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2. Programming Language and Software Tools for Description of Agent-Based Models of the Spread of Infectious
Diseases

Pedepar:

1. Pobota npucesiueHa CTBOPEHHIO iHCTPYMEHTAJILHOTO 3a0e31edeHHs 119 €(peKTUBHOIO MOJIEJII0BaHHSI IIPOLIECiB
PO3IIOBCIOKEHHS iH(eKUiNHNX 3aXBOpIoBaHb. O6'€KT: CyYacHi MiIX0au 1O CTBOPEHHS MOB OIKCY MOJIEJIEH.
[IlpegMeT: mpOrpaMHi iIHCTPYMEHTH ONMCY ar€HTHUX MoZeiel. MeTony NOCiIpKeHb: CUCTEMAaTUYHUH MTOLIYK Ta
aHai3 jirepaTypu y cdepi enizemiosorivHoro MofiesI0BaHHs. B npolieci nocigkeHHs 0yl BUKOPUCTaHi METOAU
CTaTUCTUYHOTO aHaJli3y, IOOYNOBU rPamMaTUKU (POPMAJIbHAX MOB, aJIFOPUTMHU JIEKCUYHOTO Ta CUHTAaKCUYHOTO
aHanisy. Y qucepTrauiiiHiil po60Ti OTPMMaHO HM3KY HayKOBUX PE3yJIbTATiB, 30KPEMA, JaHO BU3HAYEHHS (POPMAJIbHO]

rpaMaTyKu MOBU OIMCY areHTHUX MOjiesiel pO3IOBCIOIKeHHs! iH(eKIiliHMX 3axBopoBaHb CTrace Ha OCHOBI



