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Abstract : Since the beginning of the Covid-19 pandemic, daily new infections (solid line, left plot)
have been monitored. Yet, it is not informative enough about the dynamics of the pan-
demic and decision makers rapidly got interested in the reproduction number Rt at day
t, quantifying the number of people infected by one sick individual : Rt > 1, corresponds
to exponential spread of the virus ; while for Rt < 1, the epidemic is vanishing. Rt is
linked to daily new infections by Cori’s model [1] stating that the number of new cases
follows a nonstationary Poisson distribution whose instantaneous parameter at day t is
proportional to Rt. Direct estimation of Rt provides very irregular estimates (dashed gray
line, right plot). To obtain realistic estimates, it has been proposed to enforce temporal
regularity using a `1 penalization on the second order derivative of Rt [2]. Yet, the `1-norm
only enables to obtain approximate sparsity : the second-order derivative of the obtained
estimates are not sparse (see the magenta curve on right plot). Recent approaches [3]
have proposed numerical schemes enforcing sparsity by using a `0-norm based regulariza-
tion term. The corresponding solution is then likely to provide more accurate estimates,
despite their much higher numerical complexity. In the considered case, however, the
relatively small dimension of the problems should make it possible to use such exact
approaches. For the moment, these techniques have mostly be used coupled to quadratic
data-fidelity terms, which does not cover the estimation of Rt proposed in [2].
The purpose of this project are : 1) to get familiar with variational tools for the esti-
mation of its reproduction number ; 2) to understand the numerical challenges raised
by the `0-norm ; 3) to identify the major deadlocks in using an `0-norm penalization in
the estimation of the reproduction number Rt ; 4) to develop a propotype algorithm in
Matlab that implements the branch-and-bound optimization of the `0 norm solution.
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