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Activity in the doctoral program in 
mathematics spans a broad spectrum, 
from fundamental research in algebra, 
analysis, geometry, probability and 
topology to concrete applications 
of numerical analysis, optimization 
and statistics. Interdisciplinary 
projects capitalizing on synergies with 
other EPFL doctoral programs are 
encouraged.

Risk is inescapable, but often it is important to estimate it as well as possible.  
Insurance companies must gauge risks accurately in order to set premiums, banks must understand their 
exposure to shocks in financial markets, and public authorities must estimate the likely scale of floods 
and other disasters when determining planning regulations.  Accurate estimation of risk involves 
extrapolation from observed past events to possible future ones, using statistical modeling to 
fit stochastic models suitable for rare events.  Such models involve Poisson point processes, 
regular variation, stochastic processes on general spaces and random sets, and their 
estimation requires advanced ideas from modern statistics.  Recent applications 
include estimation of the size and extent of future heat waves or cold snaps, 
space-time modeling of extreme rainfall and snowfall, probabilities of 
joint flooding at points on a river network, risk to power stations from 
windstorms and lightning strikes, and applications in finance.



Sphere Packing Solved in 
Higher Dimensions
The sphere packing problem asks for the best possible 
way to fill an euclidean space with identical spheres. This 
is one of the most venerable problems in mathematics going 
back to L. Euler and J. Kepler.  The problem is also of practical 
importance especially in information theory (for instance to build 
optimal error correcting codes). Despite its innocuous aspect, 
the problem has resisted efforts from the best minds for centuries: 
it is only in the 50’s that Lazlo Toth proved that the « honeycomb » 
packing (the one created by bees) is the best for the plane and at the end 
of the 20th century that Thomas Hales proved that the « orange packing » 
(the one in farmers markets) is the best for the 3-dimensional space. It was 
therefore a considerable shock when, in the spring 2016, Maryna Viazovska 

-then Postdoc in Berlin-, posted two preprints solving the problem in 
dimension 8 and 24 (the second joint with H. Cohn, A. Kumar, S. Miller 

and D. Radchenko.) A remarkable feature of her solution is that her 
methods are entirely different from those of Toth and Hales: instead 

of combinatorial optimization techniques, she made use of some of 
the most important objects from number theory: modular forms. This 

groundbreaking work earned Maryna Viazovska (who now holds the 
Chair of Number Theory at EPFL) a number of honors: invited lectures 

series in the best universities worldwide, an invitation to speak at 
the 2018 International Congress of Mathematicians and a number of 
international prizes including the 2018 New Horizon Prize in Mathematics.

Prof. Michel about Prof. Viazovska’s research

How does the 
structure of the brain shape 
its functions? 

At the Laboratory of Topology and Neuroscience I am developing new 
mathematical theories to answer one of the most fascinating question in 
neuroscience: how does the structure of the brain shape its functions? 
In collaboration with the neuroscientists from the Blue Brain Project, 
we are using algebraic topology to analyzing the architecture of 
the brain, which is formed by billions of neural connections. The 
structure of those neural connections and the patterns generated by 
neural activities form incredibly rich and complex networks. The 
sophisticated theory of algebraic topology provides us with a powerful 
framework to quantitatively describe both the function and the shape 
of these networks. For instance, by turning the neural networks into 
simplicial complexes, a higher-dimensional version of graphs, we 
quantify their complexity by the presence of higher-dimensional 
structures, such as cycles or cavities. These structures are believed 
to play a crucial role in the information flow in the brain.
In parallel, my research focuses on developing signal processing 
techniques based on notions from algebraic topology. 

Together with Prof. Vandergheynst’s 
Signal Processing laboratory, we are 

extending the theory of signal processing 
on graphs to simplicial complexes, with 
applications that range from neuroscience 

to reconstruction of meshes.

Stefania Ebli, PhD student at the Laboratory 
for Topology and Neuroscience
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Program requirements 

A master’s degree or an equivalent title in mathematics, 
physics, computer science, or related fields is required of 
all applicants.
phd.epfl.ch/application

Contact
EPFL AA EDMA, MA B2 424 (Bâtiment MA) 
Station 8
CH-1015 Lausanne 
edma@epfl.ch  ©
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ABBÉ Emmanuel Chair of Mathematical Data Science mds.epfl.ch/

ABDULLE Assyr Chair of Computational Mathematics and Numerical Analysis (ANMC) anmc.epfl.ch

ARU Juhan Chair of Random Geometry rgm.epfl.ch

BUFFA Annalisa Chair of Numerical Modelling and Simulation (MNS) mns.epfl.ch

COLOMBO Maria Chair of Mathematical Analysis, Calculus of Variations and PDES amcv.epfl.ch

DALANG Robert Chair of Probability (PROB) prob.epfl.ch

DAVISON Anthony Chair of Statistics (STAT) stat.epfl.ch

DEPARIS Simone Group SCI-SB-SD people.epfl.ch/simone.deparis

EISENBRAND Friedrich Chair of Discrete Optimization (DISOPT) disopt.epfl.ch

HESS BELLWALD Kathryn Laboratory for Topology and Neuroscience (UPHESS) hessbellwald-lab.epfl.ch

HESTHAVEN Jan S. Chair of Computational Mathematics and Simulation Science (MCSS) mcss.epfl.ch

HONGLER Clement Chair of Statistical Field Theory Group (CSFT) csft.epfl.ch

JETCHEV Dimitar Jetchev Group (GR-JET) grjet.epfl.ch

KRESSNER Daniel CADMOS Chair of Numerical Algorithms and High-Performance Computing 
(ANCHP)

anchp.epfl.ch

KRIEGER Joachim Chair of Partial Differential Equations (PDE) pde.epfl.ch

MADDOCKS John Laboratory for Computation and Visualization in Mathematics and 
Mechanics (LCVMM) 

lcvmwww.epfl.ch

MICHEL Philippe Chair of Analytic Number Theory (TAN) tan.epfl.ch

MONOD Nicolas Chair of Ergodic and Geometric Group Theory (EGG) egg.epfl.ch

MORGENTHALER Stephan Chair of Applied Statistics (STAP)  stap.epfl.ch

MOUNTFORD Thomas Chair of Stochastic Processes (PRST) prst.epfl.ch

NGUYÊN hoài-minh Chair of Analysis and Applied Mathematics (CAMA) cama.epfl.ch

NOBILE Fabio CADMOS Chair of Scientific Computing and Uncertainty Quantification 
(CSQI) 

csqi.epfl.ch

OLHEDE Sofia C Chair of Statistical Data Science SDS people.epfl.ch/sofia.olhede

PACH János Chair of Combinatorial Geometry (DCG) dcg.epfl.ch

PANARETOS Victor Chair of Mathematical Statistics (SMAT) smat.epfl.ch

PATAKFALVI  Zsolt Chair of Algebraic Geometry (CAG) cag.epfl.ch

PICASSO Marco Picasso Group (GR-PI) asn.epfl.ch

SHOKROLLAHI Mohammad Amin Laboratory of Algorithmic Mathematics (LMA) algo.epfl.ch

STUBBE Joachim Group SCI-SB-JS people.epfl.ch/joachim.stubbe

TESTERMAN Donna Testerman Group (GR-TES) gr-tes.epfl.ch/~testerma

TROYANOV Marc Troyanov Group (GR-TR) sma.epfl.ch/~troyanov

VIAZOVSKA Maryna Chair of Number Theory (TN) tn.epfl.ch


