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Editorial

Even though the closing of this issue was delayed by the pres-
sures on everybody caused by the Covid-19 pandemic, we have
maintained December 2021 as the publication month in order
that the first two issues are counted as belonging, as initially
intended, in the year 2021. Let us hope that more favourable
circumstances will allow us to stick to our plan of publishing the
two issues of 2022 in June and December.

The Interviews in this issue have been with:

2 wro)
Q (CIMS)

2 &™)

d (Lorentz Institute)

We gratefully appreciate their effort and time to answer our ques-
tions, which will surely interest our readers.

We are glad to have ten PhD highlights in this issue. The
list of their names, ordered column-wise by the reception date of
their summaries, is as follows:

U [RoBerT CARDONA
U [Cépric Oms

U [GuiLLem Branco

U [fuan C. FeLipe U [Davip Copbony
U [lornr Roca a

Congratulations to all for their successful research, not only the
new PhDs for what amounts to a landmark step in their careers,
but also the institutional units and people, including their doc-
toral advisors, that provide the needed catalyzing structures and
arrangements.

U Jorpr Vira
U [Vasiikr VELONA
U [MariNa GARROTE

In the Outreach section you can find two pieces. One, au-
thored by [Sieon BaLL} is about Quantum Error-Correction, and
the other, authored by [Ricarp GAVALDA‘ is about Data analytics for
efficient healthcare. There are further pointers to these authors
in the Reviews section. Concerning Batt, you can find a
of his book A Course in Error-Correcting Codes and of two of his
recent In the case of GavaLpa, there is a of the
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book Machine learning for data streams, with practical examples
in MOA, co-authored with A. Biret, G. HoLMES and B. PFAHRINGER.

This time we include three Chronicles. The first, by GuiLLem
PerarNAU and Juanjo Ruk, is about the The European Con-
ference on Combinatorics, Graph Theory and Applications
6-10 September 2021), which was a success de-
spite the fact that it had to be held fully online. The second,
by Amapeu DeLsHams, is about the production of the
[[ICIAM 2019 SEMA SIMAI Springer Series|with one volume for the
plenary lectures and thirteen volumes stemming from minisym-
posia organized within ICIAM 2o19. And the third chronicle, by
Maria ArericH and SeBastiA XamBo, is about the exhibit deployed
from September 22 to December 17 at the FME, with support
from IMTech, titled |IMAGINARY: A mathematical symphonyl (“Una
simfonia matematica” in Catalan).

There is an enthralling Event ahead, as depicted by Gemma
Hucuer and Marcer Guarpia: The Tere MarTiNEz-SEARA’S Fest on
the occasion of the conference |Global and local aspects in dy
namical systems: From Exponentially small phenomena to Instabil
if)] (GLADS-22, 5-9 July, 2022). The list of topics includes:

= Global dynamics in Hamiltonian systems
= Exponentially small phenomena

= KAM theory

= Arnold diffusion

® [nvariant manifold theory

= Celestial Mechanics

= Systems with impacts

® Action-minimizing orbits and measures

In Reviews we include [five books| including the two men-
tioned before, and [six papers| including JoaQuim Serra’s overview
of his work in the EMS Magazine (June 2021) on the occasion of
having been awarded the EMS Prize for young researchers.

One of the Chronicles featured in the NLo1 was the Abel Prize
2021, awarded to LAsL6 Lovisz and Avi Wicperson. Now the last
EMS Magazine (December 2021) has published an extensive inter-
view with them, conducted by Bjorn 1. Dunpas and Curistian E
Skau, in which they answer questions about their main contribu-
tions, their wide significance, and also about the very deep links
between Discrete Mathematics and Computer Science.

We wish for all of you, contributors and readers, a most happy
and productive 2022.



Interviews

Avicia Casars? is Professor in the |Automatic
Control Department?? of the Technical Univer-
sity of Catalonia” (UPC). She leads the Re-
search Group on Intelligent Robotics and Sys-
tems?” of the Biomedical Engineering Research
Centre? (CREB-UPC).

Her background is in Electrical and Elec-
tronic Engineering (ETSEIBY), with a PhD in
Computer Vision (FIBY). Her research field is
in robotic systems and control strategies for rehabilitation, as-
sistance and surgical applications. Among other projects, she is
leading the UPC node of the European projects SARAS? (Smart
Autonomous Robot Assistant Surgeon) and IATLASY (Autonompus
Intraluminal Surgery). The research in this field has led to the cre-
ation of the companies RobSurgical Systems" and |Surgitrainer®.
She is member of the Biomedical Engineering and the Automa-
tion, Robot and Vision PhD Programs” at UPC.

In 1996 she received the City of Barcelona Prize and in 1998
the Narcis Monturiol Medal of the Catalan Government in recog-
nition of Scientific and Engineering Merit. She has had various
responsibility positions in the Robotics and Automation, and in
the Medicine and Biology societies of IEEE.

Since 2018, she is President of the Science and Technology
Department? (Secci6 de Ciéncies i Tecnologia) of the Institute of
Catalan Studies? (IEC).

NL. Your PhD research was on Computer Vision. Were you already
motivated to work on robotics or the switch to this realm came later?

AC. Computer Vision (CV) was first, robotics was still an unknown dis-
cipline in our country by that time. Research was not so common
when [ started my academic career, back in 1978, by joining the Facultat
d’Informatica}’ (FIB), which was created just at the time of my gradua-
tion. Then the big question was -what kind of research could we do?
The first steps were towards investigating the possibility of using ternary
logic, instead of binary logic, to achieve more computing power. But
comparing the higher complexity of building a trit with its information
gain with respect to a bit showed that the idea was not really worth
being pursued. Then, we decided to move to CV, quite new and chal-
lenging by then. And from the first applications of CV for industrial
applications, the research moved to robotics. Although the first robots
began to be installed in the car manufacturing sector, it was a quite lim-
ited area of application and it was a big challenge for us to discover the
technology behind and start doing research and teaching these matters.
We were the first in introducing robotics at the academic level in Spain,
also in giving courses for industry and international seminars as well.
We started investigating on the basics of robots and later going deeper
on robot control and intelligence, usually relying on the information
provided by images. And until now we have kept working on vision and
other perception means, first for industry, later for service robots, and
now mainly for medical robot applications and medical diagnosis.

How would you describe the main themes of the engineering projects
and problems you have been interested in?

The main topic of research and development has been providing cer-
tain level of intelligence to automatic and robotic systems. This research
has led to the development of projects in many different application
fields. As mentioned, first vision-based systems for industrial appli-
cations, then automation and robotics for industry and services, later
underwater robotics, and in more recent times, assistance and rehabili-
tation robotics in the field of surgical robotics. Medical robotics is now
the main focus of our research. All our robot projects have a com-
mon basis: sensing and perception systems that provide information for
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the robot’s control. But it is to be stressed that each application field
demands specific requirements and that the wide variety of working
conditions and constraints always pose new challenges.

Besides engineering, what other professional endeavors have been
driving your career?

When I was a child, teaching was the profession I dreamed to be-
come, although by then I imagined working in schools for primary and
secondary studies, the context I knew. My academic career has been
basically focused on teaching and doing research at the university, but
also on entrepreneurship, participating in the creation of several spin-off
companies. In any case I think that our duty is wider than the strict
roles of teaching and doing research and innovation.

I have been quite open to contribute to spread science and technology
at different levels and audiences, from the elder to children, and from
technicians to the general public. Research may be limited to study,
investigate, and develop in isolation, but globally research grows also
thanks to the organization of events and management of societies and
institutions that coordinate activities and spread knowledge. Therefore,
I think it is the duty of a researcher to be involved in such activities
and if possible taking responsibilities. I have been an active part in the
launching of the European Robotics Network? (EURON), and in being
member of its board, initiatives that really gave a push to the creation of
a European robotics community. I have also participated actively in the
Institute of Electrical and Electronical Engineering!? (IEEE) through the
Robotics and Automation Society®” and the Engineering in Medicine and
Biology Society” (EMBS), in which I'm still active. I have been editor, as-
sociate editor or reviewer of many national and international journals. I
have taken responsibilities or commitments in academic committees, in
evaluation processes or assessing and consulting committees at the Uni-
versity level; in Barcelona, in Catalan, Spanish and European institutions
(plus other sporadic international actions). At present I am President of
the Science and Technology Section of the IECY and also trustee of the
Universitat de Vic?.

As a woman in science, another commitment is mentoring or pro-
moting the interest among young girls for technology and in general for
STEM matters, as well as becoming a referent to give visibility to women
in responsibility positions and move forwards toward equity. Thus, in-
terventions as a “reference woman” in matters where women are scarce
is another role in my career. That is, taking part in debates, lectures,
consulting, mentoring, etc. And finally, due to the ethics issues related
to robotics and artificial intelligence, 1 participate in talks and debates in
topics related to how technology affects the society an analyze how to
face its progress.

Can you share your views about the role of mathematics in engineer-
ing in general?

Working in robotics it's obvious the high level of mathematics required
to solve problems: the geometry required to calibrate a camera and a
robotic system, the mathematical solutions to robot kinematics and dy-
namics, the calculations required to solve the physics of interacting with
objects, the modeling of deformable objects, computing the value of
physical variables from measured data from sensors, and so on.

But we may also find infinitely many examples in industry. Visiting a
factory long ago, I was surprised with the process of printing a name, a
number, a drawing or a mark on a non-flat lid of a metal tin or a bot-
tle tap, while keeping the expected appearance without deformations. I
had never thought on the process before, that is, on how mathematical
and technical issues can appear for instance in the manufacturing of a
simple object that we use frequently in our daily life. This is just an
example. More involved examples are the models from 3D printing or
figuring the expedition times in a warehouse, among many others.

At another level, we may consider the mathematics applied in space
engineering, like computing distances from measures taken at differ-
ent points, or a trajectory from a moving planet to another target that
has different dynamics and is under the effect of other external forces.
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Or let’s notice how the coronavirus pandemic has shown the value of
statistics and mathematical modelling to foresee its evolution and help
in taking decisions.

When it comes to enroll new members with a mathematical educa-
tion to one of your engineering teams, what profiles do you value
best?

We need expertise in different disciplines depending on the project
or part of a project, either computer engineering, industrial engineering,
control and automation, electronic design and microprograming, me-
chanics, and in all cases with a minimum of mathematical level, and
some of them with a solid base on mathematics and physics. However,
[ have to say that in many projects what really counts is the candidate’s
general attitude, vocation, common sense and interest, just because our
research involves multidisciplinary knowledge, initiative and real interest
on the science behind every problem and solution. Of course, profiles
combining two or more degrees or masters are ideal, particularly a com-
bination of mathematics or physics with a more technical/engineering
background, as it usually presages an open mind and a strong problem
solving capacity.

What are the biggest current mathematical challenges for robotics in
general, and for remote-surgery in particular?

The more classical mathematical problem in robotics is establish-
ing the robot kinematic model and obtain its inverse transform for its
control. But much more challenges are still open to improve robot per-
formance. One is image registration for its application to the fusion of
images: to relate the position of the patient to that of the robot and
to those of the pre-operation images (in general, camera and robotic
systems’ calibrations); or generating a full map of a scene from a series
of partial images, like aerial images of a field gained from a sequence
of images taken from a drone; or getting a full image of a placenta
produced from the surgical exploration with a fetoscope that has a very
narrow field of view.

A second challenge is the modelling of deformable tissues and objects
in view of applications to either predicting the effects of its interaction
with surgical tools or inferring from images the measure of an applied
force (this is the concept of sensor substitution or sensorless systems),
or developing simulators for training in surgery or for planning an in-
tervention that includes visual, geometric and mechanical properties of
the tissues.

Prediction is another issue, necessary to compensate delays due to
measuring techniques, computing processes and communication be-
tween modules, for example in a teleoperated system.

Finally it is worth mentioning the need to design mathematical strate-
gies to reduce calculation times of processes that require multiple iter-
ations, or a huge number of random trials. This is the case of neural
networks and deep learning in the process of training robotic systems
to operate with certain autonomy. And not to forget that some kind
of parallel robots, continuum robots, and in general redundant robots
amount to ill posed problems that need tricky mathematical solutions.

You chaired for four years the Georges Giralt PhD Awards? commit-
tee. What is your current assessment of the role played by awards in
the promotion of research and knowledge transfer?

A recognition of one’s work is motivating and may encourage fu-
ture innovative research and development. Prizes like the Georges Giralt
award is also a way to distinguish the best researchers, a way to help to
promote the recipients for new positions in competitive processes since
such recognitions are a positive point in a curriculum vitae. What be-
comes frequent news in the media is in general discouraging (political
issues, crimes, disasters), so giving visibility to a good work or career
helps to get a more positive view of the world. Unfortunately, an almost
nonexistent benefit of awards in science and technology is its visibility
to society. Artists, football players or journalists appear much more in
any kind of media. Giving more importance to science and knowledge
in general would make science and technology, and STEM too, more
visible to the society and politicians, would help to take better decisions
and motivate potential students to these fields.

In 2005 you were the General Chair of ICRAY, which is the most rele-
vant world congress on robotics. What significance do you ascribe to
that event, and to your role in it? What advice would you like to be-
stow to young researches concerning their attendance of conferences
in general, and to world-class conferences in particlar?

The ICRA is the flagship conference of the IEEE Robotics and Automa-
tion Society. A meeting point for the robotics community worldwide and
as such it was an honor being able to chair one of its editions. Holding
ICRA 2005 in Barcelona gave us the chance of visualizing our university
(UPC), Barcelona and Catalonia to roboticists worldwide. The hard work
in the previous period was enormous for me, as well as for the UPC
team that did all kind of tasks to make it run smoothly and successfully.
The main message I got is that the harder the work required to make
something successful, the bigger is the satisfaction of the consequent
positive outcome. And let me add how one such event that requires a
strong collaboration of all the team creates new ties in the group, and
apart from that, it of course reinforces international relationships.

In what refers to the interest to attend conferences, I have to say that
such events constitute a meeting point for people with common inter-
ests and a means to establish contacts and foresee future collaborations.
Although sometimes reading an article allows going deeper than listen-
ing a short presentation, the interaction with authors is worthwhile. We
should also distinguish between big conferences offering a view of the
field with participation of a big community and those more focused on
specific topics that allow deeper insight in one’s research. Anyhow, see-
ing the amount of conferences offered around, one should be selective
and choose the more convenient to attend. Some of them seem rather
conceived for the commercial interest of the organizers and at to entice
the traveling interests of attendees.

With what advanced foreign institutions do your teams sustain live
collaborations?

Our main collaborations are with: |Altair group? (University of
Verona), |Scuola Superiore Sant’Anna’? (Pisa), Medical Robotics group at
KU Leuven'’, LAAS-CNRS? (Toulouse), Polimi'” (Milano), MIT Al Lab?
(US), Fondazione Santa Lucial’ (Rome), Topro industry[? (Norway), IEEE
RASY" and EMBCY societies, plus specific collaborations with many other
groups working in European projects. The collaborations are mostly re-
lated to research, research management or evaluation and tech transfer.

Vision Based Approach

Real vs, Estimated

Force

3D reconstruction of a domestic environment for its interpretation by an assistive robot and estimation of

interaction forces between instrument and tissue from the visual analysis of tissue deformation.
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Joan Bruna 1 Estracn? is Associate Profes-
sor at the |Courant Institute of Mathemati-
cal Sciences? (CIMS) of New York University
(NYU). He belongs to the Department of Com-
puter Science?, the Department of Mathe-
matics? and the [Center for Data Science?.
He is a leading member of the group on
Computational Intelligence, Learning, Vision,
and Robotics? (the CILVR, founded by Yann
LeCun®); and also belongs to the Math and Data® group. Joan
Bruna has degrees in Mathematics and Telecommunications En-
gineering from UPCY//CFISY, a MSc in Applied Mathematics from
the ENS of Cachan?, and a PhD (2013) from Ecole Polytechnique?
(France), supervised by [Stephane Mallat?. He has been Assistant
Professor of Statistics at UC Berkeley? and part of the Berkeley
Al Research Initiative” (BAIR). At present he is the advisor of 11
PhD students and supervisor of 2 postdocs. He has engineering
experience in the private sector and is the author or coauthor of
7 patents. In 2018, he was awarded a Alfred P. Sloan Research
Fellowship?. In 2019, he received the NSF CAREER Award? for
the project Theory and Applications of Geometric Deep Learning.
In the period Fall 2019-Spring 2020, he was member? of the
School of Mathematics?” of the [nstitute for Advanced Study"
(IAS, Princeton, NJ), coinciding with the Year on Optimization and
MLY. Since 2020 he is Long-Term Visiting Scholar in the Center
for Computational Mathematics? of the Flatiron Institute? of the
Simons Foundation? in New York. And in 2020, he received
the Outstanding Paper Award of the International Astrostatistics
Association?.

