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# 362. Intelligent Agent-based Simulation of Measles Epidemic
Process

Chumachenko D.!, Chumachenko T.2, Rodyna R.?

"National Aerospace University “Kharkiv Aviation Institute”;
2Kharkiv National Medical University;

3SI Public Health Center of the MoH of Ukraine

Introduction. The measles outbreak, which affects European
countries, hits Ukraine most strongly; among 59,578 confirmed
cases reported in the European Region of the World Health
Organization in 12 months (December 2017 - November 2018),
36,520 cases were registered in Ukraine. The incidence rate was
the highest in the world and amounted to 821.81 per 1 million
population. Therefore, forecasting the incidence of measles in
modern conditions is an urgent task of public health.

Known models of epidemic process simulate the dynamics as
deterministic process in homogenous environment. To eliminate
these drawbacks, the agent-based simulation was developed. It
allows taking into account a large number of factors influencing the
process of measles distribution.

Aim of the research is to develop an agent-based model of measles
epidemic process, which allows the construction of a prognostic
morbidity for the selected territory and population.

Methods. The data used for the projection included: 1) monthly new
cases of measles by age groups and territories (oblasts of Ukraine);
2) measles vaccine first and second dose coverage with among
children. The data were collected by the Public Health Center of the
MOH of Ukraine. Software implementation of the tasks performed in
the Visual Studio 2013 development environment using C#
programming language.

Results. Let’s consider agent as a simulation of human with
different states (susceptible to the infection, immune, exposed,
recovered, etc.) and rules of interaction with each other and
environment. The behavior of the agents is specified on a local level
and dynamics of the system is defined as the result of the
interaction of multiple agents. The result of the program allows
building a predictive incidence of measles infection based on real
statistics.

Developed model allows to identify the dynamic patterns of infection
and make a prediction for a certain period of time. Simulation has
shown that delayed vaccination of children aged one and six years
of age contributes to worsening of the epidemic situation, leads to
the occurrence of measles cases not only in children but also
among adults, remains susceptible or has lost artificial vaccine
immunity. The accuracy of the calculated forecast is 93.7%.
Conclusions. It can be argued that the agent-based simulation is
good for forecasting of the epidemic process, which depends on
many external factors and where each element of the system has its
own unique properties. The advantage of agent-based models is
that they allow predicting the behavior of any disease in the territory
of any size, and taking into account many factors of the agent,
quality of preventive events, control measures against the disease,
etc. In addition, the model has the ability to display the effect of one
or another external factor in the change of system state in real time.
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# 362. IHTeneKTyanbHe MyJibTUareHTHe MOAeNtoBaHHA
enigemMiyHoro npowecy Kopy

YymayeHko [1.", YymayeHko T.2, PoguHa P.2
"HavioHannbH1i aepoKoCMidHUI yHiBepcuTeT imeHi M.€.
)KyKoBCbKOro «XapkiBCbKuvi aBiaLiviHui iHCTUTYT »;
2XapkiBCbKW HaLioHaIbHWA MeANYHWIA YHIBEPCUTET;

3[Y «lleHTp rpomagckkoro 3goposa MO3 Ykpaitu»

BeTtyn. Cnanax Kopy, AKWIA 3a4inae eBPONenchbKi KpaiHu, HanbinbLu
cvnbHO BAapvB no Ykpaini: cepen 59 578 niaTBepaXXeHnx
BMNaaKiB, 3apEECTPOBaHNX B €BPONENCLKOMY perioHi BcecBiTHbOI
opraHisaLii 0OXopoHu 300poB’A 3a 12 micAuiB (rpyAeHb 2017 -
nvctonap, 2018 pp.), 36 520 BMnNaakiB 3apeecTpoBaHo B YKpaiHi.
[Moka3HWK 3axBOPIOBAHOCTI HA 1 MTH. HaceneHHA 6yB HaMBULLUM B
cBiTi Ta cknas 821,81. ToMy NporHo3yBaHHA 3aXBOPIOBAHOCTi Ha
Kip B Cy4aCcHMX YMOBax € akTyasibHOIO 3a4a4eto rpoMancbkoro
3[00poB’A.

Bigomi Mmogeni enigemivyHoro npouecy MoaeniolTb AMHAMIKY AK
[eTepMiHOBaHUI NpoLec B O[HOPIAHOMY cepenoBuiui. LLlo6
YCYHYTU Ui Heaonikun, 6yno po3pobneHo MynbTuareHTHe
mogentoBaHHA. Lle no3BonAe BpaxoByBaTu BEMKY KiNbKiCTb
haKTopiB, L0 BMNIMBAIOTH HA MPOLEC NOLUMPEHHA KOPY.

