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Motivace

Epidemie jsou zabiják

černý mor 14. stolet́ı
zemřelo 30 % až 60 % populace

španělská cȟripka 1918-1920
zemřelo asi 50 miliónů lid́ı
(prvńı světová válka – 15 miliónů
mrtvých)
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Motivace

Epidemie ovlivňuj́ı dějiny a ekonomiku

černý mor ⇒ sociálńı nepokoje

zámǒrská expanze Evropy

až 95 % domorodých obyvatel vymřelo na evropské
nemoci, nikoliv na evropské zbraně
Evropané věťsinou neonemocněli (proč?)

Covid
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Motivace

Epidemie lze interpretovat mnoha způsoby

nemoci

poč́ıtačové viry

š́ı̌reńı (dez)informaćı

názory, postoje

módńı trendy, technologické novinky

”
virálńı marketing“
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Motivace

Epidemie: společné vlastnosti, rozd́ıly

Co maj́ı společné? V čem se lǐśı?

nemoci: Covid, AIDS, malárie

poč́ıtačový virus

š́ı̌reńı hoaxu

š́ı̌reńı nové módńı značky

názory na kandidáty na prezidenta
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Motivace

Epidemie lze dob̌re modelovat

relativně snadná abstrakce

společné prvky r̊uzných epidemíı

stač́ı základńı parametry: infekčnost, inkubačńı doba,
úmrtnost

nepoťrebujeme znát detaily pr̊uběhu nemoci
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Motivace

Zaj́ımavost: Corrupted Blood incident

hra World of Warcraft

Corrupted Blood: programátorská chyba ⇒ epidemie ve
ȟre

Great Zombie Plague of ’08 (úmyslná epidemie)

současně model a reálné chováńı lid́ı (opuštěńı měst a
podobně)
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Motivace

Shnut́ı motivace

široké aplikace

významné téma, finančńı podpora (nap̌r. Covid, AIDS,
bio-terorismus)

relativně snadné modelováńı

ilustrace r̊uzných p̌ŕıstupů k modelováńı
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Motivace

Epidemie: otázky

Proč maj́ı epidemie r̊uznou dynamiku (stabilńı stav, ḿırné
oscilace, nepravidelné velké epidemie)?

Jak ovlivňuje struktura kontakt̊u dynamiku epidemie?

Jaká jsou vhodná preventivńı opaťreńı? Kdy a jak zavádět
karanténu?

Jak ćılit imunizaci?
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Základńı typy model̊u

Základńı typy model̊u

SIS Susceptible – Ill – Susceptible

SIR Susceptible – Ill – Recovered/Removed/Resistant

SIRS Susceptible – Ill – Resistant – Susceptible
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Základńı typy model̊u

Základńı typy model̊u
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Matematické modely

SIS model

SIS = Susceptible – Ill – Susceptible

dS/dt = −βSI + γI
dI/dt = βSI − γI

po algebraických úpravách ekvivalentńı:

dY /dt = rY (1− Y /K )

což je rovnice pro logistický r̊ust, tj. chováńı tohoto
jednoduchého modelu smě̌ruje vždy k rovnovážnému stavu
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Matematické modely

SIR model

SIR = Susceptible – Ill – Removed (Resistant)

základńı
”
Kermack-McKendrick model“

dS/dt = −βSI
dI/dt = βSI − γI
dR/dt = γI

epidemie propukne pouze pokud βS/γ > 1 (threshold)
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Matematické modely

SIR: Výsledky simulace
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Matematické modely

SIR: Srovnáńı s realitou
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Matematické modely

SIRS model

SIRS = Susceptible - Ill - Resistant - Susceptible
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Modely s agenty

Modely s agenty

základńı model:

agenti se pohybuj́ı po prostoru

každý má sv̊uj stav (S, I, R)

p̌ri kontaktu možnost p̌renosu nemoci
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Modely s agenty

SIR: Simulace
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Modely s agenty

SIR: Výsledky simulace, srovnáńı
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Komplexńı śıtě

Vliv topologie śıtě

standardńı model – homogenńı prosťred́ı

jaký vliv má topologie śıtě, po které se epidemie š́ı̌ŕı?
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Komplexńı śıtě

SIR: Simulace
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Komplexńı śıtě

Epidemie v bezškálovitých śıt́ıch

neexistuje kritická hranice – i viry s velmi malou
nakažlivost́ı se mohou rozš́ı̌rit (d́ıky uzl̊um s vysokým
stupněm)

uniformńı imunizace je poměrně neúčinná

ćılená imunizace (zasahuj́ıćı hlavně uzly s vysokým
stupněm) však může být velmi účinná

Praktické poučeńı: nap̌r. pro boj s AIDS.
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Komplexńı śıtě

Epidemie v bezškálovitých śıt́ıch
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Rozš́ı̌reńı

Rozš́ı̌reńı základńıch model̊u

kontakty v rámci populace

heterogenita populace

populačńı dynamika, čas

zásahy proti epidemii

mutace
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Rozš́ı̌reńı

Kontakty v rámci populace

sěrazeno podle ḿıry abstrakce:

homogenńı

subpopulace (ostrovy, sociálńı skupiny)

abstraktńı model společenského života

sociálńı śıt’

konkrétńı data
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Rozš́ı̌reńı

Heterogenita populace

věk

imunita

množstv́ı kontakt̊u
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Rozš́ı̌reńı

Populačńı dynamika, čas

důležité u nemoćı s trvalou imunitou (SIR)

populačńı dynamika – trvalý p̌ŕısun nových obět́ı

daľśı časové hledisko: nap̌r. ročńı obdob́ı (viz cȟripka)
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Rozš́ı̌reńı