NL. In the Reviews section of the NLo1?, the 5G monograph (Geomet-
ric Deep Learning: Grids, Groups, Graphs, Geodesics, and Gauges)
was included (page 18). The subtitle, The “Erlangen Program” of Ma-
chine Learning, reveals its unifying ambition and future potential.
It would be nice if you could condense into a crisp sentence, as F.
Kiewn did for his program, the core of the 5G proposal. Anyway, will
that monograph lead soon to a more detailed presentation in book
Jorm?

JB. The book is indeed scheduled to be completed this year. In a sen-
tence, the core idea is to present unifying mathematical and algorithmic
principles that explain why and when it is possible to extract useful
features out of geometric data in high-dimensions, across various data
modalities.

We also included the remarkable paper Neural Splines: Fitting 3D
Can it, or other
works of yours, be regarded as illustrations of your unifying scheme?

Surfaces with Infinitely-Wide Neural Networks.

This “quest for unification” is indeed one of the long-term drives of
my research, and I published some works covering several aspects of this
program. This one in particular focuses on 3D geometric reconstruction,
but in the past I have also been interested in applications to particle
physics, chemistry, and general foundations for graph-structured data.

Let us turn to your origins. To what degree your interdisciplinary
education at the CFIST has been significant for your later career, not
only in the academic world, but also in the private sector? Are there
any specific crossroads that you might like to highlight?

The interdisciplinary education at CFIS has been instrumental in my
career, and to some extent reflects the “scientific entropy” I was suffer-
ing by then, or, in other words, the inability to pick only one discipline
amongst many interesting choices. My specific choice (Telecommunica-
tions Engineering and Mathematics) spans two distinct aspects of scien-
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tific inquiry: the theoretical aspect brought by fundamental mathemati-
cal tools, and the engineering aspect that relates these tools to practical
problems. This dichotomy between applied versus theoretical questions
has stayed with me ever since, and throughout my career I have in fact
alternated between applied and theoretical ‘periods’, in academia and
industry. In retrospect, these periods have fueled each other, and I see
it as a privilege of us scientists to be able to work on both.

In the history of science and engineering there are plenty of mile-
stone episodes where the mathematical foundations come first, for
instance with the landmark works of Turing and Shannon. In other
cases, the foundations are worked out after the applications, as var-
iously illustrated in the evolution of thermodynamics. How do you
envision the interplay between foundations and applications in the
case of Deep Learning, or, more generally, Artificial Intelligence?

This is a great question. I think one could say that in the case of
Machine Learning (ML) this interplay has undergone a ‘phase transition’.
In the early days of ML, the field was driven by foundations, dominated
by algorithms with solid theoretical guarantees (such as Support Vec-
tor Machines or Kernel Methods). Then Deep Learning (DL) disrupted
this state of affairs and turned these foundations upside down. We are
now in a phase where theoretical efforts are descriptive -theoreticians
are mostly trying to explain the current experiments-, but a time will
come where theory will become prescriptive again, by informing better
or more efficient algorithms.

Continuing with a similar topic, what are the new trends in neural
networks that will be developed in this decade? As a result of it, do
you foresee any stunning change in our everyday life?

This is very speculative, but I anticipate that neural networks will con-
tinue to permeate all areas of computational science, forcing the field
to address some of its current shortcomings, such as (lack of) robust-
ness and efficiency. From my biased perspective, I also see an incipient
research community, so-called 'Scientific Machine Learning’, at the inter-
face of applied mathematics and machine learning, who will develop a
novel generation of numerical tools to solve problems in computational
science.

How do you see the studies of Mathematics and Statistics in Catalo-
nia and how do they compare with those elsewhere, particularly in
France and the USA?

My personal experience as an undergrad was fantastic, and certainly
compares favorably with most undergraduate programs in the USA, in-
cluding those from top universities. I also think that the Catalan univer-
sity system is building a very strong graduate and post-graduate Mathe-
matics program, with a brilliant young generation of mathematicians and
statisticians. That said, each country has important cultural differences
that may result in different outcomes. For example, France has a strong
tradition of excellence across many areas of science, reflected in a very
selective (albeit imperfect) public academic system (the “Grandes Ecoles”)
that trains excellent researchers. The USA has partly delegated this role
to private universities, but its innovative, immigrant and forward-looking
mentality are ultimately an important factor that helps research.

A final question: Which actions could IMTech consider to attract and
retain young talent?

I think that in the current era of data-driven science, mathematical
foundations will become even more instrumental for progress. Applied
Mathematics as a discipline will certainly need to adapt to these new
times, by creating new sub-fields and embracing cross-disciplinary re-
search. T am confident that IMTech will seize the opportunity and grow
along these directions.
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Joaguim SERrAY is Assistant Professor of Mathematics at the ETH
Ziirich? (Switzerland). His research is on elliptic PDEs: regularity
of interfaces and free boundaries, stable solutions of non-convex
variational problems, geometric PDEs, and integro-differential
equations. He earned his degree in Mathematics from UPC in
2009, as a student of the CFISY and with an Erasmus term
(2008-2009) in the University of Florence'”. In 2010 he obtained
a MSc degree in Applied Mathematics and in 2014 his PhD in
the Applied Mathematics doctoral program, both from UPC and
supervised by X. Casré. His PhD thesis was a long memoir
(329 pages) on Elliptic and parabolic PDEs: regularity for nonlo-
cal diffusion equations and two isoperimetric problems. He was
awarded the Josep Teixidor? Prize of the |SCMY (2016, for his
outstanding doctoral thesis); the Rubio de Francia? Prize of the
RSMEY (2018); the Antonio Valle? Prize of the SEMA? (2019);
and the [EMS Prize? of the EMSY (2020). He got a start-up grant,
associated to the Rubio de Francia Prize, from the FBBVAY, a
SNSF Ambizione Starting Grant{ for the project A geometric ap-
proach to nonlinear elliptic and parabolic equations (2020 Call)
and an [ERC Starting Grant” for the project Stable InterFaces:
phase transitions, minimal surfaces, and free boundaries (years
2021 to 2025).

o |
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NL. You are a |CFISY alumnus and hence you were exposed to an
interdisciplinary education, which in your case had a major math-
ematics component. How has this training facilitated your profes-
sional career?

JS. Math may seem sometimes difficult, but the real world is often much
more complicated. Still, it is amazing that we can understand so much
about the real world using math. One of the lectures I liked the most
at UPC was Prof. |AcurL6™’s lab on rigid-body mechanics. There we
could play with gyroscopes and other interesting devices: the equations
in the blackboards came into life. It was really exciting and I wish I had
had the opportunity to attain more labs like that one. In my opinion,
being exposed to some “real-world” problems can only do good to us
mathematicians. I think it helps us remember that math should always
be a way to simplify and better understand things, and never to make
them more difficult.

What was the impact on your view of mathematical research your
Erasmus stay in the University of Florence?

It was a very nice experience, also for math. The math department
in Florence had very strong analysts when I was there, such as Tacenti’
(he retired in 2010) or Macai” (he is now professor at U. of Texas at
Austin). T was very lucky to attend the beautiful, and quite advanced,
course “Calcolo delle Variazioni” that Macar taught. He recently told me
that he taught that course just twice: the first year Gumo DE PriLipprs”
was a student and he just got the maximal grade “30/30 e lode”. The
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second year I got also the same grade. So, he jokes, having top grade in
his course amounted to an EMS Prize.

A major step in the life of a researcher is his PhD, which in your
case was under the advice of Professor Xavier Casri” and in close
collaboration with Xavier Ros-Oton”. Could you reminisce about

the main aspects of that singular experience?

I was extremely lucky. The advisor determines at least 50% of the
success of your PhD, and Casri was an ideal advisor in all possible met-
rics. Also, doing the thesis at the same time as Xavi Ros was a catalyst
for our careers. We learnt that collaborations allow us to tackle more
difficult problems much more effectively. It is one of the best parts of
the research business: collaborations are not only fun, but they boost
scientific productivity.

Your main research accomplishments so far, outstanding on all
counts, are described in detail in the Review of your paper The geo-
metric structure of interfaces and free boundaries included in this
NL (page[24). Could describe the atmosphere that has been driving
these researches and their main characters?

Casri taught us —I think, he took that from Nirenserc”— that one
should think of difficult and interesting questions, but with a very hum-
ble attitude. If I do not know how to do any thinking with my PDE in 3d,
no problem, can I at least do some computation in 1d? In the last years,
what [ tried to do is to work in simple-enough problems in which I esti-
mated I could obtain some progress, but that were related in some way
to some more classical questions which I had no idea how to tackle.
For instance, during my thesis I worked a lot on integro-differential
equations, where there were several approachable though natural ques-
tions. Later it turned out that many of the things I learned working on
these problems were very useful in order to attack some more classical
questions.

In the areas of your interest, what problems would you like to see
solved during this decade?

There are very simple questions in PDE which one would say had
been “overcome” during the 2oth century, but which in fact are com-
pletely open. This happens for instance with very simple classical PDE
from physics, such as the Allen-Cahn equation, in which interfaces or
free boundaries appear. Often the solutions of the PDE are those of the
Euler-Lagrange equation for critical points of some energy. And often
much is known about absolute minimizers of the energy, for instance
the smoothness of interfaces in three spatial dimensions, but when one
considers local minimizers of these energies instead of absolute mini-
mizers then the knowledge available becomes embarrassingly little. The
fact that the theory works only for absolute minimizers is a real limi-
tation, because physical solutions are often merely local minimizers. In
particular, some problems I hope to see solved in the next few years
concern the smoothness of interfaces for of stable critical points of the
Allen-Cahn equation (or also the Bernoulli free boundary problem) in
three dimensions.

How is your working day at ETH? What are the main tasks you have
to care about? Which ones do you like best?

Some of the most time-consuming activities, besides research, is
teaching. T am currently teaching the Differential Geometry course for
mathematicians and physicists at ETH. It is a large course, gh of theory +
1h exercises every week through a whole academic year. So, there is time
to cover a lot. At ETH the professor teaches the theory in a large group
and then the assistants teach the exercises in smaller groups. Besides
this, there are department meetings, but only about once per month. We
are extremely lucky that bureaucracy is really low for professors. The
sekretariat is extremely effective and everything works smoothly. Also
—and this is fundamental—, bureaucracy usually makes sense and has
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a reasonable purpose! So, most of my tasks are research-related: super-
vising bachelor and master theses, visiting students, PhD students, and
postdocs. This is what I like best.

Do you think that is easier or more difficult in Spain for a young
researcher to pursue an academic career? Why?

This depends...
matter what, because it is their passion, then in Spain they will have

If one decides to pursue an academic career no

better chances to succeed. In Switzerland there is a very narrow funnel
towards academic careers: to start with, a smaller fraction of the pop-
ulation goes to university. Also, among people who do a PhD, just a
few stay in academics at the postdoc stage. At the end of the funnel,
becoming a full professor at a Swiss university is very hard. However, my
impression is that people are happier with their careers in Switzerland:
even those who didn't go to the university often tell you they enjoy the
well-paid and good-quality professional training. Similarly, most PhD’s
who do not pursue academic careers have typically very good jobs and
their choice is not seen as a failure at all! Also, having much less pro-
fessors in university departments —for instance, ETH has roughly the

same number of students as UPC, but 500 professors in total— perhaps
makes organization and decision-making easier. Of course every system
has its advantages and disadvantages. Last but not least, for what I see
Switzerland had much more power to attract leading researchers, young
or not so young, and makes their life really easy so that they can focus
on their research. This is not the case in Spain, for what I know.

As a last question, which actions could IMTech consider to attract
and retain young talent?

Competing in science with countries like Switzerland is not a real
priority of Spain, and not much can be done about it. Admitting this,
Barcelona is a very nice city to live in, and there will always be scientists
who prefer to live in Barcelona for personal reasons, even having to cope
with all the disadvantages of Spain. What IMTech can certainly do is
to try to convince talented mathematicians to choose it instead of other
places of Spain... by creatively offering ideas to compensate some of
the disadvantages of Spain. IMTech could also try to take advantage of
some exceptional existing talent attraction tools such as ICREAY.

Jorp1 Tura 1 Brucufs? is Assistant Professor at the Lorentz Insti-
tute for Theoretical Physics? at Leiden University?. He is a leader
of the |Applied Quantum Algorithms¥ group, an interdepart-
mental initiative that comprises researchers from the Physics?,
Advanced Computer Science?, Mathematics?, and Chemistry?
institutes. Jorni Tura obtained a double degree in Mathematics?
and Telecommunications Engineering? from CFISY, UPCY, as
well as an MSc in Applied Mathematics from UPC. He obtained
his PhD¥ at I[CFO—The Institute of Photonic Sciences? in 2015,
under the supervision of ICREA? Prof. Dr. Maciey LEweNsTEING.
As a postdoc in the group of Prof. Dr. Ienacio Cirac’?, at the Max
Planck Institute of Quantum Optics?, he obtained a CELLEX-
ICFO-MPQY, a Marie Sklodowska-Curie®” and an |Alexander von
Humboldt? fellowships. At present he is the advisor of 4 PhD stu-
dents and 2 postdocs. His PhD thesis has received several awards,
such as the Springer Theses award or the UPC Special Doctoral
Award?. Since 2021 he is an editor in the journal |(Quantum?. In
2021 he received a Google Research Scholar Award"¥ and an ERC
Starting Grant”. His research comprises quantum foundations,
theory of entanglement and Bell nonlocality, device-independent
quantum information processing, quantum algorithms and cer-
tification of near-term quantum devices. In his free time, he
plays violin, having regularly participated in e.g. the Orquestra
de Cambra de Vic and the Bruckner Akademie Orchester?.

NL. Your research trajectory so far has a very marked interdisci-
plinary character. Could you describe the main disciplines concur-
ring in your work and appraise the significance for your success
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of the (CFISY education in Mathematics, Applied Mathematics and
Telecommunication Engineering?

JT. T think my CFIS education was key in giving me the background
knowledge, but more importantly, also the right tools and mindset to
work in a field such as quantum information. When I started, it simply
clicked as the perfect combination between mathematics and telecom-
munications: a discipline that aligns many areas of mathematics towards
the goal of processing information in a completely different way. Quan-
tum information is a highly interdisciplinary area, becoming even more
so every passing day. My CFIS education showed me how looking at
problems from a different prism tends to lead to useful insights and
unexpected results. I spend the day working mostly among physicists
by training, so we complement each other rather well. Quantum in-
formation requires a solid mathematical base, as we employ all kinds
of mathematical disciplines: numerical methods, convex optimization,
functional analysis, stochastic PDEs, statistics, signal processing, multi-
linear algebra... yet we also need to put our engineer hats on: when we
want to make existing quantum devices actually work, these are noisy
and imperfect, and one needs to squeeze the most out of them, which
is a non-negligible and challenging engineering task.

What was the impact in your career of the 2010 Summer fellowship
at ICFOY 2 What people there influenced your scientific development
at that stage?

Without any doubt, the 2010 Summer fellowship was an inflection
point in my career. The event that sparked my curiosity about quan-
tum information was a Seminar on Quantum Processing, organized by
SeBAsTIA Xamo” earlier that year, where I met my future PhD advisor,
Maciek LewensteN, and Tont Acin®, the leader of the Quantum Infor-
mation Theory” group at ICFO. There I also met my future PhD co-
supervisor, Remigiusz Augusiak’”. These four people certainly shaped
my scientific development at that time. With Sebastia and Toni I wrote
my MSc thesis, and Maciek and Remik supervised my internship and
offered me a PhD position in the Quantum Optics Theory group after-
wards.

You spent about four academic terms at ICFO working for your PhD
under the supervision of Maciey LEWENSTEIN and REMIGIUSZ AUGUSIAK.
How do you recall that period?

It is one of my most cherished chapters in my life. It was fun and
inspiring at the same time. I recall that [Lluis Torner?, the director of
ICFO, during the welcoming day, told us “you should take the most out
of ICFO” and, indeed, ICFO is an environment where the opportunities
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for learning and growing as a scientist are virtually endless. I worked
with Remik on a daily basis and with Maciek whenever we were stuck or
needed a fresh approach -which, amazingly, he always had. Naturally, I
also worked very closely with Toni, and started to build a small network
of collaborators. ICFO has created a really thriving environment, allowing
one to focus solely on the research, almost in a utopical way, effectively
shielding researchers from bureaucratic and other distractions. I'd say
many ICFOnians quickly begin to appreciate that after leaving.

Your postdoctoal years, followed by the Marie Curie and Alexander
von Humboldt fellowships at the Max Planck Institute of Quantum
Optics (MPI?), appear to be very rich experiences, and we would
much like to know your reminiscences of them.