MeTa pocnipxeHHA. Po3pobuty MynbTuareHTHy Moaenb
enifemiyHoro npoLecy Kopy, fika A03BoNTb po3paxyBaTu
NMPOrHOCTUYHY 3aXBOPIOBAHICTb ANA 06paHoi TepuTopii Ta
HacesneHHA.

MeToaw. [laHi, WO BUKOPMCTaHi ANA NPOrHO3Yy, BK/OYaIn HOBI
BUMaAKN KOPY 3a MiCALAMK, PO3MnodifeHy 3a BikOBUMU rpynamu i
TepuTopiAaMn (obnactammn YKpaiHn); WeneHiCTb OQHO Ta ABOMa
[03aMV BaKLMHW NPOTU KOPY, MapoTUTY i KpacHyXu; AaHi ynn
3ibpaHi LleHTpom rpomapcbkoro 3gopos'a MO3 YkpaiHu.
MporpamHa peanisauia 3agadvi BUKOHaHa B cepeaoByLLi PO3pobKu
Visual Studio 2013 3 BUKOpMCTaHHAM MOBUY nporpamyBaHHA C#.
Pe3synbTaTtn. Po3rnAHemMo areHTa AK CUMYNALLO JIIOAUHN 3
Pi3HMMM cTaHamu (CMPUNHATAMBUA OO0 iHADEKLi, IMyHHWUIA, XBOPUIA,
TOMW, WO BMAY>XaB, TOLO) i npaBuiamm B3aeMomji OANH 3 OOHUM i
HaBKOJMLLHIM cepepoBuLleM. NoBediHka areHTiB 3a/aeTbCA Ha
JIOKasibHOMY PiBHi, 8 ANHaMika CUCTEMU BU3HAYAETHLCA AK
pes3ynbTaT B3aeEMOLji CyKyMnHOCTI areHTiB. Pe3ynbTaT nporpamu
[o3BosiA€ 6yayBaTV MPOrHO30BaHy 3aXBOPIOBAHICTb Ha Kip Ha
OCHOBI peanbHOi CTaTUCTUKW.

Po3pobneHa mogenb [03BONAE BUABNATU ONHAMIYHI
3aKOHOMIPHOCTI 3apa>KeHHA i pOBUTU MPOrHO3 Ha NEBHWI NEPIioA,
yacy. MogentoBaHHA Nokasano, Lo 3aTpMMKa BakuuHauii aiten y
BiLli O4HOr0 POKY i WiCTb POKiB CIPUAE MOTipLUEHHIO enifeMi4Hoi
cuTyadii, NpM3BOaUTbL A0 NOABU BUNAAKIB KOPY HE TiNlbKW Yy AiTen,
ane TakoX i cepepn, AOPOCIIOro HaceeHHA, AKe 3anunLlaeTbeA
CMPUAHATNBMM ab0 BTPaTWUIIO LWTYYHUI NiCNABaKUWHANBHWN
iMyHiTET. TOYHICTb pO3paxoBaHOro NPOrHo3y cTaHoBUTb 93,7%.
BucHoBku. MoxxHa cTBepaXKyBaTH, L0 MyNbTUAreHTHe
MofentoBaHHA e(PEKTUBHO BUKOPUCTOBYBATU AJ1A MPOrHO3yBaHHA
enifemiyHoro nNpouecy, AKNA 3a5eXnTb Big, 6araTbox 30BHILLHIX
(haKTOpIB i A€ KOXXEH eIEMEHT CUCTEMU Ma€E CBOI YHiKabHi
BnacTmBocCTi. [epeBara Moaenen Ha OCHOBI areHTiB NosArae B
TOMy, LU0 BOHM [,03BO/AIOTH MPOrHO3yBaTW NOBEAiIHKY 6yAb-AKOro
3axBOPIOBAHHA Ha TepuTopii ByAb-AKOro po3mipy i 6patu oo ysaru
6araTo YHHWKIB areHTa, AKICTb NPOBEeAEHHA NPOiNaKTUKK,
3axoam 60poTbOM i3 3aXBOPIOBAHHAM, i iHLI. TakoXX Moaenb mae
MOXXJIMBICTb Bigo6paXkaTu BB TOFO YU iHLIOrO 30BHILLHLOIO
hakTopa Ha 3MiHy CTaHy CUCTEMU B PEXXUMI peasibHOro 4acy.
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