 1aHO BU3HAUYEeHHS (OPMaJIbHO]
rpaMaTiKu MOBU OIMCY ar€HTHUX MOJiesIel pO3NOBCIOKEeHHS iH(eKIiliHuX 3axBopoBaHb CTrace Ha OCHOBI
PO3po06sIeHOI 3arasbHOI areHTHOi enifemiosnoriynoi Mogei. Pozpobienuit Tpancastop mou CTrace 3 Python a6o
Rust sk npomixkHOi MOBU TpaHcALii. PedysnbTaTom poboTu TpaHcduii € 6i6mioreka ansg mosu Python, mo Hagae
nporpamHuii intTepdeiic 10 HeoOXiTHUX METOLIB poOOTH 3 MoAesI0. Bysiu po3pobJieHi Ta eKCliepruMeHTaIbHO
nepesipeHi onTumisatlii komningropa. Takox, 6yJsa gocigkeHa e(peKTUBHICTb BUKOPUCTAaHHS MoBU Python sk
IIPOMIDKHOI MOBHU TpaHCJIALiil. Pe3ysbTaT eKCIIEpMMEHTIB CBif4aTh PO Te, 0 BUKOPUCTaHH MoBU Python He
IIPU3BOJUTH 30 3HAYHOTO 36i/IbLIEHHS Yacy OOpaxyHKy MOZeJIi, 30epiraiouu rpu 1jbOMY MOKIIUBICTb €(PeKTUBHOTO
PO3LINPEHHS TPaHCsTOpa. Po3pobiieHe cepeioBulle po3pOOKU Ta aHaJi3y areHTHUX €IlifleMioIoriyHuX Mojieieil 3
BUKOpHUcTaHHsIM MoBU CTrace - CTraceEnv. Po3pobiiene cepenoBullle Hajiae 6a30Buil QyHKIIOHAI HEOOXiTHUN 1J1s1
MiITPUMKHU IIpOLEeCy onucy mozesenn MoBor CTrace, 10 BKIIOYAE MiCBITKY CUHTAKCUCY BUXiZHOIO KOLY,
BOyOBaHU TpaHcaaTop Toio. Cepen GyHKIiOHANY aHasi3y MIpeJiCTaBleHi eJleMeHTH KepyBaHHs poOOTOI0 MOJeJli,
3HauYeHb ii [7100a/IbHUX NTAapAMETPIB, iHTepdeiic epersny AMHaMIKU PO3IOBCIOIPKEHHS LOCIiIKyBaHOTO
iH(eKLiMHOro 3aXBOPIOBAHHS, a TAKOXK (PYHKIIIOHAJ €KCIIOPTY PE3YJIbTATIB [JIs1 MOAANBLIOrO aHaJIi3y CTOPOHHIMU
cIleliasi3oBaHUMM iHCTpyMeHTaMU. BUKOHaHa pakTUyHa anpobaliisi po3po6yeHOro iHCTpyMEHTAapilo AJIs
e(eKTUBHOrO MOJEJIIOBAHHS PO3II0BCIOIKEHHS iH(PEeKLiNHNX 3aXBOPIOBaHb. Y ii pamkax, Oyyio JaHO BU3HAUYEHHS
areHTHOI emnifeMioIoriyHOI MOZeli pO3NOBCIOAKEHHS KOpoHaBipycy SARS-CoV-2 cepen Hacenenns Ilomnbii y
nepiog 3 noyatky BepecHs 2020 poky 1o KiHug aucronaga 2020 poky, 1o 6yia BigkaniopoBaHa 3 BUKOPUCTAHHSIM
ny6J1iYHO JOCTYIIHUX eMifleMiosoriYHuX JaHux. Pe3ysbTiBHA MOJeJIb ONKUCY€E AUHAMIKY 3MiHU KiJIbKOCT]
iHpikoBaHux monen 3 koedilieHToMm perepminanii piBHMM 0.9319, 110 CBiTUUTDb PO 3[4ATHICTb PO3PO6IEHOTO
IiAXO0[y OIMCYBATH MPOLECH PO3MOBCIOIKEHHS iH(EKLIHNX 3aXBOPIOBaHb. BUKOHAHNUI NOPIBHSIBHUI aHAi3
cepenosumia CTraceEnv sk nigxony 1o po3pooku epeKTUBHUX MOZesiel PO3MOBCIOIPKeHHS iHPeKIiHuX
3aXBOPIOBaHb 3 HASIBHUMMU aHayloraMu. SIKiCHUI aHasli3 10Ka3as, 110 06csr clieHapiiB, o0 MOXKYTb OYTU JOCIiIKEHi 3
BMKOPHMCTaHHSIM 3a7aHux MoBo1o CTrace mogesei e 6ibIIMM 3a TOM, 10 HAJAKOTh iHIII iHCTPYMEHTH
MOJEJIIOBAHHS, 32 BUMHATKOM I1aT(opmu NetLogo Ta MOB IIpOrpaMyBaHHS 3arajlbHOrO IIPU3HAYEHHS. AHAJI3
ePeKTUBHOCTI po6oTU MogeJieil 3aaHux MoBoto CTrace 110Kasas, 1110 Yac 00YUCIIE€HHS KPOKY iX CUMYJIALii He
[Iporpae iHIMM HasiBHUM MOJEJISIM, BUIlepeKady 30kpema miargopmy NetLogo Ha Tpu nopsgku. Tax, y
HalripmomMy BUIaIKy po3po06JIeHUil iaxiz, nporpae HaltepeKTuBHimomMy Ha 15%, y Hallkpalomy — BUrpaul y
mBUIKOCTI csirae 988%. OnocepeKoBaHOIO 03HAKOIO 3HAYHOI IIepeBaru po3pobJIeHoro iHCTpyMeHTapilo €
3MEHIIEHHs 00CATY BUXiIHOTO KoAy Mopiei y 14-34 pas3u y nopiBHsHHI 3 MOBoO Python Ta 16-45 pasiB 3 MOBOIO
Rust. OKpiM TOro, 110 3i 3MEHIIEHHAIM 00CATY BUXiJJHOTO KOy JIOTIYHO OYiKyBaTH i Ha 3MEHIIEHHS Yacy 10ro
HAIVCaHHS, CJIif, TAKOX O4iKyBaTV M Ha 3MEHIIEHHS KiJIbKOCTI IOMUJIOK, 1O TAKOK MA€ MTO3UTUBHUM BIJIUB HA
epeKTUBHICTh PO3POOKU MOIesIell POLIEeCiB PO3MOBCIOIKEHHS iHPEeKI[IMHNX 3aXBOPIOBaHb. [IpakTUYHE 3HAUYEHHS
OJIEP>KaHUX Pe3YJIbTaTiB MOJISITa€ Y MOXJINBOCTI BUKOPUCTOBYBAaTH PO3PO0JIEHY IIPEIMETHO-OPi€HTOBAaHY MOBY Ta
[IpPOrpaMHe CEePeOBUIIE 11 IPOTOTUITYBAHHS, PO3POOKU Ta aHaJli3y areHTHO-OPi€HTOBAHUX MOJeJeH
POBIIOBCIOIKEHHS iH(eKLiHNX 3aXBOPI0BaHb. HasBHMIA TporpamMHuil inTepdeiic J03BoJIsiE BUKOHYBAaTU