To me, going to the MPI of Quantum Optics was like a dream come
true. Ienacio Crrac” offered me a postdoctoral position in his group, I
supervised brilliant students and again I could work in a great research
ecosystem. I could also take many opportunities to collaborate in Eu-
ropean consortia, and to start taking responsibility on several projects.
As a postdoc I was given a lot of freedom: to pursue my research in-
dependently, to collaborate with him and/or other group members, etc.
whatever worked best. In the discussions with him, one realizes how
much insight and technical ability he has on almost every topic related
to quantum information, and a vision for tackling the most relevant
problems at the right time. I think I learnt quite a bit from him during
these years, also realizing how much more there is out there. One of
the best pieces of career advice he gave me was to start a new topic
of research for my postdoctoral years, even though that is not the com-
fortable option. Naturally, while also continuing the research lines I had
started during my PhD, but his advice proved very fruitful: I started re-
searching quantum algorithms for near-term devices, which turned out
to be the main area I am working on now.

Since 2020, you are Assistant professor at the |Leiden University?,
which has a great record of discoveries in Physics, and there you
lead the Applied Quantum Algorithms? group. What are your main
research lines for the next five years? Does your work also include
experimentation? How is your typical working day?

My research for the following years focuses on the certification of
quantum devices. Namely, how can we make sure that a quantum
computer, big enough so that it cannot be simulated by any classical
means (e.g. a supercomputer), is working as intended? One of the pos-
sible applications of this research is in cryptography, in trying to certify
randomness. In other words, how could one certify, communicating
with their cell phone with a quantum computer in the cloud, that a
sequence of random numbers has not been produced in advance and,
therefore, potentially known to an adversary. An additional challenge
is that existing quantum devices are still very noisy and we cannot yet
run fault-tolerant quantum error correction to suppress the logical error
rate to arbitrarily low levels. This is a key restriction in making these
schemes implementable on a real device, and the quantum algorithms
that one must run are very far from textbook algorithms, most still yet to
be developed. In Leiden we are in close contact with experimentalists in
designing and bench-marking these new algorithms. My typical working
day is quite different every day, and that’s what I love about my work.
Common things about my working day include getting up to speed with
recent literature, discussions with my students and collaborators, a bit
of teaching, lots of zoom meetings (too many), but I allocate some time
every day purely to research.

Could you summarise what are your main scientific contributions so
far?

In device-independent quantum information processing, I started the
field of detection of Bell correlations? in many-body systems in an
experimentally-friendly way. Bell correlations are a kind of statistics
produced in quantum systems that show that they do not come from
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any “intuitive” theory (a so-called local hidden variable model). These
are a resource for device-independent quantum information processing
tasks, such as quantum key distribution or self-testing. My theoreti-
cal work was soon after implemented in Bose-Einstein condensates and
thermal ensembles by different experimental groups, which merited e.g.
the Ehrenfest Prize 2017 for quantum foundations. We connected these
notions to measuring the ground state energy of many-body spin systems
in order to detect Bell nonlocality also in large one-dimensional systems,
and I proposed a hierarchy of semi-definite programs to approximate
from outside the set of classical correlations of a many-body system,
allowing to easily derive Bell inequalities solely from experimental data.

In ground state preparation, which is a central task in quantum in-
formation, we proposed a new quantum algorithm that was faster and
using less ancillary qubits than those at the time. We also proposed
an algorithm for adiabatic spectroscopy, a variational approach of the
adiabatic algorithm for ground state preparation that is amenable to
near-term devices, which we are currently exploring with |[Lukin’s group
at Harvard?.

In the domain of quantum state verification, we proposed a protocol
to prepare and certify a broad family of physically relevant quantum
states that are called tensor network states. I also have several works on
the theory of entanglement in symmetric states and the self-testing of
quantum devices.

What relations would you highlight between Quantum Information
and realms such as Quantum Computing, Cryptography, or Machine
Learning, at present and in the near future?

I find it amazing how Quantum Information has impacted other dis-
ciplines as well. Indeed, Quantum Computing is perhaps the first that
comes to mind; still, paradigm-shifting algorithms are discovered every
day, for instance the |Quantum Singular Value' transformation by Gilyén:
et al.%, only in zo1g.

In cryptography, Id say Quantum Information boosted the interest
in post-quantum cryptography methods, such as lattice cryptography,
learning with errors problems, etc. but also for certification protocols
for quantum devices, whose security proof relies on problems that are
thought to be hard, even for a quantum computer.

In the domain of machine learning (ML), there has been an ex-
ponential increase of papers in the last 5 years, which I could wit-
ness first-hand, working with pioneers of the field like Perer Wirtex?
(1980-2019") at ICFO or [Vepran Dunjko{ at Leiden. Id say the field
of Quantum Machine Learning? is so vast (encompassing all sorts of
Quantum-enhanced ML for Classical problems, Classical ML for Quan-
tum applications) that there is much to be done in the next few years,
especially in the rather unexplored quantum-input, quantum-output ma-
chine learning.

A final question is about you as a professional musician. We would
like to hear from you how your musical career has unfolded up till
now and what are your plans at this point of your life?

Music and, in particular, playing violin, has always accompanied me
since an early age. In the years I lived in Catalunya, [ was very fortunate
to learn from great musicians such as the conductor Jorpi Mora? or
the violinist JoeL Barporer?, with whom I have a treasured friendship.
[ used to play in the Orquestra de Cambra de Vic during the weekends
and in the Orquestra Simfonica Segle XXI? during summer breaks, and
it was always a very rewarding experience, a challenge seemingly quite
orthogonal to science, in a rather unique environment: I could play
along amateurs, students and professional musicians, all sorts of sym-
phonic repertoire. And it was a most convenient coincidence that my
following career step led me to Munich, where I could join the Bruckner
Akademie Orchester?, also conducted by Jordi Mora. Every now and
then, we still meet with musicians from the orchestra to play chamber
music, though Covid has forced us to go to standby mode. Now, in the
Netherlands, I am also looking for nice opportunities to keep learning
and enjoying music.
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PhD highlights

Rosert CarpONA AcuiLAr defended his PhD thesis “The geometry
and topology of steady Euler flows, integrability and singular
geometric structures” (pdf?”), supervised by Professor Eva Mi-
rANDAY, on 26 May 2021 within the UPC doctoral program in
Applied Mathematics. Currently, he is a postdoctoral research
fellow at UPC and will move to the Université de Strasbourg!
with a postdoctoral grant of the Laboratoire d’excellence |Institut
de recherche en mathématiques, interactions et applications?, a
project of the Centre National de la Recherche Scientifique in
France?.

Thesis summary: In this thesis, we make
a deep investigation of the geometry and
dynamics of several objects (singular or not)
appearing in nature. The main goal is to study
rigidity versus flexibility in the dynamical be-
havior of the objects considered. In particular,
we inspect normal forms, h-principles, classi-
fications, and existence theorems. These con-
cern a series of objects which are either close or far away from
what we call “integrable situations” in the sense of Frobenius’
theorem and the existence of first integrals. Such dynamical
systems arise in the context of the Euler equations in hydro-
dynamics, Reeb fields in contact geometry, and Hamiltonian
systems in symplectic geometry (and their singular counterparts).

The first chapter establishes results on the universality properties
of steady Euler flows, analyzing Reeb fields in contact manifolds
and their close allies in the study of Euler flows (Beltrami vector
fields). We extend the h-principles from the contact realm to
that of Beltrami vector fields. This enables us [8] to consider uni-
versality properties, as introduced by Tao, of steady Euler flows
by analyzing those of high-dimensional Reeb flows in contact
geometry. In the same spirit, we address [g] the construction
of steady Euler flows in dimension 3 which simulate a universal
Turing machine, using tools coming from symbolic dynamics. In
particular, these solutions have undecidable trajectories, unveil-
ing that non-computable phenomena occur in hydrodynamics,
answering a question raised by Moore in the gos. In all these
discussions, a key role is played by different classes of vector
fields such as geodesible, Beltrami, and Eulerisable fields.

In the second chapter, we set up [] the study of the relations
between such classes in higher odd-dimensions, showing that
new phenomena arise as soon as one leaves the realm of three-
dimensional manifolds. For these high dimensional Euler flows
(or more generally, flows admitting a strongly adapted one-form),
we show [3] that they satisfy the periodic orbit conjecture, which
was known to be satisfied with the stronger assumption of geode-
sibility. We also give [2] classification results of steady Euler flows
which admit a Morse-Bott first integral using techniques coming
from the symplectic world, and study obstructions arising from
the ambient topology. This can be understood as an inverse
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problem to Arnold’s structure theorem for ideal fluids, a question
already suggested by Sullivan in 1995.

As other integral objects, we consider in chapters three and four
integrable systems |4] appearing in symplectic manifolds and on
singular symplectic manifolds. Singularities show up naturally
on these phase spaces by considering manifolds with cylindrical
ends and studying b-symplectic forms as initiated by Guillemin-
Miranda-Pires. Other types of singularities are folded structures
originally considered by Martinet and then by Cannas da Silva,
Guillemin, Woodward for geometrical purposes. Our analysis in-
cludes [5] an isotopy classification of folded symplectic surfaces,
the existence of action-angle coordinates on folded symplectic
manifolds [6], and a correspondence [7] between the recently
introduced b-contact forms and Beltrami fields on b-manifolds.

Highlighted publication: [g].
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Ciépric Oms defended his PhD thesis Global Hamiltonian Dynam-
ics on Singular Symplectic Manifolds (pdf'), supervised by Profes-
sor Eva Miranpa?, on October 2, 2020, within the UPC doctoral
program in Applied Mathematics. Currently, he is a post-doctoral
student at the Unité de Mathématiques Pures et Appliquées? at
the |Ecole Normale Supérieure? in Lyon.

Thesis Summary. This thesis studies the Reeb
and Hamiltonian dynamics on singular sym-
plectic and contact manifolds. Those struc-
tures are motivated by singularities coming
from classical mechanics and fluid dynamics.

. 1 The branch of symplectic and contact geome-
' M Q try emerged as a set-up for the study of clas-

FHE = sical Hamiltonian systems, as for instance ce-
lestial mechanics. The equations of motion of the Hamiltonian
system can be geometrically interpreted as the flow of the Hamil-
tonian vector field associated to the smooth energy function H,
called Hamiltonian, on a symplectic manifold (W, w). The holy
grail in Hamiltonian systems is to establish existence of peri-
odic orbits. Contact manifolds appear as level-sets of H and the
Hamiltonian dynamics can be described intrinsically using the
Reeb vector field. Whenever there are singularities in the Hamil-
tonian system, the approach of classical symplectic and contact
topology fails. However many Hamiltonian systems coming from
fluid dynamics or celestial mechanics do admit singularities and
hence it is crucial to understand the dynamics whenever there
are singularities in the geometric structure.

In the contact realm, the singularities considered in this thesis
consist of a generalization of contact structures where the non-
integrability condition fails on a hypersurface called the critical
hypersurface. Those structures are called b-contact structures. In
particular they arise from hypersurfaces in b-symplectic mani-
folds that have been studied extensively in the past. Formerly,
this odd-dimensional counterpart to b-symplectic geometry has
been neglected in the existing vast literature.

The first chapter of this thesis, the local geometry of those man-
ifolds is examined using the language of Jacobi manifolds, which
provides an adequate set-up and leads to understanding the ge-
ometric structure on the critical hypersurface.

Topological obstructions to the existence of those structures are
studied and the topology of b™-contact manifolds is related to
the existence of convex contact hypersurfaces. The results con-
cerning the topology and geometry of b-contact manifolds can
be found in |2].

The next chapter delves into the dynamical properties of the Reeb
vector field associated to a given b"™-contact form. The relation of
those structures to celestial mechanics underlines the relevance
for existence results of periodic orbits of the Hamiltonian vector
field in the b™-symplectic setting and Reeb vector fields for 6™ -
contact manifolds. In this light, it is proven that in dimension 3,
there are always infinitely many periodic Reeb orbits on the crit-
ical surface. However, explicit examples without periodic orbits
away from the critical set are given. In contrast to contact topol-
ogy, it is shown that there exist traps for this vector field. We
prove that the well-known Weinstein conjecture holds for com-
pact b-contact manifolds that satisfy some additional conditions.
The mentioned results shed new light towards a singular version
of that conjecture.

Finally, the obtained results are applied to the particular case
of the restricted planar circular three body problem, where the
results from previous chapters imply that after the McGehee
change, there are infinitely many non-trivial periodic orbits at
the manifold at infinity for positive energy values. The results
on the dynamics of the b-Reeb vector field can be found in [2].
See also the continuation [3], where a semi-local version of the
singular Weinstein conjecture is proved.

Highlighted publication: [1].
References

[1] Miranda, Eva, and Cédric Oms. “The singular Weinstein con-
jecture.” Advances in Mathematics 389 (2021): 107925.

Miranda, Eva, and Cédric Oms. “The geometry and topol-
ogy of contact structures with singularities.” arXiv preprint
arXiv:1806.05638 (2018).

[2

Miranda, Eva, Cédric Oms, and Daniel Peralta-Salas. “On the
singular Weinstein conjecture and the existence of escape
orbits for b-Beltrami fields.” Communications in contempo-
rary mathematics (2021).

3

GuiLLem Branco defended his PhD thesis Bernstein-Sato polyno-
mial of plane curves and Yano's conjectures (pdf??) on April 16th,
2020. The thesis was produced within the UPC doctoral program
in Applied Mathematics and was supervised by Professors Maria
AvERICH-CARRAMINANAY and Josep Awvarez MonTaner? Currently,
he is an [FWO postdoctoral fellow" at the Algebra Section'? of KU
Leuven?.

Thesis summary. The research in this thesis
focuses on the study of invariants of algebraic
singularities. The main problem considered in
the thesis was the study of the roots of the
Bernstein-Sato polynomial in the case of plane
curve singularities.

The roots of the Bernstein-Sato polynomial
by (s) associated to a singular polynomial f € Clz1,...,z,] are
negative rational numbers connected with many other invariants
of the singularity. The main difference between the majority of
the invariants of f studied in the literature and the Bernstein-Sato
polynomial b (s) is that the later is not a topological invariant.
Usually, this makes b (s) a harder object to study.
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The specific problem that was solved in the thesis regarding this
invariant is the determination of all the roots of bs(s) in the
case of generic plane curves in the same topological class. This
problem is, precisely, the statement of a long-standing conjecture
posed by T. Yano in 1982. Yano's conjecture predicts that if f
is irreducible, all the roots of the Bernstein-Sato polynomial of
generic curves in a topologically trivial deformation of f can be
determined by the topological data of f. In addition, Yano gives
an explicit set of candidates for the set of generic roots from the
numerical datum of the resolution of f.

This conjecture was only known to be true in a few particular
cases. The first result obtained in this direction was a proof of
the general case but under some mild hypothesis on the eigenval-
ues of the monodromy of f. This approach consisted of studying
the analytic continuation of the complex zeta function associated
with the singularity [5]. The poles of this zeta function are linked
to roots of the Bernstein-Sato polynomial via the Bernstein-Sato
functional equation.

The approach that lead to a complete proof of the conjecture fo-
cused on the Gauss-Manin connection of an isolated singularity.
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This approach consisted of constructing the asymptotic expan-
sion of period integrals in the Milnor fiber using resolution of
singularities [1]. The roots of the Bernstein-Sato polynomial can
be connected with the so-called Gauss-Manin exponents using
some classical results of Malgrange and Varchenko.

In the thesis other invariants of singularities were also stud-
ied |2H4}/6,/7]. For instance, the author worked on a question of
Dimca and Greuel on the quotient of the Milnor and the Tjurina
algebra of plane curves. In the thesis a positive answer to this
question for the case of plane irreducible curves is presented [2].
More remarkably, to solve this question, a closed formula for the
minimal Tjurina number in a topological class of plane branches
is given, a problem that originally went back to Zariski.
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Juan Carros Feripe Navarro defended his PhD thesis Qualitative
properties of solutions to integro-differential equations (pdf?), su-
pervised by Professor Xavier Casré?, on 14 July 2021 within the
UPC doctoral program in Applied Mathematics. Currently, he is
a postdoctoral researcher at the University of Helsinki?.

Thesis summary: The thesis is devoted to the analysis of elliptic
PDEs and related problems. It is mainly focused on the study
of qualitative and regularity properties of solutions to integro-
differential equations. The study of such equations has attracted
much attention recently since they arise naturally in different
areas when dealing with processes where long range interaction
phenomena appear. The canonical example of integro-differential
operators is the fractional Laplacian, which is translation, rota-
tion, and scale invariant.

Part I concerns the study of uniqueness and
regularity properties of solutions to integro-
differential linear problems. First, we prove,
by following a nonlocal Liouville-type method,
the uniqueness of solutions in the one-
dimensional case, in the presence of a posi-
tive solution or of an odd solution vanishing
only at zero [3]. As an application, we deduce
the nondegeneracy of layer solutions (bounded and monotone
solutions) to semilinear problems of Allen-Cahn type. Next, we
establish the first boundary regularity result for the Neumann
problem associated to the fractional Laplacian [1]. We prove that
weak solutions are Holder continuous up to the boundary by de-
veloping a delicate Moser iteration with logarithmic corrections
on the boundary. We also establish a Neumann Liouville-type
theorem in a half-space, which is used together with a blow-up
argument to show higher regularity of solutions.

