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Introduction to Distributed Systems, Programming Over Tcp/Ip, Remote Procedure Call,
Group Communication. Distributed File Systems, Distributed Infrastructures: Web, Java Rmi
and Reflection, Corba, Dcom, Enterprise Java, Beans. Concurrency: Synchronization, Mutual
Exclusion, Deadlock (Centralized and Distributed), Multi-Threaded Programming, Atomic
Transactions (Centralized and Distributed), 2P1 and 2Pc Protocols. Mobile Agents and
Frameworks.
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Review Advanced graph algorithms: directed graphs, flow networks, cover and coloring problems.
Decidability and the Halting problem. The classes p and NP classes polynomial reductions NP-
completeness. Dynamic and linear programming Additional advanced aldorithmic techniques.
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Expected teaching benefits:

Acquaintance with advanced graph algorithms, linear programming, reductions among computational
problems, and basic principles of computability and complexity theory.

MNPN
1. Cormen, T.H., Leiserson, C.E., Rivest, R.L. Introduction to Algorithms.3" ed.,
MIT Press, 2010.
s.n. 2309426 — 3" ed., 2010.



s.n. 2232918 — 2™ ed., 2001.
s.n. 2099273 — 1% ed., 1990.
.2008 ,AMINSN MINM .DRMININY N1An .0, )N .2
.2008 /270 —2299723.0.10
1998 /NN — 2196197 NN
3. Sipser, M. Introduction to the Theory of Computation. 2™ ed. Thomson/Course Technology,
2006. s.n. 2270984.
4. Kleinberg, J. Algorithm design. Pearson/Addison-Wesley, 2006.s.n. 2271029
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The Objective of This Course Is to Train Students in a Variety of Topics Which Are Not
Regularly Taught at the Faculty. the Course Will Typically Be Offered During the Summer,
Taught by a Guest Expert. the Course May Be Given in An Intensive Format, Consisting of 14
Lecture Hours Within a Week. Specific Course Topics and Dates Will Be Published According
to Availability of the Appropriate Teachers.
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Will not be given the year

The Objective of This Course Is to Train Students in Variety of Topics Which Are Not
Regularly Taught at the Faculty. the Course Will Typically Be Offered During the Summer,
Taught by a Guest Expert. the Course May Be Given in An Intensive Format, Consisting of 28
Lecture Hours Within Two Weeks. Specific Course Topics and Dates Will Be Published
According to Availability of the Appropriate Teachers.
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English syllabus:



Advanced course in computer networks and internet. App;ication layer:principles, DNS,HTTP and
WEB, P2P and client-server applications. Transport layer: TCP,UDP,flow control, congestion control.
Network layer: Virtual LANs, IP,IPv4 addressing. Routing: principles and

: DY MINSHN
:NPIPOY NIV YNYD DINDN DNP DX TRZIN DONYNN

ANWIAM NP2INN ,MNPITON MIADY) LITVINN NYIL NNPIYN MAIYN DY NMNIPY MMpPN - (1
NNN,0NNN NNNND DOVINA NN HDIY,DINNININ) DINIPIVIIND DI MNIPYN
D3N NN NIV NIND

DYPIVIY) YWYN VNN NPVININRN VI NTIPIN NNIT NIP 1IN DY MINIPY NION (2
(030NN N2
VITVIND NYIA D735 OINPIVIND 1971 571D NMPY 2VIN D> VITIVDN DNPN DY NHXIN DPDI
29552 NMVYPN MNYIL NPEPIDINT DINPIVIND NMINAD DIWITTN D1DID DDA TIND MPNIN
20791 VITVIND

Learning products:

This course includes two goals:

1) Acquire the principles of the upper network layers (application, transport and network). The
principles include protocols, algorithms, performance analysis tools which are based on queuing,
optimization and graph theories.

2) Knowledge of routing principles and flow-control from both theoretical and practical point-of-view.

At the end of the course, the student will have sufficient knowledge on the aforementioned principles
and protocols in the Internet. The student will acquire the basic required tools for developing protocols
and applications for computer networks in general, and for Internet in particular.
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J.F Kurose & Keith.W. Ross, Computer Networking, A Top-Down Approach, Pearson 2010
ml,;nz 3 1Y) XY OTPNN ONP : ©NPN DY 046006

(MTP) 3)

YN 1N XY

VNP HIDN 2N T DY NDIDN IPRY DTPNN MIPNN DINND DXVITIVD NYN NI DNPN NIVH
MYV 28 51952 19170 71P7> DNPNY 191 .NNN NI T DY 1N PN OWTINA DD 7772 Y8 NN
NI MPNIDY TIXY ONNNL DIND YTV DNPN RYN.OMWIY DY G872 H1NIN MYV 14-) RSN
.DONNNN

Will not be given the year

The Objective of This Course Is to Expose Students to An Advanced Topic Which Is Not
Regulary Taught in the Department. the Course Will Typically Be Offered During the Summer
and Taught by a Guest Expert. the Course May Be Given in An Intensive Format, Consisting of
28 Lecture Hours and 14 Tutorial Hours Within Two Weeks. Specific Course Topics and Dates
Will Be Published According to Availability of the Approprate Teachers.
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tMNPN
1. Turro, N.J. Modern Molecular Photochemistry. Univ. Science Books, 1991.
s.n. 2212512.
2. Pope, M., Swenberg, C.E. Electronic Processes in Organic Crystals and Polymers. 2™ ed. Oxford
Univ. Press, 1999. s.n. 2214720.
3. Lampert, M.A., Mark, P. Current Injection in Solids. Academic Press, 1970.
s.n. 2074375.
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Analysis of the M/M/1 Queue. Random Walk, Wiener-Hopf Factorization, G/M/1,M/G/1 and
the Pollaczek-Khintchine Formula.Reversible and Quasi- Reversible Queueing Networks.
Jackson Networks. Kelly Networks. Functional Law of Large Numbers and Functional Central
Limit Theorem. the One- Dimensional Skorohod Map. the Multidimentional Skorohod Map
and Its Uses in Modeling. Fluid and Diffusion Approximation for the G/G/1 Queue. Maximum
of a Busy Period. Tail Behavior. Behavior Under Conditioning to Reach a Given Level.
Diffusion Approximations for Generalized Jackson Networks. Large Deviation Asymptotics.
Rate of Convergence to Equilibrium.
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Topics: the Nervous System. Neurons and Synaptic Transmission. Simplified Models

for Single Neurons. Mathematical Models for Populations of Neurons. Neural
Encoding. Neural Decoding. Memory.
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INTRODUCTION TO ELECTRIC POWER SYSTEMS and SMART GRIDS

Syllabus

THE COURSE PROCIDES AN INTRODUCTION TO ELECTRIC POWERR SYSTENS, SMART GRIDS AND
RENEWABLE ENERGY SOURCES.