pO3pobJIeHOi 3araibHOI areHTHO] enifeMiosioriyHoi mogeni. Po3po6ieHnii Tpanciatop mosu CTrace 3 Python a6o
Rust sik mpomi>xkHOI MOBU TpaHcsLii. PesysabTaToM poboTu TpaHcsaLii € 6i6mioTeka 1jst mosu Python, mo Hanae
nIporpamHuii intepgeric 10 HeoOXiJHUX METOLiB poOOTH 3 MoAesI0. Byiu po3pobieHi Ta eKCliepUMeHTAIbHO
nepesipeHi onTumisatii komningropa. Takox, 6ysa gocigkeHa e(peKTUBHICTb BUKOPUCTaHHS MoBU Python sk
IIPOMIDKHOI MOBHU TpaHCJIALiil. Pe3ysbTaT eKCIIEPMMEHTIB CBif4aTh IIPO Te, 0 BUKOPUCTaHH MoBu Python He
IIPU3BOJUTH 30 3HAYHOTO 36i/IbLIEHHS 4acy OOpaxyHKy MOZeJli, 30epiraiouy pu 1jbOMY MOKIUBICTb €(PEKTUBHOTO
PO3LINUPEHHS TPAHCSATOPA. PO3pobiieHe cepeloBuIe PO3POOKU Ta aHaJli3y areHTHUX €IileMioIoriYHuX MoJiesiel 3
BuKopuctanHaMm MoBu CTrace - CTraceEnv. Po3pobsieHe cepenioBulle Hasae 6a30Buil GyHKIiOHAN HEOOXiTHUN 1151
HigTPUMKHU IIPoLecy onucy mogenei Mmosor CTrace, o BKIII0OYa€ MiICBITKY CUHTAKCUCY BUXiZHOTO KOAY,
BOyOBaHUM TpaHcaaTop Too. Cepen GyHKIiOHANY aHali3y [IpeiCTaBleHi eJleMEeHTH KepyBaHHs poOOTOI0 MOJeJIi,
3Ha4eHb ii [7100a/IbHUX TAPAMETPIB, iHTepdeiic Neperssny AMHaAMIKU PO3NOBCIOIPKEHHS LOCiIPKyBaHOTO
iH(eKLiHOro 3aXBOPIOBAHHS, @ TAKOX (PYHKIIOHAJ €KCIIOPTY PE3yJIbTaTiB IJ1s1 OAAJIBIIOTO aHasli3y CTOPOHHIMUI
cIlelliasli3oBaHUMM iHCTpyMeHTaMU. BUKoHaHa NpakTUyHa anpobaliisi po3po6yeHOro iHCTpyMEHTapilo AJ1s
e(eKTUBHOTO MOJEJIIOBAaHHS PO3II0BCIOMKEHHS iH(PEKLINHNX 3aXBOPIOBaHb. Y ii pamkax, Oyyio JaHO BU3HAUYEHHS
areHTHOI eMifeMioyIoriyHOI Mogeli pO3IIOBCIOAKEHH KOpOoHaBipycy SARS-CoV-2 cepen Hacenenns [losbmi y
nepiop 3 noyatky BepecHs 2020 poky 1o KiHug sucronazna 2020 poky, 1o 6ysa BigkaibpoBaHa 3 BAKOPUCTAHHSIM
ny6J1iYHO JOCTYIIHUX €MifleMioJIoriYHuX AaHuX. Pe3ybTiBHA MOJeJIb ONKUCYE AUHAMIKY 3MiHU KiJIbKOCT]
iHpikoBaHuX mopen 3 KoedilieHToMm perepminaii piBHMM 0.9319, 110 CBiTYUTB PO 34ATHICTL PO3POOIEHOTO
IigXo4y OMMCYBATU [IPOLIECU PO3MOBCIOIXKEHHS iHPEKLITHMX 3aXBOPIOBaHb. BUKOHAHMI! TOPIiBHAIBHUI aHAJI3
cepenosuma CTraceEnv sk nigxony 1o po3pooku epeKTUBHUX MOZesel PO3IOBCIOIKEHHS iHpeKIiHuX
3aXBOPIOBaHb 3 HASIBHUMMU aHayloraMu. SIKiCHUI aHasli3 10Ka3as, 0 06Csr cLieHapiiB, o0 MOXKYTb OYTU JOCJIiIKEHI 3
BMKOPHMCTaHHSM 3a7aHuxX MOBOI0 CTrace mogesei € 6inbIIMM 3a TOW, 10 HAJAOTh iHIII iHCTPYMEHTH
MOJeJIIOBaHHS, 32 BUMHATKOM Iatgopmu NetLogo Ta MOB IIporpaMyBaHHS 3arajlbHOrO IIPU3HAYEHHS. AHaJi3
eeKTUBHOCTI po6oTU Mogerieil 3aaHux MoBoto CTrace 110Kasas, 1110 Yac 00YUCJIEHHS KPOKY iX CUMYJIALii He
[Iporpae iHIMM HasIBHUM MOJEJISIM, BUIlepeKady 30kpema miargopmy NetLogo Ha Tpu nopsgku. Tax, y
Halripmomy BUIa/IKy po3po06JIeHUil miaxiz, nporpae HallepeKTuBHIoMy Ha 15%, y HallKpaloMy — BUrpaul y
mBUIKOCTI csirae 988%. OrocepeiKOBaHOIO 03HAKOIO 3HAYHOI IIepeBaru po3pobJeHoro iHCTpyMeHTapilo €
3MEHIIEHHS 00CATY BUXiIHOTO KO#y Mozei y 14-34 pa3u y opiBHsHHI 3 MOBOIO Python ta 16-45 pasis 3 MOBOIO
Rust. OkpiM TOro, 110 3i 3MEHILIEHHSIM 00CSTY BUXiJHOTO KOy JIOTIYHO O4iKyBaTU i Ha 3MEHILIEHHS Yyacy 1oro
HaIlMCaHHS, CJIiJ TAKOXK O4YiKyBaTH M Ha 3MEHUIEHHS KiJIbKOCTI ITIOMUJIOK, 10 TaKOXK Ma€ TIO3UTUBHU BIJIUB Ha
edeKTUBHICTb pO3POOKU MOIesiell POLIeCiB PO3MOBCIOIKEHHS iHPeKI[iMHNX 3aXBOPIOBaHb. [IpakTUYHe 3HaUYeHHS
OJIEP>KAHUX PE3YJIbTATIB MOJISITa€ Y MOXJIMBOCTI BUKOPUCTOBYBAaTH PO3POOJIEHY IIPEAMETHO-OPi€HTOBAaHY MOBY Ta
IIpPOrpaMHe CepeJoBULIE [7Is1 IPOTOTUITYBaHHS, PO3POOKU Ta aHAJIi3y areHTHO-OPi€HTOBAaHUX MOZEJeN
PO3IIOBCIOIKEHHS iH(eKLiHNX 3aXBOpIoBaHb. HasiBHUIT TporpamMHuil inTepdeiic f03BoJIsie BUKOHYBAaTU

iHTerpyBaHHsI pO3pO6JIEHMX MOZEJIEN 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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