Part II of the thesis is focused on the study of the saddle-shaped
solution to the integro-differential Allen-Cahn equation. These
solutions, whose zero level set is the Simons cone, are expected
to be the simplest minimizers which are not one-dimensional to
the local and nonlocal Allen-Cahn equation in high enough di-
mensions. It plays, thus, the same role as the Simons cone in the
theory of minimal surfaces. First, we study the saddle-shaped
solution for the fractional problem by using the extension prob-

IMTech Newsletter 2, December 2021 10

lem [4]. We establish its uniqueness and, in dimensions greater
or equal than 14, its stability. As a byproduct, we give the first
analytical proof of a stability result for the Simons cone in the
nonlocal setting for such dimensions. The key ingredient to prove
these results is a maximum principle for the linearized operator.
Next, we study saddle-shaped solutions for any rotation invari-
ant and uniformly elliptic integro-differential operator [5/6]. In
this scenario, we need to develop some new nonlocal techniques
since the extension approach is not available. In this respect, our
main contribution is a characterization of the kernels for which
one can develop a theory of existence and uniqueness of saddle-
shaped solutions. Under these assumptions, we establish an en-
ergy estimate for doubly radial odd minimizers and some proper-
ties of the saddle-shaped solution, namely: existence, uniqueness,
asymptotic behavior, and a maximum principle for the linearized
operator.

Finally, in Part IIl we develop a nonlocal Weirstrass extremal field
theory [2]. In analogy to the local theory, we construct a cali-
bration for the nonlocal functional in the presence of a foliation
made of solutions when the nonlocal Lagrangian satisfies an el-
lipticity condition. The model case in our setting corresponds to
the energy functional for the fractional Laplacian, for which such
a calibration was still unknown. The existence of the calibration
allows us to prove that any leaf of the foliation is automatically
a minimizer for its own exterior datum, with no need to have an
existence result of minimizers, neither to know their regularity.
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Jorbr Roca Lacostena defended his PhD thesis The embedding
problem for Markov matrices, supervised by Professors Marta
CasaneLLas Rws? and Jests FErNANDEZ SANcHEZY, on 18 May 2021
within the UPC doctoral program in Applied Mathematics. Cur-
rently, he is a researcher and data scientist at Amalfi Analytics,
a UPC spin-off focused on the use of artificial intelligence and
machine learning for health and clinic management.

Thesis summary: The goal of this thesis is to
solve the embedding problem for Markov ma-
trices, posed by Gustav Elfving in 1937. This
problem consists in deciding whether a given
non-negative square matrix ) with rows sum-
ming to 1 (Markov matrix or transition matrix)
can be written as M = exp(Q) for some real
square matrix () with rows summing to zero and non-negative
off-diagonal entries). In this case, such a Markov matrix is said
to be embeddable and @ is called a Markov generator for M.

The embedding problem is motivated by Markov processes,
which are used to model the change of state of a random vari-
able over time under the assumption that future is independent
from past given the present. In this framework, the entries of
Markov matrices represent the substitution probabilities between
states along a fixed time interval. When these probabilities are
considered to be continuous (and differentiable) functions de-
pending on time, then the process is ruled by the instantaneous
rates of substitution between states, which are usually assumed
to be constant with respect to the time in order to keep the
process tractable. In this context, the Markov process is said
to be a homogeneous Markov process in continuous-time and
the substitution rates ruling it are displayed all together in a
rate matrix (). By construction, the substitution probabilities be-
tween states after time ¢ correspond to the entries of the matrix
M (t) = exp(Qt) for all ¢ > 0. Hence, the embedding problem
is equivalent to decide whether the substitution process given
by a transition matrix could potentially arise from a homoge-
neous Markov process in continuous-time. It is worth noting
that, in this case such a transition matrix may admit more than
one Markov generator, each corresponding to a different underly-
ing continuous-time process with the same terminal substitution
probabilities but with different values for the intermediate sub-
stitution probabilities. The study of the uniqueness of Markov
generators is known as the rate-identifiability problem and it is
also studied in this thesis.

Prior to the results presented in the thesis, the embedding
problem was already solved for 2 x 2 and 3 x 3 Markov matri-
ces, as well as for some other particular cases such as Markov
matrices close to the identity or Markov matrices with differ-
ent real eigenvalues. However, these solutions took around fifty
years to be found. The characterization of 4 x 4 embeddable
matrices did not only mean solving the embedding problem for
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the smaller size of matrices for which it is not solved, but also
had practical consequences in biology. Indeed, Markov processes
are typically used in the context of phylogenetics to model the
substitution of nucleotides over time in a given DNA sequence.
The embedding problem appears related to fundamental ques-
tions concerning the consistency and definition of some of the
resulting nucleotide substitution models.

In this thesis, we present a method to decide whether a Markov
matrix with different eigenvalues (real or not) is embeddable.
This effectively solves the embedding problem in a dense subset
of Markov matrices for any size. Moreover, we also provide a
explicit solution for all 4 x 4 Markov matrices and the result-
ing criteria for embeddability when restricted to some commonly
used nucleotide substitution models, such as Kimura models and
the strand-symmetric model. We also show that the proportion
of embeddable matrices (i.e. those potentially arising from a
continuous-time version of the model) decreases as the model
constraints are relaxed. More precisely, we observed that the
proportion of embeddable matrices lies in the range between the
0.05% and the 75% depending on the complexity of the model,
showing that the restriction to time-continuous nucleotide sub-
stitution models might be much more restrictive than expected.
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Jorpi ViLa Piérez defended his PhD thesis Low
and high-order hybridised methods for com-
pressible flows (pdf®), supervised by Professors
Antonio Huerta? and Marteo Giacominit?, on
February 10, 2021, within the UPC doctoral
program in Applied Mathematics. Currently,
he is a Postdoctoral Associate at the Aerospace
Computational Design Laboratory” of MIT?,
where he is working on a project sponsored
by the National Science Foundation? under the supervision of
Jaume Peraire? and Ncoc Cuong NGuven'?.

Thesis Summary. The aerospace community is challenged as
of today for being able to manage accurate overnight compu-
tational fluid dynamics (CFD) simulations of compressible flow
problems. Well-established CFD solvers based on second-order
finite volume (FV) methods provide accurate approximations of
steady-state turbulent flows, but are incapable to produce reliable
predictions of the full flight envelope. Alternatively, promising
high-order discretisations, claimed to permit feasible high-fidelity
simulations of unsteady turbulent flows, are still subject to strong
limitations in robustness and efficiency, placing their level of ma-
turity far away from industrial requirements. In consequence,
the CFD paradigm is immersed at this point into the crossroads
outlined by the inherent limitations of low-order methods and
the yet immature state of high-order discretisations. Accordingly,
this thesis develops a twofold strategy for the high-fidelity sim-
ulation of compressible flows introducing two methodologies, at
the low and high-order levels, respectively, based on hybridised
formulations.

First, a new finite volume paradigm, the face-centred finite vol-
ume (FCFV) method, is proposed for the formulation of steady-
state compressible flows. The present methodology describes a
hybrid mixed FV formulation that, following a hybridisation pro-
cess, defines the unknowns of the problem at the face barycen-
ters. The problem variables, i.e. the conservative quantities and
the stress tensor and heat flux in the viscous case, are retrieved

with optimal first-order accuracy inside each cell by means of an
inexpensive postprocessing step without need of reconstruction
of the gradients. Hence, the FCFV solver preserves the accu-
racy of the approximation even in presence of highly stretched
or distorted cells, providing a solver insensitive to mesh qual-
ity. In addition, the FCFV method is a monotonicity-preserving
scheme, leading to non-oscillatory approximations of sharp gradi-
ents without resorting to shock capturing or limiting techniques.
Finally, the method is robust in the incompressible limit and is
capable of computing accurate solutions for flows at low Mach
number without the need of introducing specific pressure correc-
tion strategies.

In parallel, the high-order hybridisable discontinuous Galerkin
(HDG) method is reviewed in the context of compressible flows,
presenting an original unified framework for the derivation of
Riemann solvers in hybridised formulations. The framework in-
cludes, for the first time in an HDG context, the HLL and HLLEM
Riemann solvers as well as the traditional Lax-Friedrichs and Roe
solvers. The positivity preserving properties of HLL-type Riemann
solvers are displayed, demonstrating their superiority with respect
to Roe in supersonic cases. In addition, HLLEM specifically out-
stands in the approximation of boundary layers because of its
shear preservation, which confers it an increased accuracy with
respect to HLL and Lax-Friedrichs.

An extensive set of numerical benchmarks of practical interest
is introduced along this study in order to validate both the low
and high-order approaches. Different examples of compressible
flows in a great variety of regimes, from inviscid to viscous lam-
inar flows, from subsonic to supersonic speeds, are presented to
verify the accuracy properties of each of the proposed method-
ologies and the performance of the introduced Riemann solvers.
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VasiLiki VELONA” defended her PhD thesis A vz
study on structure recovery and the broadcast-
ing problem (pdf?), supervised by Gasor Lu-
cos1? (ICREAY and UPFY) and Juanjo Rué?
(IMTech?and DMAT%), on 17 September 2021
within the UPC doctoral program in Applied
Mathematics” at the FMEY.

Currently she is a post-doctoral researcher at
the Hebrew University of Jerusalem'” working
with |Ori Gurel-Gurevich? and \Ohad Feldheim®.

Thesis summary: The thesis contains a study of two problems
of combinatorial statistics. The first one is structure-recovering
for partial correlation graphs and the second one is the broad-
casting problem on certain families of random recursive trees. In
a precise language, the structure-recovery problem that we study
is the following: given access to individual entries of a covariance
matrix .S, the objective is to learn the support of the inverse of
S (let us denote the inverse by K) using only a small fraction of
the entries of S. We call this problem ‘structure recovery’ since
the zero-entries of K define the adjacency matrix of a graph (the
so-called partial correlation graph). As an example of why this
is an important graph to learn, consider that S corresponds to
a Gaussian random vector (Xi,...,X,). Then an entry s;; is
zero if and only if X; and X; are independent given the rest
of the random variables. A series of algorithms is proposed to
address the aforementioned question, assuming that our graphs
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satisfy certain sparsity conditions. The sparsity that is assumed
is related to how much our graph resembles a tree; in particular
we deal with trees, graphs of two small connected components,
and graphs of small treewidth. The proposed algorithms can also
be used to estimate K and not only learn the partial correla-
tion graph. Moreover, they can be used to invert any symmetric
positive definite matrix since the analysis can be detached from
its statistical connection and impact. The motivation for the use
of covariance entries is that S might be too large to be stored,
as it often happens in statistical settings. In fact, our goal is to
learn the partial correlation graph using a sub-quadratic number
of queries, since a quadratic time is needed just to write down
and store the covariance matrix — this is the starting point for
a big part of the literature. The desired complexity bounds are
achieved through our analysis.

Moving to the second problem under study, we consider a broad-
casting process on a graph to be the propagation of a message
(let us say a bit value in {0,1}) from one node to all the rest,
possibly corrupted. Our goal is to guess the initial message. We
consider that our graph is a tree created dynamically at times
0,1,...,n, in a way that at time ¢ the i-th vertex enters the
system and attaches with an edge to an existing vertex j (we
then write 7 ~ j). We are interested in the case where 7 attaches
uniformly at random to an existing vertex (uniform attachment)
or where ¢ attaches to a vertex with probability proportional to
the outdegree of an existing vertex, plus some parameter 3 > 0.
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The broadcasting process we consider is one where vertex o (the
root) has a bit value that is propagated correctly to its neighbours
with probability 1 — ¢ and incorrectly with probability g. The
broadcasting problem under study can be formulated in this way:
given access to a random tree produced by either uniform attach-
ment or preferential attachment and the bit values of the vertices,
but without observing the time labels of the vertices, recover the
bit of vertex zero. In a more difficult variant, we answer the
same question given only the bits of vertices with outdegree zero
(the leaves). In both variants of the problem in both models, we
characterize the values of ¢ for which the optimal reconstruction

method has a probability of error bounded away from 1/2. We
also show that the probability of error is bounded by a constant
times g. Two simple reconstruction rules are analyzed in detail.
One of them is the simple majority vote, the other is the bit value
of the centroid of the tree (or the closest leaf to the centroid). We
also analyze a third reconstruction rule which is more complex
but works for all ¢ where reconstruction is theoretically possible.
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MariNa GarroTE Lopez defended her PhD thesis Algebraic and
semi-algebraic phylogenetic reconstruction, supervised by Profes-
sor Marta CasaneLLas?? and Professor Jests FERNANDEZ-SANCHEZY,
on 22 July 2021 within the UPC doctoral program in Applied
Mathematics. She is currently a postdoctoral researcher in the
Nonlinear algebra group? of Professor Bernp Srurmrers? at the
Max Planck Institute for Mathematics in the Sciences? in Leipzig.
In Spring 2022 she will visit Professor Erizapetn S. Ariman®?
and Professor Joun A. Ruopes? at the University of Alaska, Fair-
banks?. In summer 2022, she will move to [University of British
Columbial’ to work as a postdoctoral researcher with Professor
ELINA RoBEval?.

Thesis summary. Phylogenetics is the study
of the evolutionary history and relationships
among groups of biological entities (called
taxa). These evolutionary processes are mod-
eled by phylogenetic trees whose nodes repre-
sent different taxa and whose branches corre-
spond to the evolutionary processes between
them. The leaves symbolize contemporary
taxa and the root is their common ancestor. Phylogenetic recon-
struction aims to estimate the phylogenetic tree that best explains
the evolutionary relationships of current taxa using solely infor-
mation from their genome. We focus on the reconstruction of
the topology of phylogenetic trees, which means reconstructing
the shape of the tree considering labels at the leaves.

To this end, one usually assumes that DNA sequences evolve ac-
cording to a Markov process on a phylogenetic tree ruled by a
model of nucleotide substitutions. These substitution models are
specified by transition matrices associated to the edges of the
tree and by a distribution of nucleotides at the root. Given a
tree T, one can compute the distribution of nucleotide patterns
at the leaves of 7" in terms of the parameters of the model. This
joint distribution is represented as a vector whose entries can
be expressed as polynomials on the model parameters. There
exist certain algebraic relationships between the entries of the
joint distribution, and the study of them and the geometry of the
algebraic varieties that they define (called phylogenetic varieties)
have provided further successful results on the problem of phy-
logenetic reconstruction. However, from a biological perspective
we are not interested in the whole variety, but only in points that
have arisen on a tree with stochastic parameters. The description
of such distributions lead to semi-algebraic constraints and the
region of the algebraic varieties defined by them is called the
phylogenetic stochastic region. This semi-algebraic description
seems important since it characterizes distributions with a bio-
logical and probabilistic sense, but could it improve the already
existent algebraic tools for phylogenetic reconstruction?

To answer this question, we compute the Euclidean distance of
data points to the phylogenetic varieties and their stochastic re-
gions for cases of special interest in phylogenetics, such as trees
with short branches in the external edges and with the long
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branch attraction phenomenon [5]. In some cases, we compute
these distances analytically and we can decide which tree has
stochastic region closer to the data point. As a consequence, we
can prove that, even if the data point was close to the phyloge-
netic variety of a given tree, it might be closer to the stochastic
region of another tree. In particular, under the phenomenon of
long branch attraction, considering the stochastic phylogenetic
region seems to be fundamental for the phylogenetic reconstruc-
tion problem |[2].

However, incorporating semi-algebraic tools into phylogenetic re-
construction methods might be extremely difficult and the pro-
cedure to do it is not at all evident. In this thesis, we present
two phylogenetic reconstruction methods that combine algebraic
and semi-algebraic conditions for the general Markov model,
based on the result proved in [1]. The first method we present
is SAQ, which stands for Semi-Algebraic Quartet reconstruction
method [3]. Next, we introduce an improved method, ASAQ (for
Algebraic and Semi-Algebraic Quartet reconstruction method, [4]),
which combines SAQ with the method Erik+2 (based on cer-
tain algebraic constraints). Both are phylogenetic reconstruction
methods for DNA alignments on four taxa and have been proven
to be statistically consistent.

We test the proposed methods on simulated and real data to
check their actual performance in several scenarios, both consis-
tent and violating the assumptions of the methods. Our results
show that both methods SAQ and ASAQ are highly successful,
even with short alignments and with data that violates their as-
sumptions.