THE TOPICS ARE THREE-PHASE CIRCUIT TRANSFORMERS, SYNCHORONOUS GENERATORS,
TRANSMISSION LINES, PHOTOVOLTAIC SOURCES, INTRODUCTION TO POWER ELECTRONICS, POWER
FLOW ALGORITHMS, ECONOMIC OPERATION, AND AN INTRODICTION TO POWER SYSTEM DYNAMICS
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sNPN
1. N. W. Ashcroft and D. Mermin, Solid State Physics, New York: Holt, Rinehart and Winston, 1976
2. C. Kittel, Introduction to Solid state physics, Wiley, 2005
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sNPN
Wenshan Cai & Vladimir Shalaev, Optical Metamaterials: Fundamentals and Applications

(Chapters 6,8-9), Springer, 2009

Stefan A. Maier, Plasmonics: Fundamentals and Applications (Chapters 1-3), Springer, 2007
Grahm T. Reed, Silicon Photonics: State of the Art (Chapters 4,7), Wiley, 2008

Lukas Novotny & Bert Hecht, Principles of Nano-Optics, Cambridge University Press, 2006
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Nano-photonics and optical metamaterials : 5992383 ©99H OV

English syllabus:

Maxwell’s equations in matter; dispersion, material resonance and Kramers-Kronig relations;
evanescent waves; the plasmonic resonance, surface plasmons and plasmonic
resonators\waveguides; introduction to integrated photonics; periodic optical nanostructures and
introduction to metamaterial engineering: effective medium approximation, negative refractive
index and “The Perfect Lens”; super-resolution and nanoscopy; transformation optics with
metamaterials (cloaking).

Learning Outcomes:
The students will learn the design principles of nano-photonic devices for sensing, imaging,
communications etc. In this respect, the students will be acquainted with:
1) The electromagnetic traits of materials, required for nano-photonic devices, and how to
engineer them.
2) Unique electromagnetic phenomena in nano-photonics (such as surface plasmons).
3) Current and future uses for nano-photonic devices.
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The Drude Theory of Metal. the Sommerfeld Theory of Metals. Crystal Lattices. the Reciprocal
Lattice. X-Ray Diffraction. Electron Levels in Periodic Potential. the Semiclassical Model of
Electron Dynamics. Homogeneous Semiconductors. Classical Theory of the Harmonic Crystal.
Quantum Theory of the Harmonic Crystal. Mobility and Electron Scattering Processes.
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.1987 2 7110 — 2034071 0.0

.1982 271 — 14825 0.0

2. Razavi, B. Design of Analog CMOS Integrated Circuits. McGraw-Hill, 2001. s.n.2227194
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1. R. Van De Plassch, CMOS integrated analog-to-digital and digital-to-analog converters,

2" ed. Kluwer Academic Publishers, 2003
2. J.C. Candy, Oversampling Delta-Sigma data converters theory design and simulation,

IEEE Press, 1992.
3. K.R. Laker, Design of analog integrated circuits and systems, MCgraw-Hill Series in

Elect. And Comp. Eng. 1994
4. 1EEE jornal of solid state circuits and Isscc.
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1. Kardontchik, L.E. Introduction to the Design of Transconductor-Capacitor Filters. Kluwer, 1992.
s.n. 2128151.
2. The Circuits and Filters Handbook. Edited by Chen, W.-K. 2™ ed., CRC Press, 2003. s.n. 2281178.
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Sakiviivaialak

G. James, D. Witten, T. Hastie and R. Tibshirani, An Introduction to Statistical
Learning, Springer, 2013.
Y. Abu-Mostafa, M. Magdon-Ismail and H. Lin, Learning from Data: A Short Course,
AMLDbook, 2012.
AN ONTPHN

C. Bishop, Pattern Recognition and Machine Learning, Springer , 2007.

T. Hastie, R. Tibshirani and J. Friedman, 7he Elements of Statistical Learning, 2" Ed.
Springer, 2009.

K. Murphy, Machine Learning: A Probabilistic Perspective, MIT Press, 2012.

R. Duda, P. Hart and D. Stork, Pattern Classification, 2" Ed., Wiley, 2001.

E. Alpaydin, Introduction to Machine Learning, 3' ed., 2014.

S. Shalev-Shwartz and S. Ben David, Understanding Machine Learning, Cambridge,
2014.

1. Mitchell, T.M. Machine Learning. McGraw-Hill, 1997. s.n. 2186354.
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Will not be given the year

Representation of Nonlinear Systems by Differential Equations, Equilibrium States and
Their Stability. State Plane and Describing Function Analysis of Nonlinear Control
Systems. Effect of Nonlinear Elements Such as Coulomb Friction and Relays, Nonlinear
Phenomena Such as Limit Cycles and Sliding Modes. Lyapunov Stability Theory. the



Popov and Circle Stability Criteria. Design of Robust Control Systems by Sliding-Mode
and Lyapunov Control, Application to Robot Control. Introduction to Adaptive Control.
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Gonzalez, R.C., Woods, R.E.Digital Image Processing. 3" ed. Addison-Wesley, 2007.
s.n. 2279936 — 3 ed., 2007
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Porat, B. Digital Processing of Random Signal: Theory and Methods.
Prentice-Hall, 1994. s.n. 2144342.

Kay, Steven M. Fundamentals of Statistical Signal Processing. Vol.1.
Prentice-Hall, 1993-1998. s.n. 2157997.

