Spring 2024 ECE Technion
Topics in probability and stochastic processes, 049014

Topic: Free boundary problems and probability

Instructor: Rami Atar rami@technion.ac.il

Format: A learning seminar, where students present research papers from the literature.

The course will cover two recent developments at the intersection of free boundary problems
(FBP) and probability.

1. Interacting particle systems whose hydrodynamic limit is given by a FBP. One such model
is the N-Branching Brownian motion, that has been proposed as a model for selection in
population dynamics: Particles perform Brownian motion with branching on the real line,
and the leftmost particle gets removed upon any branching event, so that the population
size is conserved. It was proved in [4] that the hydrodynamic limit is given as a classical
solution to a FBP. Traveling wave solutions are known to exist, whose speed is the subject of
further research. Various other particle system models provide relations to FBP. Our main
reference will be [8]. Other references include [1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12].

2. Probabilistic representation of solutions to the supercooled Stefan problem. The Stefan
problem is a PDE of FBP type, which captures the interaction between two phases of a
material, such as ice and water. The supercooled case corresponds to liquid kept at lower
temperature than ice, causing the liquid to freeze. It is known that the freezing rate may
blow up in finite time. In [13], a probabilistic reformulation of the problem was introduced
that is valid beyond blow up time and makes it possible to define global solutions. The main
reference here is [13]. Other references include [14, 15].

Grade: Based on a talk about a paper, and a critical summary of it.

Time: Sunday, 14:30-16:20.
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Capacity problems in guantum Shannon theory. Communication for teleportation via
noiseless/noisy channels (reminder). LSD Theorem. Degradable channel. Super additivity and
super activation. Decoupling approach. Entanglement distillation. Entanglement-assisted
communication and channel capacity. Limitations of noisy quantum computing. The converse
threshold theorem and quantum capacity (Fawzi et al., 2022).

Learning Outcomes:

1. Having completed the course successfully, the students will understand the
principles of quantum Shannon theory, the information-theoretic description
of communication problems and noisy quantum computing, and different
protocols for the conversion of non-local quantum resources .

2. The students will be familiar with fundamental quantum capacity results in
quantum information theorey and master important analytical methods in this
area.
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Syllabus:

This course will be given in a seminar format. Students will be exposed to recent work on autonomous robotic
systems, with an emphasis on algorithmic aspects in control, planning, and estimation. Theoretical topics
would be considered as well as practical considerations. On the side of theory, we shall review, for instance,
learning-based approaches for planning and control, distributed computation among robots, Markovian
reasoning, and robotic networks. On the practical side, we will consider, e.g., coordination between multiple
robots, autonomous driving, search and rescue, robots in space and underground, and smart mobility. The
student presentations would be based on survey papers from the Annual Review of Control, Robotics, and
Autonomous Systems and central papers in the studied areas.

Learning Outcomes: At the end of the course the students will be able to:

1. Familiarity with research areas, methods, and tools in autonomous systems, with emphasis
on algorithmic foundations of control, planning, and estimation.

2. Develop skills in evaluating and critiquing research papers in robotics and control.

3. Develop presentation skills and apply the assertion-evidence method for presentation

development.
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Foundations of electromagnetic metasurfaces : "22IN3 999N OV

English syllabus:
Intoduction to homogenization: scattering off wire media. Limits: diffraction grating and

impedance surface. Dual-polarization and anisotropy. Generalized sheet transition conditions.

Huygens' metasurfaces. Macroscopic design of metasurfaces. Engineered refraction.

Microscopic design of meta-atoms. Scattering matrices and transmission line model. Omega-

bianisotropic metasurfaces. Nonlocal field transformations. Engineered reflection.

Geometric-phase metasurfaces. Chiral metasurfaces. Polarization control.

Learning Qutcomes:
At the end of the course, the student will know how to

1.

Identify the physical phenomena that allow generation of discontinuities in the
electromagnetic fields via metasurfaces, and how (and when) they lead to
homogenization.

Write the sheet transition conditions of metasurfaces with given polarizability
properties (electric/magnetic/Huygens'/omega/chiral).

Explain the different properties of the various metasurface classes (their interaction
with electromagnetic fields), and the corresponding range of applications.

Design metasurfaces (macroscopically) implementing field transformations that obey
the relevant conservation rules (in particular, for engineered refraction and reflection,
and polarization contorl).

Design meta-atoms (microscopically) using transmission-line model and commercial
solvers

Explain how auxiliary fields may facilitate nonlocal field transformations via
metasurfaces