Highlighted publicacion: |2].
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Davip Copony{ defended his PhD thesis Mathematical and com-
putational modeling of flexoelectricity at mesoscopic and atomistic
scales (pdf¥) on March 1st 2021, supervised by Professor IRenE
Arias? in the Mechanics of Electroactive Materials? research
group in [LaCaN%, within the UPC doctoral program in Applied
Mathematics. During his doctoral training he also joined the
MP&MY group in Georgia Tech (Atlanta, GA, USA) lead by Profes-
sor Phanish Suryanarayana? as a visiting scholar for 5 months.
He is currently a Severo Ochoa postdoctoral trainee in the group
of Mechanics of Electroactive Materials? at CIMNEY, and part-
time associate professor at UPC.

Thesis summary. Flexoelectricity is the two-
way coupling between polarization and strain
gradients. Conversely, it couples also polar-
ization gradients and strain. It has emerged
as an alternative to piezoelectricity at small
scales. Piezoelectricity, the linear coupling be-
tween polarization and strain, is limited by
symmetry and thus sustained only by mate-
rials with a non-centrosymmetric atomic or
molecular structure. This introduces limiting tradeoffs regard-
ing performance, toughness, toxicity or operating temperature.
For instance, current electromechanical transduction technolo-
gies in sensors, actuators and energy harvesters widely across
industries rely strongly on piezoelectric ceramics such as PZT,
with high contents of toxic lead. Being a universal property of
all dielectrics, flexoelectricity broadens the class of materials for
electromechanical transduction at small scales, where gradients
are sufficiently large. Hence, it has the potential to become a key
mechanism for cleaner and safer energy devices [1].

Harnessing flexoelectricity as a functional property requires
complex gradient-generating geometries with sub/micron fea-
tures, calling for advanced modeling and computational tools
which were not available just a few years back. In this PhD
thesis, we develop an advanced computational infrastructure to
quantify flexoelectricity in solids, focusing on continuum models
but also exploring multiscale aspects.

On the one hand, we develop a mathematical and computa-
tional model for flexoelectricity at the continuum level. Math-
ematically, flexoelectricity is modeled as a coupled system of
fourth-order PDEs. The high-order nature of the problem in
combination with designs spaces necessarily involving complex
geometries, calls for advanced computational techniques beyond
standard finite element methods. This novel computational in-
frastructure is able to predict the performance of engineered de-
vices for electromechanical transduction at sub-micron scales,
where flexoelectricity is always present, without any particular
restriction in geometry, material choice, boundary conditions or
nonlinearity [2-4]. It is used to explore different means to harness
flexoelectricity towards the development of breakthrough appli-
cations in nanotechnology [5]. Of particular interest is the design

of flexoelectricity-based metamaterials producing a significant
piezoelectric-like response from non-piezoelectric base-materials
[6]. These metamaterials open up the way for light-weight chemi-
cally and mechanically biocompatible electromechanical devices.

On the other hand, we also explore flexoelectricity form first
principles and establish the connection between the continuum
and the atomistic description. We propose a novel methodol-
ogy to quantify the flexoelectric properties of dielectric materials
[7] by connecting the proper interpretation of ab-initio atomistic
simulations with the proposed models at a coarser, continuum
scales. The developed approach sheds light on a controversial
topic within the density functional theory community, where
large disagreements among different theoretical derivations are
typically found. The ab-initio computations serve not only to
extract material parameters for the continuum models [8], but
also to validate their inherent assumptions regarding the relevant
physics at the nanoscale.
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Xavier Rivas Guuarro? defended his PhD thesis
Geometrical Aspects of Contact Mechanical Systems
and Field Theories (pdf*?) on December 17th, 2021.
The thesis was produced within the UPC doc-
toral program in Applied Mathematics and was
supervised by Professors Xavier Gricia SaBari?
and Narciso RomAN Roy?.

Thesis summary: Many important theories in modern physics
can be stated using the tools of differential geometry. It is well
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known that symplectic geometry is the natural framework to deal
with autonomous Hamiltonian mechanics. This admits several
generalizations for nonautonomous systems and classical field
theories, both regular and singular. Some of these generaliza-
tions are the subject of the present dissertation.

In recent years there has been a growing interest in studying
dissipative mechanical systems from a geometric perspective by
using contact structures. In the present thesis we review what
has been done in this topic and go deeper, studying symmetries
and dissipated quantities of contact systems [2], and develop-
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ing the Lagrangian-Hamiltonian mixed formalism (Skinner-Rusk
formalism) for these systems [s5).

With regard to classical field theory, we introduce the notion
of k-precosymplectic manifold and use it to give a geometric
description of singular nonautonomous field theories. We also
devise a constraint algorithm for k-precosymplectic systems [i].

Furthermore, field theories with damping are described
through a modification of the De Donder-Weyl Hamiltonian field
theory [3]. This is achieved by combining both contact geom-
etry and k-symplectic structures, resulting in what we call the
k-contact formalism. We also introduce two notions of dissipa-
tion laws, generalizing the concept of dissipated quantity. The
preceding developments are also applied to Lagrangian field the-
ory [4]. The Skinner-Rusk formulation for k-contact systems is
described in full detail and we show how to recover both the
Lagrangian and Hamiltonian formalisms from it [6].

Throughout the thesis we have worked out several examples
both in mechanics and field theory. The most remarkable me-
chanical examples are the damped harmonic oscillator, the mo-
tion in a constant gravitational field with friction, the parachute
equation and the damped simple pendulum. On the other hand,
in field theory, we have studied the damped vibrating string,
the Burgers’ equation, the Klein-Gordon equation and its relation
with the telegrapher’s equation, and the Maxwell’s equations of
electromagnetism with dissipation.

Highlighted publication:
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Outreach

Quantum Error-Correction,
by |Smmeon Barr?.
Received October 14th, 2021.

Classical error-correction is the process by which data is pro-
tected from being corrupted by noise. In its simplest form we
wish to protect a sequence of zeros and ones which are either
being stored or transmitted. A repetition code gives a simple
protection against a bit flip error in which a o flips to a 1 and
vice-versa. To employ this code, instead of sending a 0 we send
three zeros, 000, and instead of a 1 we send three ones, 111. Thus,
to send the message oo110 we would send oooooo111111000. On
receipt, we make a majority decision on each block of three bits.
In other words, if a block of three bits is 000, 001, 010 or 100 then,
since the majority of the bits are zero, we suppose that ooo was
sent and decode as o. In this way, the sequence 001000110111001
is decoded as oo110. Even though three bit flips occurred we still
managed to recover the initial data. Thus, we have seen a simple
way to recover our data as long as no more than one in every
sequence of three bits is flipped. Unfortunately we have to send
three bits for every one bit of information. If we have a partic-
ularly noisy channel then we must send even more bits per bit
of information. One can do better by using more sophisticated
codes. The Hamming code encodes four bits onto seven bits
and is able to correct one bit flip in every sequence of seven bits.
Note that the rate of the repetition code above was % whereas the
Hamming code is % which is a vast improvement. Finding codes
with high rate which are robust enough to allow us to detect and
correct errors is a central problem of classical error-correction.

Quantum error-correction is the process by which a quantum
state is protected from being corrupted by noise. Noise is a sig-
nificant problem in quantum computation since, by their very
nature, quantum states are unstable and liable to interference
from the surrounding environment. A quantum state is usually
denoted by [¢), a column vector of the complex vector space
(C?)®", The parameter n is the number of quantum particles
in the system we are considering. If we have an 8o qubit quan-
tum computer then n = 80. The reason we have C? is that we
are assuming the individual quantum particles will be in one of
two states, usually denoted by |0) and |1), upon measurement.
This measurement may be simply observation. The |0) and |1)
are column vectors of C? and form an orthonormal basis of this
vector space. A particle exhibiting quantum properties can be in
a superposition of these states. Thus, a single qubit can be in a
state

) = al0) + b|1) € C2.

For example, a photon, after passing through a beam splitter,
maybe in the state %(|0> + |1)), where |0) corresponds to the
horizontal direction and |1) to the vertical direction. Upon ob-
servation, the particle will be in |0) or |1). One interpretation of
the state |¢) is that it will be in |0) with a probability aa and
|1) with a probability bb. Here, Z is the complex conjugate of the
complex number z. Since probabilities must sum to 1, we have
that aa + bb = 1. Thus, the quantum state of a single particle is
described by a unit vector in C? and more generally the quantum
state of a system of n particles is described by a unit vector in
(C%)®", We generally use the orthonormal basis

{lz1zo ... 2p) |2 € {0,1}}

for the vector space (C?)®".

IMTech Newsletter 2, December 2021

A more surprising property than superposition is that quantum
particles can become entangled. Consider the state of a system
of two quantum particles

200} + [11)).

If the first particle is observed to be in state |0) then second
particle will necessarily be in state |0), since the coefficient of
|01) is zero and thus there is no chance that the second particle
will be found in state |1). That is, the particles are entangled.
Entanglement is a very useful property; quantum error-correction
relies on entanglement.

As in classical error-correction, where we encode k bits of data
with n bits, one encodes k qubits of information onto 7 qubits.
The image of this map is a k-dimensional subspace @ of (C?)®"
which is our quantum error-correcting code. Changes to the state
|t)) of the quantum system are given by unitary linear transfor-
mations. Consider, for the moment, just one particle. The linear
transformations of C? are given by 2 x 2 matrices, which as a
vector space is 4-dimensional. Thus, an error in one particle is a
unitary linear transformation which is a linear combination of 4
linearly independent matrices. A convenient basis for this space
of matrices is the set of Pauli matrices,

N i A R

One major theorem of quantum error-correction states that if one
can correct a set £ of errors then one can correct all errors in
the span of matrices of £, [1if Theorem 10.2].

For any [¢), we denote by (¢| the corresponding row vec-
tor whose coordinates have been conjugated. Thus, (|} is the
standard inner product on the complex space. The other major
theorem of quantum error-correction tells us precisely the prop-
erty that ) should have so that there exists a recovery map that
allows us to recover |¢)) € @, after the noisy error operator has
been applied to |¢)). To be able to correct all errors in a set &,
and therefore all linear combinations of errors in &, it suffices
that

(6B Ejlv) = cij(g]v), )

for any errors E;, E; € € and for all [¢),|¢) € Q.

The essential observation here is that orthogonal states of @)
remain orthogonal after the errors are applied to them.

What kind of errors are we trying to correct? In classical error-
correction we try to correct small weight errors, i.e. errors which
have a small number of bit flips. The same is true of quantum
errors. The Pauli operators are of the form

01®02Q - Q 0p,

where o; € {1,X,Y,Z}. We typically expect £ to contain all
tensor products where most of the o; are the 2 x 2 identity matrix
1 and just a few are one of the other Pauli matrices.

How do we find a quantum error-correcting code Q? Most
known constructions are stabiliser codes, so named because Q) is
stabilised by a large set S of Pauli operators. The set .S is chosen
to be an abelian subgroup of the multiplicative group of Pauli
operators. Observe that since Y = ¢X 7 and the Pauli matrices
either commute or anti-commute, the set of Pauli operators be-
comes a multiplicative group if we allow ourselves to scale by
+1 and 4i. The code

Q = {[Y) € (C*)®" | M|y) = |¢), for all M € S}
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Now we can check that we can correct all errors E that are not
in the centraliser of S. Since E is not in the centraliser of S,
there is an M € S such that EM = cMFE, ¢ # 1. Then, for all

[¥),19) € @,
(VIE|9) = (Y|EM|¢) = c(Y|ME|)) = c($|E|d)

from which it follows that (¢)|E|¢) = 0, Thus, the condition
is satisfied for all Ej E;. Therefore, we only need find abelian
subgroups S for which the centraliser of S has no small weight
Pauli operators.

Let us summarise the quantum error-correction process. We
store quantum information on & qubits on a state |1)) which is
a vector in a k-dimensional error-correcting code ). We have a
recovery map which will map E|) to |¢) for any linear combi-
nation of small weight Pauli operators £. We will wish to process
the information, that is apply some unitary transformation to the
state [1)). This must be done fault-tolerantly. That is, we must

apply logic gates designed according to @, so that the probability
that a large weight error occurs is arbitrarily small. The design of
fault tolerant logic gates is another interesting aspect of quantum
error-correction. Finally, after the computation is complete, we
measure the quantum state to learn the result of the computa-
tion. Details of the known quantum algorithms can be found in
Chapters 5 and 6 of [1]. The design of quantum algorithms is yet
another interesting branch of quantum computation. For more
details on this and all of the above see [1].
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Data Analytics for efficient healthcare systems,
by Ricarp GavaLpA¥, |Amalfi Analytics? (On leave from UPC).
Received October 19th, 2021.

The context. Europe and the developed world are aging quickly.
About 23% of the Europeans are over 65 today, and estimates are
that this percentage will be 40% by 2040. This puts an enormous
stress on the pillars of the welfare state, in particular retirement
pensions, social services for the elderly, and healthcare. Given
that healthcare already uses about 20% of public spending, large
increases in funding are unlikely.

The panorama is dismal, but there is one hope: There are
huge inefficiencies in the healthcare system, and so opportunities
for getting more from the same resources. Avoidable hospitaliza-
tions, unnecessary medication and tests, and lack of coordination
among healthcare agents are estimated to cost several hundred
billion euros yearly in the EU.

The Case for Activity Data Analytics. Technology can be useful
for locating and reducing these inefficiencies and, within tech-
nology, the full exploitation of the data that the system collects
to record its activity.

Amalfi Analytics? is a spinoff of the UPCY. It originated when
the author of this note, a pure academic doing research on Ma-
chine Learning, meets medical Dr. Juianna Risera”. Julianna’s
30+ year career includes many management positions in the Cata-
lan healthcare services, in hospitals, primary care, and planning
at the territorial level. She felt that people that are in charge
of managing healthcare, with a clinical view but also aware of
resource constraints, did not have the adequate tools.

Amalfi wants to provide the managers with the data analytic
tools that Julianna always wanted to have as a manager, to predict
needs, anticipate demands, and allocate resources accordingly.

Discovering insights in clinical healthcare records. Consider
the |ANISY platform we have developed for analyzing clinical
healthcare records. It focuses on improving attention to patients
with chronic diseases. It receives the activity data that hospitals
use for billing the government or insurance companies. For each
visit to the healthcare provider, it contains date, basic patient
data and diagnostics and treatments, all in standardized codes.

This information is certainly too basic to do precision medicine
or personalized diagnosis. But, one, the hospital is already ex-
tracting it, and two, it describes population health status accu-
rately enough to decide on health policies, attention protocols,
and planning.
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For example, ANIS contains a powerful clustering algorithm de-
rived from Matteo Ruffini’s Ph.D. thesis [1,2]. It can partition the
set of patients of a given pathology into clear subgroups with dis-
tinct comorbidities, treatments, medication, and clinical results.
Then, instead of treating all these patients uniformly with a sin-
gle clinical guideline, clinicians can decide to adapt the protocols
to specific subgroups and route patients differently within the
system. We have seen that this invariably leads to both reduced
costs for the system and increased patient safety.

Critical to the practical success of this approach are the spe-
cial features of the clustering algorithm. It is based on tensor
decomposition techniques and maximizing the likelihood of the
data given the clusters. It tends to find more interesting structure
in high-dimensional data as is our case. It is not distracted by
irrelevant variables. And it does not require an explicit “similar-
ity" or “distance” function to work; we cannot expect a clinician
to define such a function when starting a study.

ANIS contains other features such as algorithms for efficiently
mining k-ary associations among diagnostics [3].

We find specially gratifying that the algorithms above all have
rigorous mathematical guarantees of performance and work well
in practice. They are fast and, most of the time, they provide
interesting insights to clinicians that use them.

Predictive tools for managing resources. While ANIS is de-
signed for occasional, in-depth analysis, other platforms devel-
oped at Amalfi are designed for daily routine use at various
parts of the healthcare system.

For example, Emergency Rooms (ER) are one of the hot spots
in any hospital. The APIS platform uses historical activity data
(plus other data) to train predictive models of activity. It predicts
the influx to the ER (how many people will arrive, and with what
kind of problems), how many people will occupy each space of
the ER, and how many of these patients will have to be hospi-
talized, with time horizons ranging from hours to weeks. This
lets the manager anticipate peaks of activity and congestion, and
rearrange staff and resources before chaos occurs.

A major challenge in these platforms is the robustness and
autonomy of the predictive models or, in other words, the fact
that the distribution of the data arriving in the system is any-
thing but stationary. Some changes occur gradually (e.g. aging
population), but others occur suddenly (e.g., the hospital changes
some protocol, or COVID-19 explodes). The platform needs to be
continuously checking for changes, revising parts of the model,
or throwing away the existing model altogether and creating a
new one. Here the tool has been the algorithmics of machine
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learning on data streams [4].

In conclusion. There are innumerable problems in healthcare
management, large and small, that can benefit from good Ma-
chine Learning / data analytic algorithms. Imagination for match-
ing healthcare problems to algorithms is crucial. But if these
algorithms are to be deployed in hospitals without continuous
supervision by a data scientist, the strengths and limitations of
algorithms should be well understood mathematically — some-
thing that we feel is still lacking in much of Deep Learning, for
example.