Zásahy proti epidemii

vakcinace

preventivńı
plošná
ćılená (subpopulace, sledováńı kontakt̊u)

sńıžeńı množstv́ı kontakt̊u (karanténa, izolace)

vybit́ı nemocných (p̌ŕıp. i zdravých)

”
povzbuzeńı“ epidemie v p̌ŕıpadě marketingu, š́ı̌reńı informaćı
(nap̌r. reklama plošná vs ćılená)
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Rozš́ı̌reńı

Mutace nemoćı

nové varianty nemoci (nap̌r. cȟripka)

rozlǐseńı mezi stavem
”
náchylný“ a

”
odolný“ nemuśı být

dostatečné

koevoluce mezi populaćı (lékem) a virem
(Sexual reproduction as an adaptation to resist parasites,
resistence v̊uči antibiotik̊um)

využit́ı genetických algoritmů
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Př́ıklady aplikaćı

jednoduché modely: cvičeńı, Netlogo models library

sťredně složitý model: neštovice

rozsáhlý systém: EpiSimS
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Netlogo models library

Biology / HIV

model s agenty v prostoru
vytvá̌reńı pár̊u (nastavitelná

”
stálost“)

preventivńı opaťreńı (kondomy, testy)

Biology / Virus

variace na SIRS
kombinace s populačńı dynamikou

Networks / Virus on a Network

model na śıti
kombinace SIS/SIR
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Netlogo models library

Curricular Models / epiDEM

Basic

základńı SIR model (variace na Kermack-McKendrick)

Basic, Travel and Control

rozš́ı̌rená práce s prostorem
subpopulace
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Covid: jednoduché ilustračńı modely

b̌rezen 2020, začátek epidemie, modely osvětluj́ıćı základńı
principy š́ı̌reńı epidemie

3Blue1Brown: Exponential growth and epidemics
https://www.youtube.com/watch?v=Kas0tIxDvrg

3Blue1Brown: Simulating an epidemic
https://www.youtube.com/watch?v=gxAaO2rsdIs

Why outbreaks like coronavirus spread exponentially, and
how to “flatten the curve”
https://www.washingtonpost.com/graphics/2020/world/corona-simulator/

Tomas Pueyo: Coronavirus: Why You Must Act Now
https://tomaspueyo.medium.com/coronavirus-act-today-or-people-will-die-f4d3d9cd99ca

Tomas Pueyo: Coronavirus: The Hammer and the Dance
https://tomaspueyo.medium.com/coronavirus-the-hammer-and-the-dance-be9337092b56

https://www.youtube.com/watch?v=Kas0tIxDvrg
https://www.youtube.com/watch?v=gxAaO2rsdIs
https://www.washingtonpost.com/graphics/2020/world/corona-simulator/
https://tomaspueyo.medium.com/coronavirus-act-today-or-people-will-die-f4d3d9cd99ca
https://tomaspueyo.medium.com/coronavirus-the-hammer-and-the-dance-be9337092b56
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Neštovice

Model neštovic

Toward a containment strategy for smallpox bioterror: An
individual-based computational approach

sťredně složitý model

reálné parametry nemoci – neštovice

model vztahů mezi lidmi – rodiny, práce, škola

abstraktńı
”
města“

motivace (financováńı): bio-terorismus
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Neštovice

Základ modelu

neštovice – vyladěno dle historických dat

prosťred́ı: 2 města, domov, škola, práce, nemocnice

agenti p̌resuny: v noci doma, p̌res den ve škole/práci

na začátku 1 nemocný agent, p̌renos p̌ri kontaktu

r̊uzné způsoby intervence
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Neštovice
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Neštovice

Neštovice: parametry
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Neštovice
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Neštovice
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Neštovice
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Neštovice

Výsledky simulace
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Neštovice

Očkováńı

Strategie očkováńı: preventivně zaměstnanci nemocnice,
rodinńı p̌ŕıslušńıci zpětně.
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Neštovice

Sumárńı zpracováńı běhů
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EpiSimS

Systém EpiSimS

Epidemiological Simulation System

reálná geografická data

individuálńı heterogenńı agenti

p̌redp̌ripravené metody zásahu (vakcinace, apd.)

https://www.youtube.com/watch?v=pGftX_56X8g

https://www.youtube.com/watch?v=pGftX_56X8g
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EpiSimS

Agenti

denńı aktivity, doprava (exterńı simulačńı baĺıky)

věk, sociálńı status (zohledněno p̌ri p̌renosu nemoci)

nemoc ovlivňuje chováńı
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EpiSimS

Cȟripka v Los Angeles

pandemie cȟripky – parametry dle španělské cȟripky z
1918

okoĺı Los Angeles

16 miliónů agent̊u
0,5 miliónu ḿıst (domy, školy, pracovǐstě, ...)

studium efektivnosti r̊uzných zásahů
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EpiSimS
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EpiSimS
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EpiSimS

Covid: modelováńı pro rozhodováńı

účely model̊u: odhad účinnosti opaťreńı, predikce
budoućıho vývoje (zátěž nemocnic), dopad/plánováńı
očkováńı, ...

rozš́ı̌reńı základńıch matematických model̊u

stručný p̌rehled: Epidemiological models are important
tools for guiding COVID-19 interventions

Google Scholar: “covid epidemiology model”
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EpiSimS

Shrnut́ı

epidemie se dob̌re modeluj́ı

využit́ı r̊uzných p̌ŕıstupů k modelováńı: matematické
modely, agenti, śıtě, ...

rozsáhlé reálné aplikace
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