iHTerpyBaHHs pO3p06JIEHMX MOZesiel B iCHYIOUi IPOrpaMHi CUCTEMU.

2. The work is devoted to the creation of tools for effective modeling of infectious disease spread. Object: modern
approaches to the creation of model description languages. Subject: software tools for describing agent-based
models. Research methods: systematic search and analysis of literature in the field of epidemiological modeling. In
the course of the research, methods of statistical analysis, construction of formal language grammar, lexical and
syntactic analysis algorithms were used. The dissertation has a number of scientific results, in particular, the
definition of the formal grammar of the language for describing agent-based models of infectious disease spread
CTrace based on the developed general agent-based epidemiological model. A translator of the CTrace language
with Python or Rust as an intermediate translation language has been developed. The result of the translation is a
library for Python that provides a software interface to the necessary methods of working with the model.
Compiler optimizations were developed and experimentally tested. Also, the efficiency of using Python as an



intermediate translation language was investigated. The results of the experiments show that the use of Python
does not significantly increase the model calculation time, while maintaining the possibility of effective expansion
of the translator. An environment for the development and analysis of agent-based epidemiological models using
the CTrace language - CTraceEnv. The developed environment provides the basic functionality necessary to
support the process of describing models in CTrace, including source code syntax highlighting, a built-in
translator, etc. The analysis functionality includes controls for model operation, values of its global parameters, an
interface for viewing the dynamics of the spread of the studied infectious disease, as well as the functionality of
exporting results for further analysis by third-party specialized tools. The developed tools for effective modeling of
the spread of infectious diseases were tested in practice. Within its framework, an agent-based epidemiological
model of the spread of the SARS-CoV-2 coronavirus among the population of Poland in the period from early
September 2020 to the end of November 2020 was defined, which was calibrated using publicly available
epidemiological data. The resulting model describes the dynamics of changes in the number of infected people
with a coefficient of determination of 0.9319, which indicates the ability of the developed approach to describe the
processes of infectious disease spread. A comparative analysis of the CTraceEnv environment as an approach to
developing effective models of infectious disease spread with existing analogues was performed. The qualitative
analysis showed that the number of scenarios that can be studied using models defined in the CTrace language is
greater than that provided by other modeling tools, with the exception of the NetLogo platform and general-
purpose programming languages. The analysis of the efficiency of the models defined in CTrace showed that the
time for calculating the simulation step is not inferior to other existing models, outperforming the NetLogo
platform by three orders of magnitude. Thus, in the worst case, the developed approach loses to the most efficient
one by 15%, and in the best case, the speed gain reaches 988%. An indirect sign of the significant advantage of the
developed toolkit is the reduction of the model source code by 14-34 times compared to Python and 16-45 times
compared to Rust. In addition to the fact that with a decrease in the amount of source code, it is logical to expect a
decrease in the time it takes to write it, one should also expect a decrease in the number of errors, which also has
a positive impact on the efficiency of developing models of infectious disease spread. The practical significance of
the obtained results lies in the possibility of using the developed subject-oriented language and software
environment for prototyping, developing and analyzing agent-based models of infectious disease spread. The
existing software interface allows the integration of the developed models into existing software systems.
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