Given the highly sensitive nature of healthcare data and the
necessary legal restrictions, we are at the moment interested in
the practicality of two research areas: Federated Learning, that
allows learning from separate sources of data without exchang-
ing them, and Differential Privacy, to do Machine Learning on
encrypted, unidentifiable data.

Both are still largely untested in healthcare setting (in fact in
any practical setting). We already have a working implementation

of a Federated Learning framework.
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Communications 28 (2015), 143-158.

A. Bifet, R. Gavalda, G. Holmes, B. Pfahringer. Machine Learn-
ing for Data Streams, with Practical Examples in MOA. MIT
Press, 2018.

(4]

Chronicles

The European Conference on Combinatorics, Graph Theory
and Applications (Eurocoms’21) at UPC

by GuiLLem Perarnau? and Juanjo Rut? (DMATY & IMTech?,
Chairs of the Organizing Commitee of Eurocoms'21)

In the year 2001, Barcelona was the first host site of the Euro-
pean Conference on Combinatorics, Graph Theory and Applica-
tions (Eurocomb). After 20 years, its 11th edition has come back
to our city, being fully organized by UPC. In previous years, Euro-
comb has taken place in different european cities: Prague, Berlin,
Seville, Bordeaux, Budapest, Pisa, Bergen, Vienna and Bratislava.
This year has been special due to the extraordinary situation
concerning COVID: it was the first time this conference has been
organized fully online. All details concerning its organization
can be found in the website of the conference: Eurocoms’217,
The event was sponsored by CUP?,|CRMY, DIMATIAY, Elsevier®?,
IECY, SCMY, and of course UPCY.

The conference was a showcase of the most recent advances
in Combinatorics and Graph Theory including applications in
other areas of Mathematics, Computer Science and Engineer-
ing. The list of topics included is Algebraic Combinatorics,
Combinatorial Geometry, Combinatorial Number Theory, Combi-
natorial Optimization, Designs and Configurations, Enumerative
Combinatorics, Extremal Combinatorics, Graph Theory, Ordered
Sets, Probabilistic Combinatorics, Random discrete structures and
Topological Combinatorics.

There were 10 plenary lectures by world-leading researchers in
the area of Discrete Mathematics and also in related fields such
as Theoretical Computer Science: JuLia Borrcuer? (LSE, London),
Joser Diaz? (UPC, Barcelona), Louts Esperet? (G-SCOP, Greno-
ble), (Curistian KrarTENTHALERY (U. Wien), SErRGeY Norin© (McGill,
Montreal), WiLL Perkins? (UIC, Chicago), Marcin PiLieczuk? (U.
of Warsaw), Lisa SauerMan? (MIT), Eva Tarpos? (Cornell, Ithaca),
and Davip Woobp?” (Monash, Melbourne). The conference had
273 participants, a notable increase with respect to the 170 par-
ticipants of the 2019 edition. Among them, 119 were students
(44 %). From the usage perspective there were a total of 2760
connections, 131353 Minutes of streaming (this is equivalent to 3
months), 138 average participants at each plenary lecture and 47
average participants at each contributed session... all that data in
a 5 day conference!

There were a total of 178 submissions, from which 135 were
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accepted for a contributed talk, that were split into 4 parallel
sessions. The accepted extended abstracts have been published
as a volume of CRM Research Perspectives by Birkhduser (858
pages), edited by Jaroslav Nesetril, Guillem Perarnau, Juanjo Rué
and Oriol Serra.

Two special events were held during the conference. Firstly, the
prestigious European Prize in Combinatorics? 2021 was awarded.
This prize, which started at EUROCOMB 2003, awards significant
contributions to combinatorics and related areas to researchers
who are not older than 35 years and are either European citi-
zens or employed by a European university. At EUROCOMB’21
the international jury consisted from Prof. Béla Bollobas (Univer-
sity of Cambridge and The University of Memphis), Prof. Jaroslav
Nesetril (chair, Charles University, Prague), and Prof. Janos Pach
(Alfréd Rényi Institute of Mathematics, Budapest). The jury de-
cided to award four prizes. In alphabetical order, the four lau-
reates were: PiTeR PAL Pacu? (Budapest University of Technology
and Economics), JuLiaN SanasraBupHE' (University of Cambridge),
Lisa SauerMANN{ (MIT), and Istvan Tomon? (ETH Ziirich). The
prize cerimony took place at the main building of the Institut
d’Estudis Catalans (IEC), and was hosted by the President of So-
cietat Catalana de Matematiques, Prof. Dolors Herbera, and with
the participation of the Research Vicerrector at UPC, Prof. Jordi
Llorca, and Director of Centre de Recerca Matematica, Prof. Lluis
Alseda. Secondly, there was a special session of the conference
devoted to the memory of Prof. Robin Thomas and his con-
tributions in Combinatorics. The session included the plenary
lecture by Sercey NorinY and invited talks by Dan KrAL'Y, ZpENEK
Dvorak?, and [Luke PosTLE?.

There was an international programme committee formed
by Maria Axenovich (KIT, Karlsruhe), Agnes Backhausz (Etvos
Lorand U., Budapest), Marthe Bonamy (LABRI, Bordeaux), Michael
Drmota (TUWien), Zdenek Dvordk (Charles University, Prague),
Stefan Felsner (TU Berlin), Ervin Gyori (Alfred Rényi Institute,
Budapest), Dan Kral' (Masaryk University, Brno), Bojan Mohar
(SFU, Vancouver and Univ. of Ljubljana), Rob Morris (IMPA, Rio
de Janeiro), Jaroslav NeSetril (Charles University and ITI, Prague),
Chair, Marc Noy (UPC, Barcelona), Patrice Ossona de Mendez
(CNRS and EHESS, Paris), Marco Pellegrini (IIT-CNR, Pisa), Oleg
Pikhurko (Warwick), Andrzej Rucinski (UAM, Péznan and Emory),
Oriol Serra (UPC, Barcelona), Co-chair, Martin Skoviera (Come-
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nius U., Bratislava), Jozef Skokan (LSE, London), Maya Stein (U. de Alberto Espuny (Ilmenau), Guillem Perarnau (UPC), co-chair, Clé-

Chile, Santiago de Chile), Benjamin Sudakov (ETH, Zurich) and ment Requilé (Uppsala), Juanjo Rué (UPC), co-chair, Christoph

Xuding Zhu (Zhejiang Normal U., Jinhua). Spiegel (Zuse Institute, Berlin), Vasiliki Velona (UPC and UPF),
Finally, but not least, the local organizing committee was Lluis Vena (UPC) and Maximilian Wétzel (UPC). We warmly thank

mostly composed of researchers from UPC. The complete list all of them for their commitment and support to the organization

of organisers is Albert Atserias (UPC), Simeon Ball (UPC), Ilario of this successful event.

Bonacina (UPC), Matthew Coulson (UPC), Anna de Mier (UPC),

eurocomb

seplember

:" .aml“-a . .“li". Sth to 10th

The ICIAM 2019 SEMA SIMAI Springer Series, by Amapru/ =Recent advances in Industrial and Applied Mathematics?,
Dersuams| (IMTech?), Editor in Chief (EiC) of the series. edited by Tomis Cuacon ResorLo?, Rosa Donar? and

§ @
During the third week of July the ICIAM 2019 Congress? took INMACULADA HIGUERAST'.

place in Valencia with almost 4,000 participants, 50 plenary lec-  a Mathematical Descriptions of Traffic Flow: Micro, Macro and Ki-

tures, more than 300 mini-symposia, 550 contributed talks and | atic Models?, edited by Gasrieia Purpo? and [AnpreA Tosn?.
250 posters. A wide representation of the world of applied math-

ematics met in Valencia to present and discuss how mathematics ® Systems, Patterns and Data Engineering with Geometric Cal-
was applied to the most diverse disciplines, such as: culi’, edited by SeBasTIA XamBO-DEscAmPs |’

® Applied Mathematics for Industry and Engineering, = Multidisciplinary Mathematical Modelling.  Applications of

B Biology, Medicine and other natural sciences. Mathematics to the Real World?, edited by Francesc Fonr

B Control and Systems Theory. Marrinez? and i Myers®.

B Dynamical Systems and Nonlinear Analysis.

B Finance and Management Science. = Progress in Industrial Mathematics: Success Stories'?, edited by

B Industrial Mathematics. ManuiL Cruz?, Carros Parés? and |PEREGRINA QUINTELAY.

: I\N/Iather.natllcs and 'Computer Science. = Improving Applied Mathematics Education?, edited by Ron
umerical Analysis. =2

® Partial Differential Equations. Buckmire? and Jessica M. LIBERTINI

® Simulation and Modelling. ® Fractals in engineering: Theoretical Aspects and Numerical

Within the organizing committee the idea arose that it would ~ Approximations”, edited by Maria Rosaria Lancia™ and Anna

be very convenient to capture a significant part of the presen- RozaNova-PIERRaT .

tations and debates that took place. After several contacts with
the Springer publishing house, this idea gave rise to a series of
volumes that would record the most outstanding advances that

= Recent Advances in Differential Equations and Control The-
ory?, edited by Carmen Pirez-Marrinez? and ConcepciON

o MurieL?.
took place in it.
e This offer crystallized in the ICIAM 2019 SEMA| ®/Applications of Wavelet Multiresolution Analysis®, edited by
SIMAI Springer Series?, which included sev-  JuaN PaBLo Muszkats, Sivia ALEJANDRA SEMINARA and Magia INEs
eral volumes. Among them, the volume ded-  TrRoPAREVsKY.

L?&Tglﬂgi icated to the lectures of the plenary speak-

el ers which occupies a very central and special
place, as it is offered in open access mode,
thanks to the support of SEMAY (Sociedad Es-

pafiola de Matematica Aplicada). = Applied Mathematics for Environmental Problems?, edited by

The selection of the 336 mini symposia of the ICIAM 2019 was ~ MARiA IsaBEL Asensio”, ALgert OLIVER SErrA" and Josi SARRATE",
made by its Academic Committee?”. In a very direct relation-
ship, the Editorial Committee” of this series was formed by A.
Dersuams? (EiC), F. ArAnpica Lraupés?, M. M. Gémez MarmoLY?,
F. M. GuiLLEN-GonzALEZ", F. ORTEGON GALLEGO, CaRLOS Paris', P, = Emerging problems in the Homogenization of Partial Differen-
Quintera®, |C. Vazquez-Cenpon', |S. XamBo-Descamps'?. tial Equations?, edited by Parrizia Donato? and ManukL Luna-
The members of this Committee were in charge of selecting  Laynez¥.

the proposals, many of them derived from mini-congress sym-

posia, and also of acting as editors in charge of the 13 volumes As can be easily seen, the application of mathematics spreads
that make up this series: through the most diverse areas such as Industry, Health and

= Stabilization of Distributed Parameter Systems: Design Methods
and Applications?, edited by |GriGory Skivar” and |ALEXANDER
ZuYEv'?.

® Cartesian CFD Methods for Complex Applications?, edited by
Rarr DEeITERDING Y, MARGARETE OLIvEIRAY and [Kar ScuNEDERY.
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Energy, Engineering Data Science, Environmental problems, Geo-
metric Calculi, Numerical approximation, Traffic flow, Education,
etc.

I encourage the reader to delve into the volumes of this se-
ries and to learn, reflect, incorporate new ideas and, in general,
enjoy its content, with the hope that the volumes of this series
can serve as a reference for even more innovative applications of
mathematics in the future.

This series has been made possible by many people. Starting

with the 2019 ICIAM Congress, especially its Executive Commit-
tee led by Tomas Chacén and Rosa Donat as living forces of the
event, as well as its scientific committee led by Alfio Quarteri-
oni and the multiple organizers of mini-symposia, speakers and
attendees. Continuing with Francesca Bonadei as a promoter
within Springer of the need for the existence of this series, and
ending with the responsible editors and authors of each volume,
who, with their excellent work, are the real creators of the mes-
sage of this series.

IMTech Colloquium 24/11/2021
by Gemma Hucuer?

On November 24, Professor |La1-Sanc Younc'” delivered an IMTech
Colloquium Lecture| on Chaotic and random dynamical systems

Since 1999, IS Younc holds the Henry & Lucy Moses Profes-
sorship of Science and is professor of mathematics and neural
science at the NYU Courant Institute of Mathematical Sciences!
She earned her PhD (1978) from the University of California at
Berkeley. In the past, she held positions at Northwestern Univer-
sity?, Michigan State University'?, the [University of Arizona’, and
the [University of California, Los Angeles?. She is currently distin-
guished visiting Professor at the [nstitute for Advanced Study?.
In 2020 she was elected a member of the National Academy of
Sciences?.

She is an outstanding scientist for her contributions to the field
of Dynamical systems, and in particular chaotic systems. In the
last 10-15 years, she expanded her research to large and complex
dynamical systems and in particular to Theoretical and Compu-
tational Neuroscience, where she has important contributions.

In her lecture she compared and contrasted chaotic (determin-
istic) dynamical systems with their stochastic counterparts, that
is, when small random perturbations are added to model uncon-
trolled fluctuations. She organized the presentation in 3 parts. In

the first part, she discussed how deterministic systems that are
sufficiently chaotic produce signals that resemble (genuinely ran-
dom) stochastic processes. In the second part, she compared the
ergodic theories of chaotic systems and of random maps (such as
stochastic flows generated by Stochastic Differential Equations),
showing that many results are nicer in the random category. In
the last part, she showed that in some ways existing theory of
chaotic systems requires too detailed information for it to be
readily applicable, while a little bit of random noise can go a
long way.

@

CRM awarded Maria de Maeztu insignia, by Marcel Guardia
and [Eva Miranda”***. Received Novembre 3rd, 2021.

* DMATY, IMTech? and CRMY. ** Director of the LGSDY.

The CRMY (Centre de Recerca Matematica) has recently been
awarded the accreditation as Maria de Maeztu Unit of Excel-
lence for the period 2022-2025 (2020 call).

The aim of the Spanish Severo Ochoa and Maria de Maeztu
programs is to recognise public research organizations, in any
scientific area, that stand out on account of the relevance and
impact of the results obtained during the previous reference pe-
riod at an international level. The distinctive is granted after
a rigorous evaluation process by an international committee of
world-class scientists and according to the most demanding stan-
dards. The 2020 call has recognized seven Severo Ochoa centers
of excellence and six Maria de Maeztu excellence units.

The Maria de Maeztu award provides funding (2M €) for the
proposed CRM strategic research plan, which aims at consoli-
dating the CRM scientific capacities and boosting its capacity to
attract talent for the next four years. In particular, this funding
will allow the CRM to open 8 predoctoral positions and 15 post-
doctoral positions in different research fields within the realm
of Mathematics. The CRM will also open 2 junior researcher
positions in Artificial Intelligence and Mathematical Modeling in
Public Health.

This Maria de Maeztu accreditation has been obtained in a
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moment of deep transformation of the CRM. Indeed, in the last
two years several researchers of the UPCY and the UABY have be-
come affiliated members of the CRM. These transformations en-
large the research scope of the CRM and strengthens the Catalan
mathematical community by fostering interactions between re-
searchers of different fields, ranging from the most theoretical to
the most applied ones. The strategic plan of the CRM charts ini-
tiatives towards promoting interdisciplinary research both within
Mathematics and also with other sciences. These initiatives will
be spelled out in the kick off meeting of the Maria de Maeztu
accreditation which will take place on January 28, 2022, in the
CRM facilities.

This is the second time that the CRM has been bestowed with
this distinction. The first was on the occasion of launching in
2015 the BGSMath? (Barcelona Graduate School of Mathematics),
of which the CRM is the managing institution.

The CRM has also joined the SOMMa Alliance'”, whose goal
is to internationally promote, strengthen and maximise the value
of the ground-breaking research produced by the Spanish Severo
Ochoa Centres and Maria de Maeztu Units of Excellence and
the scientific, social and economic impact it generates. There
are currently four Mathematical Research Centers in the SOMMa
Alliance: ICMAT?, BCAMY and IMAGY (Instituto de Matematicas
de la Universidad de Granada), that has obtained the accredita-
tion as Maria de Maeztu Unit of Excellence at the same time as
the CRM.
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ImaGINARY, a mathematical symphony,
by Maria Avserica?(DMATY & IMTech?) and S. XamBo .

From 22 September to 17 December 2021, Imaginary, a mathe-
matical symphony was exhibited at the FMEY. Based on the
traveling version RSME-Imaginary!”, which was promoted by the
RSMEY on the occasion of celebrating its centenary in 201, this
time it was extended with four special units on:

1. The scientific design of musical instruments;

2. Robotics;

3. Artificial Intelligence; and

4. Kaleidoscopic generation of polyhedra.
They will be described in more detail below.

The original Imacinary exhibition was initiated in 2008 by the
MFOY, promoted by |Gerr-Martin Greuer? and ANDrEas Mart?,
on the occasion of the German Year of Mathematics”. RSME-
Imaginary is an adaptation of that exhibition. Although the plas-
tic elements (paintings and sculptures) are the same, the texts
that accompany the images are not translations of the MFO Imac-
INARY texts, but were written in order to connect with as broad a
public as possible, especially secondary school students.