Papoulis, A. Pillai, S.U. Probability, Random Variables, and Stochastic Processes.
4" ed., McGraw-Hill, 2002.
s.n. 2240547 — 4™ ed., 2002.
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/N g ’,”;‘32 NN Y11 NN MY 046202
(MTIP) 3)

1 DTP MVISPN
104034 'n MN2ANONY XI12N —1,046195 NITD MIIWYN -1,044131 MOIYN MNIN

N
104034 'n MNANONY NI - 1,046195 TMITMD MOIWN —I,044130 MOIYNI MMN

$9993 999t XYY MNP
046193 y711R NMNN MDY

N3y ©1A0

NP9 XD DTND MOLIWY DNINN YT NPON MIRVND X1an

YYD NPT, IVNIS-RDY NMIVNI NTPHN : NHVDOLVLD NPONI MTID

DM DY MYUNI TIDY

LDMMANND NN

DPIARDI-ND MANIN,D»I910 DYDY 2119, 0790 DX2XI7 NN : NPT NTNNY MLV
YT 50599 P2 PIITY PRI TN

D1DUND DPNININ

DNXMN DNV .DININ NPT ,IVP) MNOYW NI

$ N0 MINSHIN
:INON MM VITIVDN ONPN DINA



VTN MNMDA TN NPYA NN INNY .1

YT TINN MYV NPYTI DXIVNID NIIYNY NPVLDIVLLD MLV DY»YY PADNY .2
.DOPANND NNIAY NMPDIDI MVIY DWMDY PI0NY .3

YN NPTHHN NTNND DHNINON OW»D) Paony 4

VP MINIY NNY DNNININ DV PIonY .5

DN DIDURY DINMININ DW»D) PIonY .6

Y92 DN NI MNNIY DIMINON DYMYY Paond .7

Syllabus:

INTRODUCTION TO DATA MINING METHODS AND UNSUPERVISED LEARNING.

REVIEW OF STATISTICAL INFERENCE

PARAMETRIC AND NON-PARAMETRICS ESTIMATION, HYPOTHESIS TESTING.

DATA PREPROCESSING.

FEATURE SELECTION. DIMENSIONALITY REDUCTION: PCA, SVD, NONLINEAR EXTENSIONS.
DSITANCE AND SIMILARITY MEASURES.

CLUSTERING ALGORITHMS.

FREQUWNCY AND ASSOCIATION MINING.

OUTLIER ANALYSIS.

REPRESENTATIVE APPLICATIONS.

Learning outcomes:

UPON COMPLETING THE COURSE, STUDENTS WILL BE ABLE TO:

1. EXPLAIN THE BASIC ISSUES OF DATA ANALYSIS.

2. EXPLAIN AND IMPLEMENT STATISTICAL METHODS FOR PARAMETER ESTIMATION AND HYPOTHESIS
TESTING.

3. EXPLAIN AND IMPLEMENT BASIC APPROACHES FOR FEATURE SELECTION.

4. EXPLAIN AND IMPLEMENT ALGORITHMS FOR DATA DIMENSIONALITY REDUCTION.

5. EXPLAIN AND IMPLEMENT ALGORITHMS FOR FREQUENCY AND CORRELATION.

6. EXPLAIN AND IMPLEMENT ALGORITHMS FOR DATA CLUSTERING.

7. EXPLAIN AND IMPLEMENT ALGORITHMS FOR OUTLIER DETECTION.
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D. Bertsekas, Dynamic Programming and Optimal Control, Vol.1 (3" ed., 2005), Vol. 2 (4" ed., 2012),
Athena Scientific.
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S. Russel and P. Norvig, Artifical Intelligence — A Modern Approach, 3™ ed., Prentice-Hall, 2009.
S. LaValle, Planning Algorithms, Cambridge, 2006.
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Analog Communication Course Overview-Compiled by prof. M Nazarathy

We live in a digital world yet transfer and storage of digital information are performed over analog
media, be they natural or man-made, by means of time-continuous waveforms. Digital signals do not
exist in the physical world — everything is analog. Thus, this course aims well beyond Grandma’s old
AM/FM radio, laying solid foundations for representing analog random processes in the time and
frequency domain and performing linear and nonlinear processing on these signals — providing the
basis for modern communication and measurement techniques in all their forms.

Topics: Linear modulation and detection - AM and DSB modulation formats. Complex
representations of bandpass deterministic and random signals (complex envelope, analytic signal,
Hilbert transform). SSB modulation format and brief intro to VSB. Analysis of the Signal to Noise
Ratio (SNR) of DSB, AM, SSB. Angle modulation, namely PM, FM and its performance in the wake
of channel nonlinearity and noise.
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Learning products:
The course may benefit whoever is interested in a solid base for follow-up studies of digital
communication, signal processing, instrumentation systems — for measurement and medical, radar
systems, etc.. In particular, physicists or EE practitioners of physical electronics who wish to deepen
their understanding of the statistics of noisy signals and modulation of signal will benefit.
The taught topics are expected to stay relevant forever as they are not related to particular analog
technologies (e.g., the theory of phase-noise presented here in the context of FM, is relevant wherever
phase noise arises).

MNPN
1. B.P. Lathi: Modern Digital and Analog Communication Systems 3™ Edition, Oxford University
Press 1998,
2. Carlson, A.B., Crilly, P., Rutledge, J. Communication Systems: An Introduction to Signal and Noise
in Electrical Communication. 5" ed. McGraw-Hill, 2009.
s.n. 2308794 — 5™ ed., 2009.
s.n. 2237756 — 4™ ed., 2002.
s.n. 2004433 - 3" ed., 1986.

3. Additional optional textbooks that lecturer lists , tauc and Schilling , Haykin, Stremler.
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Updated svllabus

Introduction to coding for noisy channels (2 hours)

Linear block codes introduction, with background material in group theory (4 hours)

Syndrome decoding and the standard array (2 hours)

Linear block codes — Hadamard codes for orthogonal signals, performance analysis of coherent
detector, Reed-Muller codes (3 hours)

Convolutional codes: algebraic view, encoders, Viterbi MAP decoding (7 hours)

Performance analysis of convolutional codes under Viterbi decoding (3 hours)

The BCJR algorithm for recursive convolutional codes (2 hours)

Introduction to iterative decoding algorithms for graph codes (3 hours)

Total: 26 hours, consisting of 13 lectures of two hours each
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Learning outcomes:

The objective of the course is to provide the fundamentals upon which modern coded
communication systems are built. Communication systems that use error-correcting codes are
designed for good performance under practical constraints of transmission power, bandwidth,
data-processing delays, and encoding/decoding complexities. The course emphasis is on both
deep fundamental principles of coding, and practical aspects of coding such as code design and

probabilistic performance analysis.
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1. Lin, S., Costello, D.J. Jr. Error Control Coding: Fundamentals and Applications.
2" ed. Prentice-Hall, 2004. s.n. 2258968.
2. Roth, R. M. Introduction to Coding Theory. Cambridge Univ. Press, 2006. s.n. 2274065.

3. Proakis, J.G., Salehi, M. Digital Communications. 5" ed.McGraw — Hill, 2008. s.n. 2296798.
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1. McDonough, R.N., Whalen, A.D. Detection of Signals in Noise. 2™ ed.



