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Exploring new inter-disciplinary frontiers in Al




The course was called Physics of Computation. It was exhausting, exhilarating,
and enlightening; the student were amazed, confused and overwhelmed..



C. Mead - Nature Electronics, 2020
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Exploring the genetic heritage of racehorses.
Can anyons explain high-temperature superconductivity?
The impact of Kuwalt’s burning oil wells.

Silicon sees a cat. This retina-on-a-chip
mimics the functions of cells in the human eye.



20 years later....
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Computational modeling of color perception
with biologically plausible spiking neural
networks



PLOS COMPUTATIONAL BIOLOGY

Biological Experimentation




PLOS COMPUTATIONAL BIOLOGY

Explaining Image Reconstruction



PLOS COMPUTATIONAL BIOLOGY

Explaining the “Cube lllusion”



PLOS COMPUTATIONAL BIOLOGY

Explaining Color Assimilation



PLOS COMPUTATIONAL BIOLOGY

Explaining Individual Color Perception



A new field emerged: Neurorobotics
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Adaptive control of a wheelchair 2 frontiers | Frontiers in Neuroscience
mounted robotic arm with

neuromorphically integrated

Velocity readings and Michael Ehrlich't, Yuval Zaidel!, Patrice L. Weiss?3,

Arie Melamed Yekel3, Naomi Gefen3, Lazar Supic* and

online-lea rning Elishai Ezra Tsurt*



IEEE Neuromorphic Adaptive Body Leveling in a
Bi+CAS Bioinspired Hexapod Walking Robot

Michael Ehrlich and Elishai Ezra Tsur
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Building a comwon language

4
V 4
/4 A
/
//‘
i
[
|




Linear learning Combinatorial learning
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... It was exhausting, exhilarating, and enlightening; the student
were amazed, confused and overwhelmed..

Remember?



About me...

B.Sc. Life Sciences

B.A. History, Philosophy
M.Sc. Bioengineering

M.Sc. Computer Science

M.Sc. Clinical Neuropsychology
Ph.D. Bioengineering

PostDoc. Neuroscience

Y 4



Student profile:

e Engineering Degree (Aeronautics and Space, Chemical, Electrical...)
e Bachelor degree in exact sciences (Mathematics, Statistics...)

e Bachelor degree in natural sciences (Biology, Chemistry, Physics...)
e Bachelor degree in Management and Economics

e Bachelor degree in Computer Science

With adequate mathematical background in:
e Calculus

¢ | inear algebra

e Statistics and Probability

Graduated with a high final grade (>80)

We plan a new bootcamp in mathematics for student coming from other disciplines



A Novel Preparation Program for student with varying backgrounds

e [or students with a limited CS background
e Can be completed during the first year

New Courses

Introduction to Computer Science Algorithms
Computer Science in a Nutshell (MOOC via CampusiL)
and Data Analysis

with Python



A New First Course

Mathematics for Machine Learning
- Mandatory for all student - First offering: 2025a - 4 credits

e |[ntroduction

¢ Abstract Linear Algebra

e Analytic Geometry

¢ Matrix Decomposition

e \/ector Calculus

e Probability and Distributions
e Continuous Optimization

¢ \WVhen Models Meet Data



Deep Pive into Machine Learning and Big Data




Core Courses

- Introduction to Machine Learning
¢ | inear models for regression and classification
e Regularization and overfitting
e Support Vector Machines
¢ Decision trees, Random Forests, Bagging, Boosting, Estimation
e Neural Networks
e Cluster Analysis, Maximum Visibility, Bayesian and EM parameters
e Gaussian Mixture Model, Dimension Reduction

* Deep Learning
¢ Building models with PyTorch
¢ Deep Neural Networks
e Convolutional Neural Networks LEARNING
e Recursive Neural Networks FrROM
¢ Transformes
e Natural Language Processing
e Computer Vision
e Generative Models

DATA

A SHORT COURSE




Core Courses

- Big Data Technologies (New Course, offering: 2025b)
¢ |ntroduction to Big Data

'. .
e Distributed Data bases RS @* elastic §g Kafk
M arka.
e Spark and Spark.mi y
o Kafka
e Hadoop
e NoSQL And more...
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- Big Data Algorithms
e Streaming algorithms PostgreSQL
e Sub-linear algorithms
¢ [ ocal and distributed
e algorithms (cluster computin A'%andmap

&P redis
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Disciplinary Courses

Algorithmic Brain-Inspired Digital Humanities
Robotics Computing
Architectures



Seminars and Workshops

Seminars

e First-year participatory seminar in MLBD
(no credits) (2025a)

e Research seminar in MLDB (2026a)

Workshops (2026b)
e Art and Machine Learning

e Machine Learning in the Service of
Humanity



Final Project / Thesis

Research Track Final Project

e 2/3 disciplinary course; waived workshop e Can be performed in groups of 2-3 students
¢ Finished / waived preparatory courses e Academic-industry mentorship

* Mentorship approval from a faculty mentor e \We will strive to have a list of proposed

e |ndividual work projects for students
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Recommended Time-line

Mathematical prep

Introduction to Computer Science and
Data Analysis with Python

Computer Science in a

Nutshell
Algorithms (MOOC)
Mathematics for ML Deep learning
Algorithmic robotics Algorithms for BD
Seminar Research Seminar
Introduction to ML Digital humanities
BD technologies Workshop
Brain-inspired computing
Thesis « >
Prep year Year 1 Year 2
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* Cutoff: 4 years



MLBD or CS?

Bottom line: If you are a Computer Science major, who wants to learn the broader

field of Computer Science (advanced algorithms, theory, verification, graphics, cyber,
geometry, communication networks, Al, ML, etc.) with other computer scientists, go
for the M.Sc program in Computer Science

With seminars and final projects as exceptions, courses can also be taken by CS
students. We hope that the new MLDB program will enhance the course offerings in
the CS program as well

MLDB is a very focused program with limited to non-existent freedom of choice
MLDB-focused research seminars (only open to MLDB students)

A unique and a relatively short preparation program for non-CS majors, which can be
taken during the first year of study

Fellows student from a broader background (engineering, management..)

Unique final project characteristics (as described before)



FAQ

® Span: 2 years (recommended) - 4 year (cutoff)
e Language: Hebrew. Most Learning materials are in English
e Scholarships: currently possible only via funded research groups

e Attendance: only mandatory in the seminar, workshop and as required during the
final project or thesis work

e Delivery: Mostly online (recorded / real time)

e Academic consultancy: via e-mail: elishaiz@openu.ac.il

e Study from abroad: possible
e Individual courses: course are opened only to admitted students

e Diploma Title: pny »21n) M) NN N5 INoMN
M.Sc. Machine Learning and Big Data

® PhD: Research track graduates can carry on to any relevant Ph.D program. The
OpenU currently only offers one PhD program in Education.
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