The early promoters of RSME-Imaginary were the then Pres-
ident of the RSME, Antonio CampirLo, and SeBastiA XamBo, the
General Commissioner (2011-2013) of the exhibit. Initially two
versions were produced, both with the title “Imaginary: una mi-
rada matemética”: one, based on just 12 images, was displayed in
2011 by CosmoCaixa’ (six months in Madrid and the next six in
Barcelona), and another, the complete travelling exhibition, that
in its first period was displayed in fifteen cities in Spain. The lat-
ter is based on 31 images of algebraic surfaces with singularities
and 13 images of differentiable surfaces. Each image is accompa-
nied by a text. The thread of the texts highlights the interrelation
of mathematics with the arts, sciences and technology. The exhi-
bition is eminently interactive. Visitors can experiment with var-
ious freely available programs, including Surfer??, Mornaments®,
j-Reality?, and a Cinderella kiosk".

The new texts that accompany the images of algebraic surfaces,
created by a team coordinated by M. ALBericH, were incorporated
into the Surfer program by the MFO, thus becoming part of the
travelling exhibit of MFO and also of the online exhibition Math-
ematics of Planet Earth 2013 (MPE2013%), promoted by UNESCO.

Sponsored by the [Leibniz Association?, IMaciNary has recently
become a non-profit international organization based in Berlin. It
is independent of MFO and has representations in several coun-
tries. In Spain it is steered by the Imaginary Committee?? of the
RSME, with Jurio Bernufs? as its General Commissioner.

The full itinerant RSME-Imaginary was exhibited during the
spring of 2012 in Barcelona, in the Santa Agata chapel
of the MUHBAY, the City History Museum, under the title
Imaginary/BCN, la mirada matematica, les arts i el patrimoni?
(the mathematical view, the arts and the heritage). The exhibi-
tion of MUHBA incorporated four additional modules stemming
from the mathematical look on heritage elements of the city:
the wall paintings of FErrer Bassa? (1285-1348) in the Monastery
of Pedralbes?, the gothic architecture (Santa Agata, Tinell?, and
the Monastery of Pedralbes), and the clock that clanged quar-
ters and hours to the city between 1577 and 1864 (the Flemish

clock?). It also included a fourth module dedicated to Estesan
TerraDAS” (1883-1950) in recognition of his wide and penetrat-
ing mathematical and engineering mind. The four local modules
were the result of an intense and fruitful collaboration between
MUHBA and teams of UPC professors headed by M. Arpericu
(Gothic painting), Joan Font (Gothic Architecture), Joaquim AGuLLO
BarrLe? (clock) and Antont Roca RoseLL? (Terradas).

After ten years, the RSME-Imaginary has visited the FME on
the occasion of the 5oth anniversary of the UPC, now with the
title Imaginary, a mathematical symphony, which is meant to
evoke that a “mathematical melody” is emitted not only by mu-
sic, but also by art, science, engineering, and the humanities.
The space Fiction Sciences: Art, Machines, and Algorithms,
which is the specific addition by the FME to the exhibition, facil-
itates tuning to that melody. It consists of four units, respectively
devoted to the scientific design of musical instruments (highlight-
ing the creation of a new musical instrument, the ‘baritona’ in
Catalan), robotics (with special mention of their applications to
surgery and healthcare), artificial intelligence, and two deltoidal
kaleidoscopes provided by the Mathematics Museum of Catalo-
nia (MMACA) that generate images, through reflections of a set of
carefully crafted pieces, of the Archimedean polyhedra and their
duals.

Each unit was introduced by two computer-generated graph-
ics and two text panels, all designed according to the standard
format of RSME-Imaginary. Thus the four introductions were
meant to appear as a prolongation of that exhibit, but pointing
to the modules within the Fiction sciences. The first three mod-
ules consisted of two graphics-and-text panels, providing more
detail about the contents of the module, and a high resolution
TV screen displaying an interactive menu that provided access
to a variety of experiences, especially videos. In the case of
the MMACA module, each kaleidoscope had an associated panel
featuring the polyhedra that it could generate. It had also a
collection of colorful polyhedra built by folding paper.

The production of the Fiction Sciences has been possible
thanks to the collaboration of many researchers from UPC and
from institutions in the UPC ecosystem. They have shared their
research results, have granted permission for their use, and have
been involved in the work of popular dissemination. In addition
to the names in this list of collaborations?, there were many
others that contributed anonymously. Concerning the production
of the displayed contents, a special acknowledgement is due to
the following names. ‘Baritona’ unit: JoaQuim AcuLLé?, Maria
AvrBericH, SEBAsTIA XaMBO and Jorpr Campos; Robotics unit: Maria
ALBERICH, PABLO JIMENEZ, SEBASTIA XAMBO, with advice from Aticia
CasaLs and CarME Torras; Al unit: KariNa GIBERT, SEBASTIA XAMBO,
CrisTiaN Barrug, Urises Corrtés, Diana E VELez; MMACA unit: Josep
Rey, ManueL Ubina, and SeBasTiA XaMBO. Let us also mention the
research institutions to which collaborators are affiliated: TRIY,
CREBY, BSCY, IECY, IDEAIY, and IMTech?

The initiative was rewarded by the visit of over 800 people in
25 guided tours. There were also an unknown number of vis-
itors that did not request a guide. On December 1st, we had
the Tmaginary Day', with lectures by PiLar Baver? and JoaqQuim
Acutrd, and a lovely ‘baritona’ concert played by Jorbr Campos.
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Events

Tere MARTINEZ-SEARA'S” Fest (5-9 July, 2022)

GLOBAL AND LOCAL ASPECTS IN DYNAMICAL SYSTEMS
FROM EXPONENTIALLY SMALL PHENOMENA TO INSTABILITY

From 5th until 9th July, 2022

At Institut d'Estudis Catalans, Carrer del Carme, 47
Barcelona

SCIENTIFIC COMMITTEE

Marie Claude Arnaud
Amadeu Delshams

INVITED SPEAKERS

Vadim Kaloshin
Rafael de la Llave
Susanna Terracini

M. C. Arnaud / V. Baladi / I. Baldoma / M. Berti
S. Bolotin / A. Bounemoura / M. Capinski
A. Celletti / C.-Q. Cheng / L. Chierchia
G. Contreras / A. Delshams / L. Diaz
N. Fagella/ A. Fathi /J. Fejoz
E. Fontich / V. Gelfreich / M. Gidea
A. Jorba/ V. Kaloshin / V. Rom Kedar / E. Lega
R.dela Llave/J. P. Marco/ E. Miranda
R. Montgomery / L. Niederman / G. Pinzari
M. Procesi/D. Sauzin / . Simd /J. de Simol

A.Sorrentino / S. Terracini / D. Treschev
JameOlve D. Turaev / C. Zeng / P. Zgliczynski /K. Zhang

ICREA H 8 sosm H ¢ ‘ CRM? E ?

The Dynamical Systems Group? of the UPC organizes the con-
ference Global and local aspects in dynamical systems: From Ex-
ponentially small phenomena to Instability GLADS-22% in honor
Professor Tere M-Seara on the occasion of her 6oth birthday.

ORGANIZING COMMITTEE

Inma Baldoméa
Marcel Guardia
Gemma Huguet
Tomés Lézaro
Pau Martin

She is a Full Professor at the Department of Mathematics!? (UPC),
leader of the Dynamical Systems group (UPC), and member of
IMTech? and CRMY. She has done seminal contributions to

relevant problems in the field of Dynamical Systems and, in par-
ticular, on Arnold diffusion and exponentially small phenomena.

The conference GLADS-22 will take place from July 5 to July g
2022 at the Institut d’Estudis Catalans (IEC?). The conference
was originally scheduled for July 2021, but it was postponed due
to the pandemic situation.

The congress will bring together a prominent number of distin-

guished mathematicians in the Dynamical Systems field!

Scientific Committee Organizing Committee

(1 Marie-CLAaupe ArnauD?, U Inma BarpomA?,

7 N 7
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2 2
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2 P ;

(1 RarateL DE 1A Lrave?, U Tomas Lizaro?,
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(1 Susanna Terracini?. ) Pau MartinG,
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U [CarmE OLvi?,

Q) Jorpr ViLLanueva?.

Reviews

Books

Information geometry and its applications, by SHUN-ICHI
Avar?.  Applied Mathematical Sciences, 194, Springer, 2016.
XI+374 P.
From the Preface: “Information geometry is a method of ex-
ploring the world of information by means of modern geometry.
Theories of information have so far been studied mostly by us-
ing algebraic, logical, analytical, and probabilistic methods. Since
geometry studies mutual relations between elements such as dis-
tance and curvature, it should provide the information sciences
with powerful tools.

Information geometry has emerged from studies of invariant
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geometrical structure involved in statistical inference. It defines
a Riemannian metric together with dually coupled affine connec-
tions in a manifold of probability distributions. These structures
play important roles not only in statistical inference but also
in wider areas of information sciences, such as machine learn-
ing, signal processing, optimization, and even neuroscience, not
to mention mathematics and physics. It is intended that the
present monograph will give an introduction to information ge-
ometry and an overview of wide areas of application.”

“Now information geometry has been developed worldwide
and many symposia and workshops have been organized around
the world. Its areas of application have been enlarged from sta-
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tistical inference to wider fields of information sciences.”

From page p. 313: “Watanabe and his school (Watanabe 2001,
2009) have studied the effects of singularity in Bayesian infer-
ence by using modern algebraic geometry. The theory uses
deeper knowledge of mathematics and is beyond the scope of
the present monograph.” The title of the 2009 book by Sumio
Watanabe is Algebraic Geometry and Statistical Learning The-
ory and was published by Cambridge University Press.

Machine learning for data streams, with
practical examples in MOA, by A. Birer, R.
GavarpA?, |G. Hormes?, and B. PranriNGer?.
The MIT Press, 2017.

From the Preface: “This book presents many
of the algorithms and techniques that are cur-
rently used in the field of data stream mining.
A software framework that implements many
of the techniques explained in this book is available from the Web
as the open-source project called MOA [Massive Online Analysis].
The goal of this book is to present the techniques in data stream
mining to three specific groups of readers:

1. Readers who want to use stream mining as a tool, who do not
have a strong background in algorithmics or programming, but do
have a basic background in data mining. An example would be
students or professionals in fields such as management, business
intelligence, or marketing. We provide a hands-on introduction
to MOA, in a task-oriented (not algorithm-oriented) way.

2. Readers who want to do research or innovation in data stream
mining. They would like to know details of the algorithms, eval-
uation methods, and so on, in order to create new algorithms or
use existing ones, evaluate their performance, and possibly in-
clude them in their applications. This group comprises advanced
undergraduate, master’s, and PhD students in computing or data
science, as well as developers in innovative environments.

3. Readers who, in addition to the above, want to try includ-
ing new algorithms in MOA, possibly contributing them to the
project. They need to know the class structure of MOA and how
to create, for instance, new learners for MOA.” (from the Preface).

Bemenn Ball

A course in algebraic error-correcting codes,
by Simeon Barr. Compact Textbooks in Mathe-
matics, Birkhduser, 2020. xi+177 p.

7bl 1454.94142: “This book is a comprehensive Ii[ggﬂ::?cm
introduction of the theory of algebraic cod- ~ Error-Correcting
ing theory to students at the Master’s level. It Codes
synthesizes into a well-organized and readable

textbook the most important topics in coding 5 Bk

theory, and also some of its applications.

The first chapter of the book is devoted to the presentation of
Shannon’s theorem, which provides a motivational reason for the
study of error-correcting codes. Chapter 2 introduces finite fields,
polynomials over such fields, and geometries in positive charac-
teristic. From Chapter 3 to Chapter 6, the book is devoted to
developing the classical theory of block codes, introducing their
patterns, linear codes, classical bounds, and also relevant families
of codes (i.e. Cyclic codes and MDS codes). The remaining part
of the book investigates more advanced topics: Chapter 7 deals
with Alternant and Algebraic Geometric codes, Chapter 8 inves-
tigates LDPC codes, Chapter g studies Reed-Muller and Kerdock
codes, while Chapter 10 introduces p-adic codes.

The undisputed merit of this book is its ability to bring to-
gether many topics, including current research, in a compact
volume. Moreover, throughout the book, the author provides ex-
ercises that stimulate the interest of the reader. The style is clear
and the topics are well presented, which makes the understanding
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of the subject approachable even for students coming from ap-
plied sciences. This is a remarkable textbook for a self-contained
introduction to the theory of error-correcting codes and some of
their modern topics.” Reviewer: Marteo Bonint (Trento).

Algorithms on Trees and Graphs (2nd edi-
ton), by |Gasrier. Vaiente?. Texts in Com-
puter Science, Springer 2021, xv+388p.

Cabriel Valiemte

Algorithms The first edition of this book was published by
ggf} rGereasph s Springer in 2002. According to Farizio Luc-
S cio’s assessment in MR1926815, “the author
of the book is a recognized international ex-

éwee  pert on tree algorithms”. The reviewer also

states that the book is “particularly useful for
the explicit implementation of all the algorithms discussed”. As
documented in Appendix C of the second edition, the first edi-
tion has been cited by hundreds of publications (books, papers,
MSc and PhD theses, and also in sixteen US patents), which
show that it has had a remarkable influence on graduate teach-
ing, in research, and in applications. The algorithms in the new
edition are described in a remarkably nitid pseudo-code, with
enough detail “to allow for a straightforward implementation of
the algorithms in any modern programming language”. In fact,
Appendix A offers “proof-of-concept implementations in Python
of all the algorithms”. Altogether, the book amounts to a thor-
oughly revised edition, with several theoretical innovations based
on graph transversal techniques, and also with solutions to all
the exercises (in Appendix B).

et e s i

Algorithmic and Symbolic Combinatorics.
An Invitation to Analytic Combinatorics in
Several Variables

by SrepHEN MeLczer?. Texts & Mono-
graphs in Symbolic Computation, Springer 2021,
xvii+418 p.  “The book contains deep theo-
rems, yes, but it embodies much more: a tu-
torial in computer algebra, expertly conceived
illustrations, and a very rich collection of ex-
amples. Among the examples one finds Kronecker coefficients,
rational period integrals, and models from statistical physics. The
author’s background in lattice walk enumeration keeps the book
grounded in yet another source of compelling examples. As the
title implies, this book succeeds where our own arguably has not,
in making this material inviting. Those taking up the invitation to
ACSV will be expertly guided into beautiful new territory” (from
the Foreword by RosiN PemanTLE and Mark WiLsON).

A!orithmic
and Symbolic
Comb

inatorics

o knatyte {ombiatonc.
abies

Geometry of Deep Learning. A signal pro-
cessing perspective
by Jon ChuL YEY. Mathematics in Industry,

Jang Chad e

volume 37, Springer 2022, xvi+330 p. Geometry
“The focus of this book is to give students a of DEEP
geometric insight that can help them under- _I-eammg

stand deep learning in a unified framework,
and I believe that this is one of the first deep
learning books written from such a perspec-
tive. As this book is based on the materials that I have prepared
for my senior-level undergraduate class, I believe that this book
can be used for one-semester-long senior-level undergraduate and
graduate-level classes. In addition, my class was a code-shared
course for both bioengineering and math students, so that much
of the content of the work is interdisciplinary, which tries to ap-
peal to students in both disciplines” (from the Preface). “The
field of deep learning is interdisciplinary [...] Therefore, collabo-
rative research efforts between mathematics and other fields are
crucial” (from Summary and Outlook).

&) Springse
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Papers

The geometric structure of interfaces and free boundaries, by
JoaQuim SerrA, EMS Magazine 120, June 2021 (Online version?).

From the abstract: “Interfaces are surfaces that separate two re-
gions of space with different physical properties. The understand-
ing of their geometric structure has boosted the development of
Nonlinear Elliptic PDEs during the second half of the 2oth cen-
tury, and continues to do so at the beginning of the 21st.” This
paper vividly delineates the current state of research in the areas
mentioned in the title, with emphasis in the recent fundamental
contributions of the author in joint work with coworkers Alessio
Figalli?, Xavier Cabré¥, Xavier Ros-Oton?, Eleonora Cinti, and
Enrico Valdinoci®.