Academic Press, 1995. s.n.2175173.
2. Wozencraft, J.M. Principles of Communication Engineering. Wiley, 1965. s.n.215864.
Van Trees, H.L. Detection, Estimation, and Modulation Theory. Part I. Wiley, 1966. s.n.215593.
4. Proakis, J.G., Salehi, M. Digital Communications. 5" ed. McGraw — Hill, 2008.
s.n. 2296798 — 5™ ed., 2008. s.n. 2224766 - 4" ed., 2001.
5. Helstrom, Carl W. Statistical Theory of Signal Detection. 2™ ed. Pergamon, 1968.
s.n. 2021082.
Gallager, Robert G. Principles of Digital Communication. Cambridge, 2008. s.n. 2293750.
7. Lapidoth, Amos. A Foundation in Digital Communication. Cambridge, 2009. s.n. 2307960.
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The course addresses a variety of modern digital transmission techniques and basic signal processing
building blocks in the transmitter and receiver for efficient transfer of digital information.

Topics: Baseband and Passband PAM transmission (pulse-shaping for inter-symbol-interference
cancellation and matched filtering), Orthogonal PAM and OFDM transmission, Spread-spectrum
transmission, Channel equalization of the zero-forcing (ZF) and minimum-mean-square-error (MMSE)
types, Adaptive equalization.
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Learning products:

Communication-theoretic principles for efficient or optimal transfer of digital information and digital
signal processing structures and techniques in the transmitter and receiver which provide the basis for
design and realization of modern communication system. The course is essential to provide overview
of and insight into the principles of the digital communication physical layer for whoever intends to
work in the framework of research on advanced signal processing for communication or in the industry
on transceiver design and software/hardware implementations.
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. Haykin, S. Communication Systems. 4% ed. Wiley, 2001. s.n. 2216160.

2. Proakis, J.G., Salehi, M. Digital Communications. 5" ed. McGraw — Hill, 2008.
s.n. 2296798 — 5™ ed., 2008.
s.n. 2224766 - 4" ed., 2001.

3. Schwartz, M., Bennett, W.R., Stein, S. Communication Systems and Techniques. McGraw-Hill,
1996. s.n. 2208736; s.n. 214780.

4. Barry, J.R., Lee, E.A., Messerschmitt, D. Digital Communication. 3™ ed. Kluwer, 2004.

s.n. 2255010 - 3" ed., 2004. s.n. 2176120 — 2™ ed., 1994.



5. Tse, D., Viswanath, P. Fundamentals of wireless communication. Cambridge University Press,
2005. s.n. 2281019

6. Goldsmith, A. Wireless communications. Cambridge Univ. Press, 2005. s.n. 2290088.

Madhow, U. Fundamentals of digital communication. Cambridge Univ. Press, 2008. s.n.

2297401.
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1. Silberschatz, A., Galvin, P.B., Gagne, G. Operating System Concepts. 7" ed.
Wiley, 2005.
s.n. 2268680 — 7™ ed., 2005.
s.n. 2247572 - 6™ ed., 2003.
s.n. 2179932 - 5™ ed.,1998.
s.n. 2148315 - 4 ed.,1994.
2. Tanenbaum, A.S. Modern Operating Systems. 3™ ed. Prentice-Hall, 2009.
s.n. 2293896 - 3" ed., 2009.
s.n. 2229832 - 2" ed., 2001.
3. The Design and Implementation of the 4.4BSD Operating Systems. Edited by McKusick, M.K.,
Bostic, K., Quanterman, J.S. Addison-Wesley, 1996. s.n.2254981.
4. Bach, M.J. The Design of the UNIX Operating System. Prentice-Hall, 1986. s.n.2019693.
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Dive into Deep Learning, Aston Zhang, Zack C. Lipton, Mu Li, Alex Smola, 2020

Deep Learning with PyTorch, Vishnu Subramanian, Packt, 2018

Deep Learning, lan Goodfellow, Yoshua Bengio, and Aaron Courville, MIT Press, 2016


https://d2l.ai/
https://pytorch.org/deep-learning-with-pytorch
https://www.deeplearningbook.org/
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Deep Learning : 5993383 9990 oW

English syllabus:
We will learn theoretical and practical tools to build, design and analyze deep networks, with an

emphasis on supervised learning. For example, properties and covnergence of gradient desecnt and its
variants, efficient differntiation, multilayer nets (approximation and symmetry), convnets (and
extentions) for visual tasks, training methods and their analysis, networks for serial data, and pre-
training.

Learning OQutcomes:
With the completion of the course, the students:
1. Will be familiar with the main models and common training methods for deep learning.
2. Will be able to code (in Python, using the Pytorch framework) for deep neural network, train it,
and use it.

3. Will be able to understand the considerations required to tune deep networks for achieving good
perfomance, and the relevant theoretical results (when such exist).
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The Course Provides An Introduction to the Kinematics, Dynamics, Planning, and Control of
Robot Manipulators. Kinematics: Homogeneous Transformations, Forward and Inverse
Kinematics, Forward and Inverse Jacobians. Dynamics: Dynamics in Joint Space and
Operational Space. Control: Motion Control, Pid Control, Inverse Dynamics Control, Force
Control. Planning: Trajectory Planning, Motion Planning, Prm, Rrt. Robot Operating System
(Ros).

Learning outcome




The Student Will Learn the Principles for Planning and Controlling the Motion of Robotic
Manipulators, Starting from the Fundamental Kinematic and Dynamic Principles, and Up to
Implementing Control Algorithms on the Robot Operating System (Ros). the Student Will

Implement Motion Planning and Control of a Robot in Simulation.

1.

Robotics

Modelling, Planning and Control

Siciliano, B., Sciavicco, L., Villani, L., Oriolo, G.
Springer

2009

2.

Planning Algorithms
Steven M. LaValle
Cambridge University Press
2006

3.

Modern Robotics: Mechanics, Planning, and Control
Kevin M. Lynch and Frank C. Park

Cambridge University Press

2017

4.

Introduction to robotics : mechanics and control, 3rd edition
Craig, John J.

Upper Saddle River, N.J : Pearson Education

2005
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1. Collin, R.E. Foundations for Microwave Engineering. 2™ ed. IEEE Press, 2001.

s.n. 2268714, s.n.2122625.
2. Pozar, D.M. Microwave Engineering. 3" ed. Wiley, 2005.

s.n. 2258561 — 3" ed., 2005.

s.n. 2189023 — 2™ ed., 1998.
3. Harrington, R.F. Time — Harmonic Electromagnetic Fields. IEEE, 2001.

s.n. 2254992; s.n. 212204-1961.
4. Collin, Robert E. Field Theory of Guided Waves. 2" ed. IEEE Press, 1991.5.n.2100691.
5. Schachter. L. Microwave Lecture Notes. Technion, 2009.

http://webee.technion.ac.il/people/schachter/Teaching/microwaves-locked.p
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Classification into metal

Semiconductor insulator and the hydrogen atom model for dopants.
Charge carrier concentration as function of temperature under equilibrium.
Recombination reprocesses.

