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Objective and content of the Internship This internship proposal is part of the
research project "HAPPY” funded by the ANR, which deals with better understanding
non-linear Hawkes processes. Hawkes processes are point processes used to model the
occurrences of a given event and their impact on the probability of future events. For
this reason, they became popular in many domains, for example in finance, neuroscience
or epidemiology. A main challenge comes from the fact that the intensity of a Hawkes
is random and depends on the whole past of the process, which makes the process non
markovian in a general setting.

Linear Hawkes processes are easier to handle. A linear Hawkes process N; admits an
intensity of the form

t
A = u+/ h(t — s)dN,
0

where 1 > 0 and h is a L! function. In this internship we want to develop testing
procedures to assess that observations derive from a linear Hawkes process. The question
of constructing a non parametric test (for any p and h with ||h||; < 1) is difficult as it
requires the construction of estimators for p and h. Therefore, we will first focus on a
parametric setting where h is an exponential function:

t
Aﬁ“"‘) = +/ exp(—a(t —s))dNs  p,a >0
0

This case is interesting on its own as then, the Hawkes process is a Markov process. Such
modelisation is often encountered in practice therefore having test procedure that permits
to validate their use is important.

More precisely, we assume that we observe a sequence of times (77 < 75 < ...) on a
long time interval generated from a point process N. We want to test the null hypothesis
that

Hy = {3p, a > 0 such that intensity of the counting process Ny is A#¥}.
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The roadmap for the internship is then

e Build estimators of the parameters (i, a) from the observations of a Hawkes process
N with intensity A(**) using maximum likelihood estimators.

e Study the later estimators using the ergodic properties of N; when Hj is satisfied.

Namely that
N; p,H, 7

—
t t—oo 1—1/Oé

and the associated Central Limit Theorem /#(£t — 1Jf/a) f’ﬂ> N(0,0?). The aim
—00

being characterizing the limit distribution under Hy of the quantity

Vi (1 —ﬂ1/(34 1 —M1/a>

e Propose a testing procedure for Hy and study, for different alternative hypothesis
H,, its performances.

Extensions to more general functions h are then possible. The same roadmap can be in-
vestigated; the estimation of « is then replaced by the more difficult problem of estimating
the L' norm of h.
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