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MpobGrnembl

ViTMIO

/

bonblwaga HeonpeaeneHHOCTb BXOAHbIX AaHHbIX TpebyeT
NHTEepPBalibHOW OLIEHKN BbIXOAHbIX NMokasaTteneun
(3aboneBaeMocCTb 1 aNMAeMMNYECcKMe napameTpbl)

e TpebyeTcd yyecTb HeonpeaeneHHOCTb B CTPYKType

paccmaTpuBaeMoro anuanpoLecca (HEeNoHATHO, Kakas
MOZ€enb fny4llie oTpa)kaeT peanbHOCTb)
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Kakyo mogenb BbiOpaTh?

Multiagent (EpiSimS, 2005)

Compartmental (SIR model, 1927)




KaKkyio mogennb BbibpaTth? ITMO

Equation-based models Individual-based models
(SIR, SEIR, ...) (ABM, Network-based, ...)
Work fast Model realistic interactions

Oversimplify interactions Work slow



Bias-variance tradeoff iTMO

*Komnpomucc omknoHeHUs-oucnepcuu

[MpocTble mogenu CnoxHble MOAENWN CIULLKOM
NI0X0 OTpaxatoT peasibHOCTh () YBCTBUTESbHbI K OLIMOKaM B AaHHbIX
(specification error) (measurement error)



Bias-variance tradeoff iTMO

*Komnpomucc omknoHeHUs-oucnepcuu

[MpocTble mogenu CnoxHble MOAENWN CIULLKOM
NI0X0 OTpaxatoT peasibHOCTh () YBCTBUTESbHbI K OLIMOKaM B AaHHbIX
(specification error) (measurement error)

HenpaBunbHbIN NPOrHo3! HenpaBunbHbIN NporHos!
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[po oTKNOHEeHUe.



f'mbpuaHbie moaenn

Equation-based models
(SIR, SEIR, ...)

Work fast
Oversimplify interactions

1250
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When to switch to
SEIR?

Hybrid
approach
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ITMO

Individual-based models
(ABM, Network-based, ...)

Model realistic interactions
Work slow

Ste1 =St = BStlt B — transmission
Etv1 = E¢ + BSil — o,

rate
leva =1 + 0B — vl o — infection rate
Rey1 =Ry vl

y — recovery rate

How to estimate g for
SEIR?



ITMO

How to estimate [ for SEIR?
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Mpumep NnpyMeHeHuns rTMbpuagHoOn Mmogenwu
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Mistm le-5
Predicted I (stoch.) | 3
500 - = Actual |
- Predicted | (det.)
400 I ux3o 2
200 Actual Beta %
—== Predicted Beta m
200 - =
100 - W
.. -0

0 50 100 150 200 250



AnnpoKkcumaums cetesbix mogenein  I/iITMIO

; Network simulation
6000 o A === HOomogeneous pairwise

. 7 ~ Heterogeneous meanfield
== = EBCM approximation

5000 * Pref mix EBCM

B Model Avg. simulation time, sec Complexity

g SEIR ODE ~ 103 Low

i SEIR EBCM ~ 1071 Low

2 SEIR network model ~ 102 Medium
2000 Multiagent model ~ 10* High

1000

Kiss I. Z. et al. Mathematics of epidemics on networks //Cham: Springer. — 2017. —T. 598. — Ne. 2017. — C. 31.



AnnpoKkcumaums cetesbix mogenein  I/iITMIO

3000
—— SEIR-EBCM 20004 —— SEIR-EBCM
25001 —— SEIR-Network —— SEIR-Network
(") ] wnn
T y
G 2000+ o 15001
(@] @]
EJJ 15001 EJ; 1000
c c
@ @
(@] (@] |
S o0l = 500
0 0
a) T T T T T T T T T b) T T T T T T T T T
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
t, days t, days

a) Barabasi-Albert network b) Synthetic population
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ANropnuTmM OLUEHKHU

peaeneHHOCTU ViTMO

/

MonyyeHne Hanbonee NOAXoOSALLMNX 3HAYEHUIA NAapaMeTPOB NyTeM KannbpoBKu
MOZENN B COOTBETCTBUMN C UCXOOHBLIMU OAHHBLIMW O 3a60n1eBaeMoCTH.

M3mepunTb NOrpeLlHoCTb AaHHbIX U BbIOpaTh ownMbKy Moaenu (bonee wmpokme
Nosockl Ha rpadmkax COOTBETCTBYIOT BorbLUEN HEONPeAeneHHOCTU AaHHbIX)

Cosgatb N HabopoB AaHHbIX NyTeM JobaBneHUs CryvyanmHbiX OLNMOOK B
OTKannMobpoBaHHYO MOAENbHY KPUBYHO

|_|OBTOpHO OUEeHNTb NapaMeTpbl MOAESIN NYTEM KaJ'Il/I6pOBKl/I Mogernnm Ha ocHoBe
CreHepnpoBaHHbIX AAaHHbIX

XapaktepucTuka pacrnpeaeneHus napameTpoB Moaenu

Inspired by: Chowell, G.: Fitting dynamic models to epidemic outbreaks with quantified

uncertainty: a primer for parameter uncertainty, identifiability, and forecasts. Infect. Dis.

Model. 2(3), 379-398 (2017)
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SIR model re-fitting

Saint Petersburg, 2010-2011

95% Cl| bootstrapped curves - age groups
25000 (] pp ge group
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I/iITMIO
Saint Petersburg, 2010-2011
95% CI bootstrapped curves - strains
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Visualization of re-fitted curves after bootstrap procedure for the epidemic season of influenza

in 2010-2011 in St. Petersburg, Russia




Incidence, cases

SIR model forecasting

Saint Petersburg, 2010-2011

Nsample = 8
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ViTMIO

Saint Petersburg, 2010-2011

Nsample = 12
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Four weeks forecast derived from the empirical distributions acquired after n = 1000 resamples
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Assessing values of epidemic indicators |IiTMO

Saint Petersburg, 2010 — 2011
95% CI Rt bootstrapped curves
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COVID parameter estimation I/iTIVIO

Saint Petershurg, 2020-2021 Saint Petersburg, 2020-2021
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ABC-SMC ons ceteBou Moaoenu
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Rho (initial infection fraction)
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BuiBoAbI

VITMIO

/

BbIny paccMoTpeHbl BapuaHTbl OLIEHKU HeonpeaeneHHoCT! ncxoas U3
HeornpeaeneHHOCTN BXOAHbIX AaHHbIX, peann3oBaHbl anropuTMbl MHTEPBarbHbIX
OLIEHOK

Bbina chopmmpoBaHa HOMeHKNaTypa Moaeneun pasHon CTPYKTYPHOW CIOXHOCTN,
onpoboBaH MeTo OUEHKN ONTUMAaribHOW CIOXHOCTU Ha ocHoBe AlC

He nonyuunnocb obuTbCa NOHMMaHUS, Kako N3 METOA0B OLEHOK HeonpeaeneHHOCTH
«NpaBUnbHbINY. He BbILWNO BbIBECTU aHANMUTUYECKU POpMYIy HeonpeaeneHHOCTH
BbIXxOJa B 3aBMCUMOCTU OT BXOAa.

He nony4yunocb cdhopmmpoBaTth ynopagodeHHoe MHOXEeCTBO Moaernen ¢
OAHO3Ha4YHbIM BbIDOPOM Mexay HUMK (npobnema Rashomon sets)
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Cnacu6o 3a BHuUMaHue!
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