The continuity equation and quasi-neutrality .

Quasi fermi levels.

PN junction

Generation recombination currents, and breakdown mechanisms.

Metal semiconductor junction under equilibrium and under bias.

Transient phenomena.
7999 NINSHIN
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Result of learning:

Understanding the physics of semiconductors that govern the operation of electron devices.
Familiarity with the basic assumptions that allow for simulations and calculations of device
physics, and some electrical characterization techniques of electron devices.

tMNPN
1. Pierret, R.E. Advanced Semiconductor Fundamentals. 2" ed. Prentice-Hall, 2003.
s.n. 2248908 - 2" ed., 2003.
s.n. 2067323 — 1% ed., 1987.
2. Streetman, B.G., Banerjee, S. Solid State Electronic Devices. 6™ ed. Prentice-Hall, 2006.
s.n. 2274392 - 6™ ed., 2006.
s.n. 2216624 - 5" ed., 2000.
3. McKelvey, J.P. Solid State and Semiconductor Physics. Krieger, 1984. s.n. 213434, s.n.
2001625.
4. McKelvey, J.P. Solid State Physics for Engineering and Materials Science. Krieger, 1993. s.n.
2229416.
Smith, R.A. Semiconductors. 2™ ed. Cambridge Univ. Press, 1978. s.n. 227995.
6. Sze, S.M. Physics of Semiconductor Devices. 3™ ed. Wiley, 2007.
s.n. 2284483 — 3" ed., 2007.
s.n. 205744 — 2" ed., 1981.
2279420
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Principle of Operation of Heterojunctions and Their Applications: Fast Transistors, Power
Transistors and Lasers. Review of Principle of Operation of Bipolar Transistors.
Heterojunction Bipolar Transistor. Silicon Power Devices. Physics of Impact lonization. New
Semiconductors- Silicon Carbide and Diamond. New Non-Cmos Memory Technologies.
Device Simulation Software.

At the End of the Course, the Student Will:

1.

Get Acquainted with and Understand the Principle of Operation of Current and Emerging

Non Cmos Electron Devices.

2.
3.

Learn How to Use Device Simulation Software.
Understand Physical Phenomena Related to Electron Devices Described.

1.
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Ferry, D.K., Goodnick, S.M. Transport in Nanostructures. Cambridge Univ. Press,1997. s.n.
2204755.
Imry, Y. Introduction to Mesoscopic Physics. 2™ ed., Oxford Univ. Press, 2002.
s.n. 2241028 — 2™ ed., 2002.
s.n. 2183086 — 1% ed., 1997.
Datta S. Electronic Transport in Mesoscopic Systems. Cambridge Univ. Press, 1995. s.n.
2199290.
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Topics: Integrated Cmos Power Applications. Integrated Power Managment Platform Process
Flow. Integrated Passive and Active Power Devices and Principles of Operation: Pin Diode,
Thyristor, Power Bipolar Transistor, Power Mosfet, Ldmos, Demos, Igbt. Basic Power Circuit
Concepts: Boost Buck Converters. ”System on Chip” Power Ic Vs Board Solution. Integrated
Ldmos Devices. the Silicon Limit and Rdson Bvdss Curves. Breaking the Silicon Limit.
Resurf, Field Plates and Superjunctions Integrated Rf Power Failure Mechanisms and Safe
Operating Area. Noise Isoaltion, Latchup Prevention and Esd in Power Management Platforms
Integrated with Analog and Digital Circuits.
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Integrated Circuits — Introduction to VLSI (046237)

This course will provide a solid basis and sufficient knowledge to deal with practical digital circuit of
VLSI systems in state of the art CMOS technologies.

Emphasis is on circuit design aspects of VLSI circuits for use in applications such as micro —
processors, signal processors memories. For example, circuit architectures, sircuit simulations &
optimization, design pitfalls, design trade-offs, design robusteness & reliability, process impact, and
layout.

Attention is also given to important challenges facing digital circuit designers such as the impact of
process technology scaling, submicron effects, interconnect, signal integrity, power consumption,
eiming design complexity and design efficiency. All presented from a practical circuits and system
design perspective.

The course topics include:

VLSI Design — introduction + future prospects.

Scaling, Modeling & Delay models.

CMOS Manufcturing process.

Layout

Circuit Simulations, process variations' Design Flow
Combinatinal Circuits Design — Logic Families

Dynamic Logic

Other high speed logic architectures, both static and dynamic
Optimisation for speed



Low power Design & Voltage Scaling

Timing Concepts Synchronous elements and synchronous design.
Clock & power distribution.

Semiconductor Memories.

tMIPN

1. Weste, N. H. E., Harris, D. F. CMOS VLSI design: a circuits and systems perspective. 3™ ed. Addison

Wesley, 2005.

s.n. 2273032 — 3" ed., 2005.

s.n. 2151035 -2"ed., 1993.
2. Rabaey, Y.Digital Integrated Circuits: A Design Perspective. 2™ ed. Prentice-Hall, 2002.

s.n. 2264129 — 2™ ed., 2002.

s.n. 2207265 — 1% ed., 1996.
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Topics: Hamilton’S Formalism of Classical Physics, Lagrangian and Hamiltonian, Hilbert
Spaces, the Displacement and Momentum Operators, Quantum Dynamics, Harmonic
Oscillator, Angular Momentum, Spin 1/2, Thermal Equilibrium, Time Independent
Perturbation Theory.
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1. A. H. Beck, Statistical mechanics, fluctuations and noise, Edward Arnold Pub., 1976.
2. C. Kittel, Elementary statistical physics, John Wiley & Sons, 1958.
3. F. Reif, Fundamentals of statistical and thermal physics, McGraw-Hill, 1965.
4. F. Mandl, Statistical physics, John Wiley & Sons, 1971.
5. M. Kardar, Staitstical physics of particles, Cambridge University Press, 2007.
6. R. K. Pathria, Statistical mechanics, Elsevier, second edition, 1996.
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Basic Wave Properties (Review). the Approximation of Geometrical Optics: the Luneburg-
Kline Approach. Ray Tracing. Geometrical Theory of Diffraction. Applications at Optical and
Microwave Frequencies. the Approximation of Physical Optics: Scalar and Vector Theories.
the Kirchhof and the Rayleigh-Sommerfeld Assumptions. Spectral Superposition of Plane
Waves. Fraunhofer and Fresnel Diffraction. Beams. the Principles of Fourier Optics and Its
Systems Analogy. Fourier Properties of Thin Lenses. Spatial Filtering. Optical Data
Processing. Holography. Partial Coherence: Basic Principles.
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Optical signal processing: coherent optical fourier transform and imaging. Holograthy and spatial
filtering optical signal processing theory of coherence. Hybrid optical digital systems. Optical
measuring methods and systems: interferometry. Holographic interferometry. Range finder. Optical
gyroscope.

