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Dynamic Bayesian Network

Infected
S->E

Value: 0.020 
99.00% S
0.00% E
1.00% I
0.00% R
0.00% D

Pop_d

Value: 0.025 
98.58% S

0.42% E
0.96% I
0.04% R
0.00% D

Pop_d+1

Differential Equations

S E I

D

R
infected*S*I/N sick*E

died*I

recovered*I

Compartmental Epidemiological Model

Pop_dPop_d
SS
EE
II
RR
DD

SS EE II RR DD
99.571 0.429 0.000 0.000 0.000
0.000 80.000 20.000 0.000 0.000
0.000 0.000 96.000 3.979 0.021
0.000 0.000 0.000 100.000 0.000
0.000 0.000 0.000 0.000 100.000

(?R_0?/?#DayContagious?)*StateProb(?Pop_d?, "I")
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(?R_0?/?#DayContagious?)*StateProb(?Pop_t?, "I")

S E I

D

R
Infected Sick

Died

Recovered

(1-?DeathRate?)/?#DaySick?

?DeathRate?/?#DaySick?
1/?#DayIncubation?

Pop_d

Pop_d+1

Infected
S->E

Sick
E->I

Recovered
I->R

Died
I->D

Name (6) Type Value

#DayContagious Real 7

#DayIncubation Real 5

#DaySick Real 25

DeathRate Real 0.0053

Population Integer 100

R_0 Real 3.0



Python Code (SciPy) for Solving this System of Differential Equations
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Pop_h

Pop_h+1

Infected S->E Infectious E->I Recovered I->R Died I->D

Pop_hPop_h
SS
EE
II
RR
DD

SS EE II RR DD
99.999 0.001 0.000 0.000 0.000
0.000 99.167 0.833 0.000 0.000
0.000 0.000 99.833 0.166 0.001
0.000 0.000 0.000 100.000 0.000
0.000 0.000 0.000 0.000 100.000

Name (6) Type Value

#HourContagious Real 168.0

#HourIncubation Real 120.0

#HourSick Real 600.0

DeathRate Real 0.0053

Population Integer 100

R_0 Real 3.0
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(?R_0?/(?#DayContagiousI?+?#DayContagiousEc?)) * 
(StateProb(?Pop_t?, "I_c") + StateProb(?Pop_t?, “E_c"))

S E Ec Ic

Im Ih

D

R

1/(?#DayIncubation?-?#DayIncubationEc?)

1/?#DayIncubationEc?

MildRate?/?#DaySickC?

?HospitalizationRate?/?#DaySickC?

?AsymptomaticRate?/?#DaySickC?

1/?#DaySick?

(1-?DeathRate?)/?#DaySick? ?DeathRate?/?#DaySick?

S2E3IRD Model for France



Markov Chain

Static 
Markov Chain 

Parameters
Dynamic R_t

Lockdown Effect

Dynamic Markov 
Chain Parameter

 

French Population 

R_t

Pop_t

Pop_t+1

Recovered_a
Ic->R

Recovered_m
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Recovered_h
Ih->R

Died
Ih->D
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Sick_h
Ic->Ih

R_range

Rt

Rt_PostLD

Infected
S->E

Contagious
E->Ec
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Internal Optimization - Death Rate
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DeathR
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Recovered_m
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Recovered_h
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DIcES REc Im Ih

R

Rm

ErrorD

ErrorDm

drm
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if(?Binary?=1, 
(?Val? - ?Min?) / (?Max? - ?Min?), 
1- (?Val? - ?Min?) / (?Max? - ?Min?))

Min Max

Max - Min

0 1

Binary

Val
MeanValue(?Binary?) * (?Max? - ?Min?) + ?Min?



Optimization with the Java API via Python 



Optimization with the API
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r_0m ar
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Simulations
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