The paper is divided in three sections and the references in-
clude 43 works. The first section presents background material
on minimal surfaces. The second section deals with “Interfaces
in phase transitions” and culminates by mentioning a key re-
sult published in “On stable solutions for boundary reactions:
A De Giorgi-type result in dimension 4 + 1”, by A. Ficaru and
J. Serra (Inventiones Mathematicae 219 (2020), 153-177), and the
role played by ideas related to nonlocal minimal surfaces obtained
earlier in collaboration with E. Cintt and E. Vaipivoct (Journal of
Differencial Geometry 112 (2019), 447-504). The third section, “The
obstacle problem and Stefan’s problem”, focuses on the main re-
sults in three landmark papers: “On the fine structure of the free
boundary for the classical obstacle problem”, by A. Ficarur and
J. SerrA (Inventiones Mathematicae 215 (2019), 311-366); “Generic
regularity of free boundaries for the obstacle problem”, by A. Fi-
caril, X. Ross-Oton and J. Serra (Publications Mathématiques de
UInstitut des Hautes Etudes Scientifiques 132 (2020), 181-292); and
“The singular set in Stefan’s problem”, by the same three authors
(Preprint?).

Comparing chaotic and random dynamical systems, by Lai-Sanc
Youna. Journal of Mathematical Physics 60 (2019), doi®.

This article expands the ideas presented at the November 24
IMTech Colloquium® by Professor Lai-Sanc Younc? about ran-
dom and chaotic dynamical systems: “This is a slightly expanded
version of the plenary lecture the author gave at the International
Congress on Mathematical Physics 2018 in Montreal, Canada. Re-
ported are some work of the author and collaborators as well as
related results of others on two kinds of dynamical systems: the
first kind is deterministic (in the sense that nothing is left to
chance) but is chaotic and unpredictable, and the second kind
has a stochastic component in addition to a purely deterministic
one. These two kinds of dynamical systems are compared and
contrasted. The main points are that time series of observations
from chaotic deterministic systems obey some of the same prob-
abilistic limit laws as genuinely random stochastic processes, but
random dynamical systems enjoy nicer properties and are tech-
nically more tractable” (Abstract).

A theory of direction selectivity for macaque primary visual cor-
tex, by Locan CHARIKERY, [RoserT SHAPLEYY, MicHarL Hawken,
and Lai-SanG YounGY. Proceeding of the National Academy of Sci-
ences 118 (32), August 2021, doi?.

Lai-SanG Younc (see the previous review) has also done impor-
tant contributions in the field of Theoretical Neuroscience. This
article presents a novel model that explains how the visual sys-
tem performs motion detection: “Motion perception is important
for primates, and direction selectivity (DS), the ability to perceive
the direction a target is moving, is an essential part of motion
perception. Yet no satisfactory mechanistic explanation has been
proposed for the origin of DS in the primate visual cortex up
until now. In this paper, we hypothesize that DS is initiated in
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feed-forward LGN input as a result of the dynamic differences be-
tween the ON and OFF pathways. The mechanisms we propose
are biology based, and our theory explains experimental data for
all spatial and temporal frequencies in visual stimuli. Exploiting
temporal biases in parallel pathways is relevant beyond visual
neuroscience; similar ideas likely apply to other types of neural
signal processing” (Abstract).

On sets defining few ordinary planes
by Siveon BarL. Discrete Computational Geometry 6o/1 (2018),
220-253.

From MR3807355: “This is a wonderfully written, thought-
fully crafted paper. Given that the reader is familiar with the
Sylvester-Gallai theorem, and the recent related work by Green
and Tao on sets defining few ordinary lines, this article is fairly
self-contained. The author employs techniques from different ar-
eas, from graph theory and counting to some algebraic geometry,
and each is given its own space to prevent the ideas from be-
ing muddled together. Also, several very clear figures are given
that enhance the exposition, which could otherwise potentially
become cumbersome and difficult to visualize. The organization
of the various pieces of the argument make the distinct ideas
from the structure theorems easy to digest and potentially adapt
for other purposes. There is also a concise proof of the "eight
associated points theorem” in the appendix” (Reviewed by Sreven
SENGER).

On sets of points with few odd secants
by Siveon Barr and Bence Csajsok. Combinatorics, Probability and
Computing 29/1 (2020), 31-43.

From MR4052926: “In this paper, the authors show the follow-
ing beautiful theorem: Let .S be a set of ¢+2 points in PG(2, q),
g odd. Then the number of lines meeting S in an odd number of
points is at least 2g — ¢ for some constant ¢. A conjecture from
[P. N. Balister et al., ]. Combin. Des. 22 (2014), no. 10, 435-451;
MR3247028] says that the correct constant would be ¢ = 2. The
main idea of the proof is to study the subset T of points of S
lying on one tangent, one 3-secant, and ¢ — 1 bisecants. The
authors manage to show that all but a constant number of the
points of 7" lie on a conic, which eventually also leads to a proof
of the main theorem. In the proof, they use a coordinate-free
version of a ‘Segre-type’ argument, which has been used success-
fully before by the first author when dealing with arcs [S. Ball,
J. Eur. Math. Soc. (JEMS) 14 (2012), no. 3, 733-748; MR2911882;
S. Ball and M. Lavrauw, J. Combin. Theory Ser. A 160 (2018),
261-287; MR3846204]” (Reviewed by Geertrul VAN DE VOORDE).

Noether Networks, meta-learning useful conserved quantities

by Ferran AreT, DviaN DoBLER, ALLAN ZHOU, JosH TANNENBAUM,
Kenyt Kawagucht, CHersea FINN.  Advances in Neural Information
Processing Systems 34 (2021). [pdf?.

“Progress in machine learning stems from a combination of
data availability, computational resources, and an appropriate
encoding of inductive biases. Useful biases often exploit sym-
metries in the prediction problem [..] Automatically discovering
these useful symmetries holds the potential to greatly improve
the performance of ML systems, but still remains a challenge. In
this work, we focus on sequential prediction problems and take
inspiration from Noether’s theorem to reduce the problem of
finding inductive biases to meta-learning useful conserved quan-
tities. We propose Noether Networks: a new type of architecture
where a meta-learned conservation loss is optimized inside the
prediction function. We show, theoretically and experimentally,
that Noether Networks improve prediction quality, providing a
general framework for discovering inductive biases in sequential
problems” (from the Abstract).
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Quotations

Davip GraeBerY Davip WENGROWY (2021)

Once upon a time, the story goes, we were hunter-gatherers, living in a prolonged state of childlike innocence, in tiny bands. These
bands were egalitarian; they could be for the very reason that they were so small. It was only after the ‘Agricultural Revolution’,
and then still more the rise of cities, that this happy condition came to an end, ushering in ‘civilization’ and ‘the state’ - which
also meant the appearance of written literature, science and philosophy, but at the same time, almost everything bad in human life:
patriarchy, standing armies, mass executions and annoying bureaucrats demanding that we spend much of our lives filling in forms.

(The dawn of everything. A new history of humanity", page 16)

RicHarp Feynman? (1955)

Of all its [science’s] many values, the greatest must be the freedom to doubt.

»(Z

(“The Value of Science”?, in Engineering and Science, volume x1x, page 13)

Francis Crick” (1995)

I believe that when the neural basis of consciousness is thoroughly understood this knowledge will suggest answers to two major
questions: What is the general nature of consciousness, so that we can talk sensibly about the nature of consciousness in other
animals, and also in man-made machines, such as computers? What advantage does consciousness give an organism, so that we
can see why it has evolved?

(|The Astonishing Hypothesis: The Scientific Search for the Soul?, Charles Scribner’s Sons, page 252)

Contacts

Editorial Committee of the IMTech Newsletter:

Maria ALserich?  (maria.alberich@upc.edu)

IRENE Arias? (irene.arias@upc.edu)

MarceL Guirpia?  (marcel. guardia@upc.edu)

Gemma Hucuer?  (gemma.huguet@upc.edu)

Jost J. Mufoz?  (j.munoz@upc.edu)

Marc Noy?  (marc.noy@upc.edu)

SeBastIA XamB6? (Coordinator).  (sebastia.xambo@upc.edu)

To contact the NL you can also use newsletter.imtech@upc.edu.

IMTech Newsletter 2, December 2021 25


https://en.wikipedia.org/wiki/David_Graeber
https://en.wikipedia.org/wiki/David_Wengrow
https://en.wikipedia.org/wiki/The_Dawn_of_Everything
https://en.wikipedia.org/wiki/Richard_Feynman
https://calteches.library.caltech.edu/40/2/Science.pdf
https://en.wikipedia.org/wiki/Francis_Crick
https://en.wikipedia.org/wiki/The_Astonishing_Hypothesis
https://www.iri.upc.edu/staff/alberich
https://www.lacan.upc.edu/arias/Site/Home.html
https://web.mat.upc.edu/marcel.guardia/
https://web.mat.upc.edu/gemma.huguet/
https://www.lacan.upc.edu/jose.munoz/
https://sites.google.com/view/marcnoy/
https://mat.upc.edu/en/people/sebastia.xambo/

Alphabetical Index NLoz2

A. Rényi Institute, 18
Acin, A, 6

Agull, ., 5

Alberich, M., 1, 9, 21, 25
Allen-Cahn equation, 5
Alseda, LI, 18

Altair group, 3

Amalfi Analytics, 11, 17
Amari, S.-1., 22

ANIS, 17

Antonio Valle Prize, 5
APIS, 17

Applied Quantum Algorithms, 6

Arandiga, F, 19
Arias, I, 25

Arnaud, M.-C,, 22
Asensio, M. I, 19
ATLAS, 2

Atserias, A., 19
Augusiak, R., 6
Automatic Control, 2
Axenovich, 18

Béttcher, J., 18
Backhausz, A., 18
BAIR, 4

Baldoma, I, 22

Ball, S, 1, 16, 19, 23, 24
Bardolet, J., 7

Bell correlations, 7
Bell nonlocality, 6
Beltrami vector fields, 8
Bifet, A., 1, 23
Birkhduser, 18, 23
Blanco, G, 1, 9
Bollobés, B., 18
Bonacina,l,, 19
Bonadei, F, 20
Bonamy, M., 18
Bonini, M., 23

Bruckner Akademie Orchester, 6,

7
Bruna, J, 1, 4
Buckmire, R., 19

Cabré, X, 5, 10, 24
Cardona, R, 1, 8
CAREER Award, 4
Casals, A, 1, 2
Casanellas, M, 11
Casanellas, M., 18
CELLEX-ICFO-MPQ, 6
CFIS, 4-6

Chacén, T,, 20
CIMS, 4

Cinti, E., 24

Cirac, I, 6, 7

City of Barcelona Prize, 2

CNRS France, 8
Codony, D., 1
Computer Vision, 2
Coulson, M,, 19
COVID-19, 17
Covid-19, 1
CREB-UPC, 2

CRM, 18

Cruz, M,, 19

CUP, 18

Diaz, J., 18

Data analytics, 17
de la Llave, R., 22
de Mier, A., 19
De Philippis, G., 5
Deiterding, R., 19
Delshams, A, 1, 19, 22
DIMATIA, 18
DMAT, 18

Donat, R, 19, 20
Donato, P, 19
Drmota, M., 18

Dundas, B., 1
Dunjko, V., 7
Dvorak, Z., 18
Dvorak, Z., 18
Dynamical Systems Group, 22

Ecole Polytechnique, 4
Ehrenfest Prize, 7
elliptic PDEs, 5

Elsevier, 18

EMBC, 3

EMBS, 2

Emergency Rooms, 17
EMS Magazine, 1, 24
EMS Prize, 5

ENS de Cachan, 4
Erasmus, 5

ERC Starting Grant, 5, 6
Erlangen Program, 4
error-correcting codes, 1, 23
Esperet, L., 18

Espuny, A, 19
ETH, 5

ETH Ziirich, 5
ETSEIB, 2

Eu. Prize in Combinatorics, 18

Euler flows, 8
Euler-Lagrange equation, 5
Eurocomb, 18
Eurocomb’21, 18

EURON, 2

FBBVA, 5
Felipe Navarro, J. C., 10
Felipe, J. C., 1

Felsner, S., 18

Fernandez Sanchez, J., 11
Feynman, R,, 25

FIB, 2

Figalli, A., 24

Flatiron Institute, 4
Fondazione Santa Lucia, 3
Font, F, 19

free boundary problem, 5

G-SCOP, 18

Gomez Méarmol, M. M., 19
Garrote, M., 1, 13

Gavalda, R., 1, 17, 23
Georges Giralt Awards, 3
Giacomini, M., 12

Gilyén, A, 7

GLADS-22, 1, 22

Guardia, M., 25

Guardia, M., 1, 22
Guillén-Gonzélez, F. M., 19
Gyori, E,, 18

Herbera, D., 18
Higueras, I, 19
Holmes, G., 1, 23
Huerta, A., 12
Huguet, G, 1, 22, 25

IAS, 4

ICFO, 6

ICIAM 2019, 19
ICRA, 3
ICREA, 6

1EC, 2, 18, 22
IEEE, 2
Imaginary, 21

Josep Teixidor Prize, 5
Kaloshin, V., 22
Kral', D., 18

Krattenhaler, C., 18
KU Leuven, 9

Lazaro, T., 22

IMTech Newsletter 2, December 2021

LAAS-CNRS, 3
Lancia, M. R, 19
LeCun, Y, 4

Leiden Universit, 6
Leiden University, 7
Lewenstein, M., 6
Libertini, J. M., 19
Llorca, J., 18
Lorentz Institute, 6
Lovasz, L., 1

LSE, 18

Luccio, F, 23
Luna-Laynez, M., 19

M-Seara, T., 22
Maggi, F, 5

Mallat, S., 4
Martin, P, 22
McGill, 18

Medical Robotics, 3
Melczer, S., 23
Mirand, E., 8

MIT, 12, 18

MIT Al Lab, 3

MIT Pres, 23

MOA, 1, 18
Montaner, A., g
Monturiol Medal, 2
Mora, J., 7

MPI of Quantum Optics, 6, 7
Muiioz, ], 25
Muriel, C., 19
Muszkats, P, 19
Myers, T., 19
Mz-Seara, T., 1

Nesetril, J., 18
Nguyen, N. C,, 12
Nirenberg, L., 5

Norin, S., 18
Noy, M, 18, 25
NSE 12

NYU, 4

Olivé, C., 22
Oliveira, M., 19
Oms, C, 1, 9

Ortegdn Gallego, F, 19
Ossona de Méndez, P, 18
Outstanding Paper Award, 4

Pérez-Martinez, C., 19
Pach, ], 18

Pach, P. P, 18

Parés, C., 19
Pellegrini, M., 18
Peraire, J., 12
Perarnau, G, 1, 18, 19
Perkins, W., 18
Pfahringer, B., 1, 23
Pikhurko, O., 18
Pilipczuk, M., 18
Polimi, 3

Postle, L., 18

Puppo, G, 19

Quantum, 6
quantum error-correction, 16

Quantum Information Theory, 6
Quantum Machine Learning, 7

Quantum Singular Value, 7
Quarteroni, A., 20
Quintela, P, 19

RAS, 3

Reeb fields, 8

Ribera, J., 17

Rivas, X,, 1
RobSurgical Systems, 2
Roca, ], 1, n
Ros-Oton, X,, 5, 24

Rozanova-Pierrat, A., 19
RSME, 5

Rué, J, 1

Rué, J., 18

Rubio de Francia Prize, 5
Rucinski, A., 18

Ruffini, M., 17

Sahasrabudhe, J., 18
SARAS, 2

Sarrate, J., 19
Sauerman, L., 18
Sauermann, L., 18
Schneider, K., 19
SCM, 5, 18

Scuola Superiore Sant’Anna, 3
Seara, T., 22

SEMA, 5, 19
Seminara, S. A., 19
Serra, A. 0., 19
Serra, ], 1, 5, 24
Serra, O., 18

SIMA], 19

Simons Foundation, 4
Skau, C., 1
Sklyar,G., 19
Skokan, J., 19
Skoviera, M., 18
Sloan Felowship, 4
SNSF Ambizione, 5
Springer Thesis, 6
Stein, M., 19
Sudakov, B., 19
Surgitrainer, 2

Talenti, G., 5
Tardos, E., 18
Terracini, S., 22
Thomas, R., 18
Tomon, 1., 18
Topro industry, 3
Torner, L., 6
Tosin, A., 19

trit, 2
Troparevsky, M. L, 19
Tura, J., 1, 6
Turing machine, 8

Cambridge, 18
Charles, Prague, 18
Cornell, 18
Helsinki, 10
Memfis, 18
Monash, 18
Strasbourg, 8
Warsaw, 18

Wien, 18

UIC, 18

University of Florence, 5
UPC, 18

SECEEEEcEaeC

Vazquez-Cendon, C., 19
Valdinoci, E., 24
Valiente, G., 23

Velona, V., 1

Vila, J., 1, 12
Villanueva, J., 22

Wotzel, 19
Watanabe, S., 23
Wigderson, A., 1
Wittek, P, 7
Wood, D., 18

Xambo, S., 1, 6, 19, 21, 25

Ye, J. C, 23
Young, L.-S., 20

Zhy, X, 19
Zuyev, A., 19



	NL02-cover
	NL02