sMNIPN



Shamir, J. Optical Systems and Processes. SPIE Press, 1999. s.n.2203436.
Goodman, J.W. Introduction to Fourier Optics. 3™ ed. Roberts, 2005.

s.n. 2274873 — 3 ed., 2005

s.n. 2164993 — 2" ed., 1996.

s.n. 2648 — 15t ed., 1968.
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Lightwave Propagation in Periodic Structures, Dispersion, Pulse Propagation in Dispersive
Media, Acoustic Optic and Magnetic Optic Effects, Introduction to Nonlinear Optics,
Propagation in Nonlinear Media, Wave and Frequency Mixing, Optical Solitons, Applications
of Nonlinear Optics.
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tMNPN
1. Balanis,C.A. Antenna Theory: Analysis and Design. 3™ ed. Wiley, 2005.

s.n. 2266445 -3 ed., 2005.
s.n. 2172913 2™ ed., 1997.

2. Elliott, R.S., Antenna Theory and Design. Rev.ed. IEEE Press, 2003.
s.n. 2251867 — 2003, s.n. 204233.

3. Kraus, R.S., Marhefka, R.J. Antennas for all Applications. 3™ ed. McGraw-Hill, 2002.
s.n. 2245409 - 3™ ed., 2002.
s.n. 2062883 - 2™ ed., 1988.

4. Stutzman, W.L., Thiele, G.A. Antenna Theory and Design. 2™ ed., Wiley, 1998.
s.n. 2189294 — 2" ed., 1998.
s.n. 2165 — 1%t ed., 1981.

5. Collin, R.E. Antennas and Radiowave Propagation. McGraw-Hill, 1985.
s.n.2011548.
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Advanced Circuits and Architectures with Memristors

English Syllabus

THE COURSE DEALS WITH THE INFLUENCE OF NOVEL TECHNOLOGIES ON SYSTEMS AND
ARCHITECTURES THE COURSE COVERS DIFFERENT TOPICS RELATED TO MEMRISTORS
INCLUDING DEVICE PHYSICS, THEORY AND MODELING.

MEMRISTIVE NON VOLATILE MEMORY IS COVERED, INCLUDING CIRCUIT DESIGN AND
CODING THEORY.

ADDITIONALLY, THE USE OF MEMRISTORS FOR DIFFERENT APPLICATIONS SUCH AS LOGIC
AND ANALOG CIRCUITS, SECURITY, AND NEUROMORPHIC COMPUTING IS COVERED.

THE IMPLICATIONS OF THESE APPLICATIONS ON COMPUTER ARCHITURES ARE DISCUSSED,
INCLUDING FOR NON-VON NEUMANN MECHINES

Learning Outcome

1. UNDERSTANDING THE IMLICATIONS OF TECHNOLOGY ON DIFFERENT SYSTEMS.

2. UNDERSTANDING THD BEHAVIOR OF MEMRISTORS AND PRACTICAL DEVELOPING SKILLS
FOR DEVICE MODELS.

3. PRACTICAL KNOWLEDGE IN CIRCUIT DESIGN WITH MEMRISTORS.

4. UNDERSTANDING THE IMPLICATIONS OF MEMRISTORS ON COMPUTER ARCHITECTURE.

5. UNDERSTANDING STATE-OF-THE-ART RESEARCH RELATED TO MEMRISTORS

Tentative Syllabus

1 Background and theory

2 Device theory

3 Device modeling

4 Device physics and fabrication
5 Memory

6 Memory

7 Logic circuit design

8 Logic in-memory architecture
9 Memory intensive architectures
10 Neuromorphic computing
11 Nonlinear Circuits

12 Information and coding theory
13 Security
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English syllabus:

Language and grammar. The structure of a compiler. Basic parsing technique. Syntax directed
translation. Symbol tables. Runtime and global code optimization.
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Result of Learning:

To teach how compilers translate programs written in programming languages into equivalent
programs written in assembly. Including the different stages, challenges, optimization methods for
efficient use of processors, the use of tools.

As a learning outcome students will be able to build a compiler that translates from C-like languages
with control-flow statements, function calls and more, into equivalent programs of assembly-like or
intermediate languages, run the compiled programs using a designated simulator, as an integral part of
the course

tMNPN
Aho, A.V., Sethi, R, Ullman, J.D. Compilers: Principles, Techniques, and Tolls. 2™ ed. Addison —

Wesley, 2007.
s.n. 2293305 - 2™ ed., 2007.
s.n. 2003115 — 1%t ed., 1986.
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Performance measures and their effect on architecture, performance measurement, hierarchical
memory, virtual memory, memory organization. Processor organization and control for parallel



execution: pipelining, Out Of Order execution, branch prediction and speculative execution, loop
unrolling and software pipelining, superscalar, VLIW, multi- threading, multi- core, Input/Output:
storage and communication subsystems, interrupts. The software - OS boundary.

tMNPN
Hennessy, J.L., Patterson, D.A. Computer Architecture: A Quantitative Approach. 4™ ed., Morgan
Kaufmann, 2006.
s.n. 2285679 - 4" ed., 2006.
s.n. 2243749 — 3" ed., 2003.
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Will not be given the year

Practical Aspects of Microprocessor Design Methodologies and Implementation. Design
Methodologies Such as Guarded Atomic Transactions and Intra Module State Transfers.
Combinational and Pipelined Alus, in Order Pipelined Microarchitectures, Branch Prediction,
and Caches. the Course Will Also Teach the Bluespec High Level Hdl for Implementing and
Synthesizing Hardware.

