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Context

We focus on the problem of learning time-variant coeffi-

cients of the SIDARTHE [1] epidemic model. We forecast

the spread of COVID-19 outbreak in Italy and France. The

problem is formulated in terms of a functional risk that de-

pends on the learning variables through the solutions of a

dynamic system. The resulting variational problem is then

solved by using a gradient flow on a suitable, regularized

functional.
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Legend:

S(t) susceptible individuals, I(t) asymptomatic infected un-

detected, D(t) asymptomatic infected detected, A(t) symp-
tomatic infected undetected, R(t) symptomatic infected de-
tected, T (t) acutely symptomatic infected detected, H(t)
healed, E(t) deceased.

Differential Equations

Ṡ(t) = −S(t)
(
αI(t)+βD(t)+γA(t)+δR(t)

)
;

İ(t) = S(t)
(
αI(t)+βD(t)+γA(t)+δR(t)

)
−(ε+ζ+λ)I(t);

Ḋ(t) = εI(t)−(η+ρ)D(t);
Ȧ(t) = ζI(t)−(θ+µ+κ+φ)A(t);
Ṙ(t) = ηD(t)+θA(t)−(ν+ξ+χ)R(t);
Ṫ (t) = µA(t)+νR(t)−(σ+τ )T (t);
Ḣ(t) = λI(t)+ρD(t)+κA(t)+ξR(t)+σT (t);
Ė(t) = φA(t)+χR(t)+τT (t),

with initial conditions:

(S0, I0, D0, A0, R0, T 0, H0, E0) =: z0,

and parameters:

u(t) =(α(t), β(t), γ(t), δ(t), ε(t), ζ(t), η(t), θ(t), κ(t),
λ(t), µ(t), ν(t), ξ(t), ρ(t), σ(t), φ(t), χ(t), τ (t)).
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ε + ξ

(
α + βε
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+ δ

ν + ξ + χ

(
ηε

η + ρ
+ ζθ
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))
.

Learning SIDARTHE Coefficients

The parameters u are learned by fitting the corresponding

compartments D, R, T , H , E to the official data D̂, R̂, T̂ , Ĥd,

Ê. We minimize the functional risk F (u) defined below:

F (u) :=
∫ T

0

m

2
|u̇(t)|2 + ϕ(t, u) dt, m > 0

ϕ(t, u) :=eD

2
(D(t, u, z0)−D̂(t))2+eR

2
(R(t, u, z0)−R̂(t))2

+eT

2
(T (t, u, z0)−T̂ (t))2+eH

2
(Hd(t, u, z0)−Ĥ(t))2

+eE

2
(E(t, u, z0)−Ê(t))2.

Data

Italian and French epidemiological data, gathered from offi-

cial daily reports up to September 30, 2020.

Data was split into train, validation and test.

Outbreak forecasting

Model forecast on Italian and French Test

data. Mean Absolute Percentage Error

(MAPE), and the fraction of days d where

the predictions are within an error

threshold of 30%.

Italy France

MAPE d MAPE d

D 16% 20/25 41% 10/25

R 8% 25/25 84% 3/25

T 19% 25/25 16% 25/25

H 4% 25/25 2% 24/24

E 6% 25/25 5% 25/25
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