At the End of the Course the Student Will Be

1. Exposed to Practical Aspects and Problems Arising When Implementing Real Processors.

2. Understand How to Break the Concepts Taught in Introductory Classes and Texbooks Into
Real Working Components.3. Know Concepts in the New Generation of High Level Hardware
Description Languages (Hdls) by Learning the Bluespec System Verilog.
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English syllabus:




The course deals with modern methodologies for constructing softwaare systems. The first
part of the course is devoted to issues that arise in building individual program modules and to
advanced Object Oriented Programming concepts. The second part of the course is concerned
with how to design and implement medium and large programs using sofware engineering
design methodologies.in this part, the concept of design patterns is also introduced. The Java
programming language and the UML language are used in order to exemplify and practice all
the above.
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Result of learning:
On entry you shouls
-Be able to write small programs
-Sets, inductive arguments
On exit you should
-Be able to design and implement large software systems
-Gain deep familiarity with analysis and design methods
-Gain proficiency in UML and design patterns
-Understand software development:Process,Problems,Principles
-Be able to write excellent medium size programs
-Be able to think rigorously about such programs
-Know how to test and document software
-Work effectively as a member of team
-Know something about best practice in industry.

tMNPN
1. Liskov, B., Guttag, J. Program Development in Java: Abstraction, Specification, and Object Oriented

Design. Addison — Wesley, 2001. s.n. 2243117.
2. Design Patterns: Elements of Reusable Object-Oriented Software. Gamma, E. [et al.]. Addison —
Wesley, 1995. s.n.2163845.
3. Campione, M., Walrath, K., Huml. A. The Java Tutorial: a Short Course on the Basics. 3™ ed.,
Addison — Wesley, 2001. s.n.2219314.
4. The Java Tutorial: A Short Course on the Basics. Zakhour, S. et al. Addison-Wesley, 2006. s.n.
2298680.
5. Eckel, B. Thinking in Java. 4™ ed. Prentice-Hall, 2006.
s.n. 2280290 - 4™ ed., 2006
s.n. 2251540 — 34 ed., 2003.
6. Fowler, M. UML Distilled: A Brief Guide to the Standard Object Modeling Language. 3™ ed.,
Addison — Wesley, 2004.
s.n. 2255632 — 3" ed., 2004.
s.n. 2224963 — 2" ed., 2000.
7. Larman, C. Applying UML and Patterns: An lintroduction to Object-Oriented Analysis and Design
and the Unified Process. Prentice-Hall, 2002. s.n. 2247747.
Meyer, B. Object-oriented Software Construction. 2™ ed. Prentice-Hall, 1997. s.n. 2164088.
9. Rumbaugh, J. The Unified Modeling Language Reference Manual. 2™ ed. Addison-
Wesley, 2005. s.n. 2287374.
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Issues on Design of Distributed Systems, and the Principles Underlying Them with An
Emphasis on Fault Tolerance. Focus Will Be Put on Message-Passing Non-Synchronous
System Models. Main Topics: Consensus, Failure-Detectors, Atomic Broadcast, State-
Machine Replication, Group Communication, Quorum and Peer-to-Peersystems.
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1. J. Armstrong, Programing Erlang: Software for a concurrent world, Pragm
atic Bookshelf, 2007.
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Topics: Current Topics in Programming Massively Parallel Processors. a Detailed Outline Will
Be Provided by the Lecturer and the Faculty Committee Prior to the Semester in Which the
Course Is Taught.
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D300 NPPO MINNNI
1. Ebcioglu, Kemal, Erik Altman, Michael Gschwind, and Sumedh Sathaye. "Dynamic binary translation and
optimization." Computers, IEEE Transactions on 50, no. 6 (2001): 529-548.
2. Ung, David, and Cristina Cifuentes. "Machine-adaptable dynamic binary translation." In ACM SIGPLAN
Notices, vol. 35, no. 7, pp. 41-51. ACM, 2000.
3. Nethercote, Nicholas, and Julian Seward. "Valgrind: a framework for heavyweight dynamic binary
instrumentation." In ACM Sigplan notices, vol. 42, no. 6, pp. 89-100. ACM, 2007.
4. Gschwind, Michael, et al. "Dynamic and transparent binary translation."Computer 33.3 (2000): 54-59.
5. Pin manual: https://software.intel.com/sites/landingpage/pintool/docs/71313/Pin/html
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Dynamic Binary Translation and Optimization : 15)NX2 ©MpN OV

Svllabus

The course teaches the main principles of dynamic binary translation and optimization, which
are common in the modern computing world. These include: dynamic vs. static translation,
full vs. partial translation, the dynamic translation cache and its management, hotspot
detection, intermediate representations and code transformation, dynamic code analysis, main
types of binary-level optimization, dynamic profiling.

Learning outcomes:

The students will learn modern methods for dynamic code analysis and optimization. Such
methods are common throughout the software world - from dynamic binary translation in


https://software.intel.com/sites/landingpage/pintool/docs/71313/Pin/html

virtual machines in the cloud and mobile devices, to dynamic optimization in modern,
dynamically compiled programming languages.

The course grade will include the grades for the home assignments, the final project and an
exam.
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CORRECTNESS GUARANTEES FOR SOFTWARE_°2)IN3 9990 oV

English syllabus: 7999 "NV 9912 929109 19,0991 50 1Y

THE COURSE WILL COVER METHODS IN VERIFICATION AND PROGRAM ANALYSIS AND CODE
SYNTHESIS: STATIC ANALYSIS, DATA FLOW ANALYSIS, CONTROL FLOW ANALYSIS,
OPERATIONAL SEMANTICS, ABSTRACT INTERPRETATION AND NUMERICAL DOMAINS,
SMT/SAT SOLVERS, SYMBOLIC EXECUTION, PROGRAM SYNTHESIS, ENUMERATIVE SYNTHESIS,
PROGRAMMING BY EXAMPLE, COUNTEREXAMPLE-GUIDED SYNTHESIS, BIG CODE.

Learning OQutcomes:
THE STUDENT WILL BE ABLE TO:

1. EXPLAIN DIFFERENT METHODS FOR GUARANTEEING CORRECTNESS OF SOFTWARE.
2. UNDERSTAND HOW TO USE THESE METHODS FOR PRACTICAL SOFTWARE SYSTEMS.
3.UNDERSTAND THE PRACTICAL ADVANTAGES AND LIMITATIONS OF THE DIFFERENT
METHODS.
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THE COURSE COVERS CONCEPTUAL AND PRACTICAL ASPECTS PF COMPUTER SYSTEMS WITH
COMPUTATIONAL ACCELERATORS, LIKE GPUS AND FPGAS The course WILL COVER HARDWARE
ARCHITECTURE, PROGRAMMING MODELS, INTERACTION WITH I/O DEVICES, OS AND
PROGRAMMING ABSTRACTIONS, SYSTEM SECURITY IMPLICATIONS AS WELL AS THE DESIGN
AND IMPLEMENTATION OF COMPLETE ACCELERATED SYSTEMS.

LEARNING OUTCOMES:

THE STUDENT LEARN TO:

1. PRACTICAL GPU PROGRAMMING SKILLS.

2. DESIGN AND IMPLEMENTATION OF ACCELERATED SYSTEMS

3. SOFTWARE AND HARDWARE DESIGN OF I/0 ACCELERATORS, SUCH AS HIGH PERFORMANCE
NICS AND NVME STORAGE



4. UNDERSTANDING RESEARCH IN THE FIELD.
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1. Patterson and Hennessy. Computer Architecture: A Quantitative Approach. Chapters 1, 4, 7.

Sixth edition, 2019
2. leffers and Reinders. Intel Xeon Phi Processor High Performance Programming. Second

edition, 2016
3. Kirk and Hwu. Programming Massively Parallel Processors. Third edition, 2017
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High performance parallel computing

English syllabus:
All modern computing systems support parallelism in hardware thru various features. Moreover,

explicit parallel programming to exploit these features for high performance is becoming mainstream.
This course is about software-hardware interaction. It covers hardware design as well as
programming models, patterns and software optimization techniques for high-performance with
multi-core systems, vectorized systems, and recent domain-specific hardware accelerators (e.g.
acceleration of deep-learning inference). Learning is based on quantitative evaluation of
hardware/software performance. The course includes a few significant home assignments in parallel
programming to practice the learned material. Overall weekly load — 6 hours.

Learning Qutcomes:

The student will be able to

e Evaluate computer system architectures through understanding of the trends in computer
architecture from multi-core, GPUs and latest domain specific accelerators.

e Develop software using different parallel programming models, SW optimization techniques
and patterns for efficient parallel HW utilization.
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S MPN
Bishop. Introduction to Computer Security. Addison-Wesley. 2005.
Stinson. Cryptography — Theory and Practice. Chapman & Hall/CRC. Third Edition.
2006.
3. Narayanan, Bonneau, Felten, Miller, Goldfeder. Bitcoin and Cryptocurrency
Technologies. Princeton, 2015.

N —



4. Costan, Victor, and Srinivas Devadas. "Intel SGX Explained." JACR Cryptology ePrint
Archive 2016.086 (2016): 1-118.
5. Papers on recent topics
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Introduction to Cybersecurity : 59583 99790 oV

English syllabus:

Security is a critical element in the design of modern computer systems from servers, to
mobile devices, vehicles, and IoT. This course will provide the basic tools to reason about,
develop, and analyze computer systems security. Topics include: principles (security policies,
threats, vulnerabilities), cryptographic tools (definitions, symmetric-key, public-key,
cryptosystems, DH key-exchange, hash functions), authentication (human, machine),
authorization, privacy (anonymity, differential privacy, web), security with game-theory
(blockchain, proof of work, proof of stake), secure hardware (Trusted execution
environments, e.g., SGX and Trustzone), confinement Problem, information flow, hardware
side-channel attacks and mitigations (cache timing attacks, power channel attacks, speculative
execution attacks, Rowhammer).

Sources:

1. Bishop. Introduction to Computer Security. Addison-Wesley. 2005.

2. Stinson. Cryptography — Theory and Practice. Chapman & Hall/CRC. Third Edition.
2006.

3. Narayanan, Bonneau, Felten, Miller, Goldfeder. Bitcoin and Cryptocurrency
Technologies. Princeton, 2015.

4. Costan, Victor, and Srinivas Devadas. "Intel SGX Explained." JACR Cryptology ePrint
Archive 2016.086 (2016): 1-118.

5. Papers on recent topics

Learning Outcomes:
The student will be able
e Analyze the security of a computer system with various perspectives (vulnerabilities,
authentication, cryptographic tools).
e Design secure systems from a principled approach (considering appropriate threat
models, policies, choosing tools)

Grading:
e 75% exam

e 25% homework
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English syllabus:

Developing a systems-level Mathematical approach to the single neuron as a prototype of complex
Biological systems. Main topics: Dynamical systems in Biology, Introduction to the biophysics of
neurons, axons and dendrites and their analyais as input-output systems in the engineering sense.
The neuron: basic properties of the membrane and its Chemical and Electrical properties -
electrodiffusion and the resting potential. The propagation of signals along passive cables and cell
to cell communication through Chemical synapses. The Hodgkin-Huxley model for cell
excitbability, and simplified mathematical models allowing a detailed analysis of excitability.
Stochastic elements in neurons..
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Result of Learning:

Students who complete the course successfully will be able to:

e Define basic components of the behavior of neuron

e Understand the basic biophysical processes that contribute to the electric potential of the cell
and its dynamics, and to implement this understanding through the mathematical model of
Hodgkin-Huxley

e Analyze qualitatively, yet precisely, nonlinear dynamical systems in two dimensions

e Use nonlinear dynamical tools to analyze one and two dimensional neuronal models

e Understand conceptually and mathematically the elementary random processes that influence
the membrane potential of

tMNPN
1. Koch, C. Biophysics of Computation: Information Processing in Single Neurons.
Oxford Univ. Press, 1999. s.n. 2205816.
2. Dayan, P., Abbott, L.F. Theoretical Neuroscience: Computational and Mathematical Modeling of
Neural Systems. MIT Press, 2001. s.n. 2244343.
3. Izhikevich, E. M. Dynamical Systems in Neuroscience: The Geometry of Excitability and
Bursting. MIT Press, 2007. s.n. 2286471.
4. Weiss, Thomas Ficher. Cellular Biophysics. MIT Press, 1996. s.n.2170375.
5. Strogatz, Steven H. Nonlinear Dynamics and Chaos: With Applications to Physics, Biology,
Chemistry, and Engineering. Addison-Wesley, 1994/ Westview Press, 2000. s.n. 2153149.
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English syllabus:
Introduction to the physical and physiological bases of visual and auditory communication. Structure
and function of the eye and the ear. Physiological mechanisms involved in encoding, processing and
transmitting of sensory signals. Spectral analysis of dynamic signals. Automatic gain control in the
retina. Image representation in the combined frequency-position space. Psychophysical detection laws.
Models for signal processing in the visual system. Image structure and technological aspects
(Computer Vision).

$ NTI9Y NINSIN
:TPNIN NIIYNY YMIND NDON NN
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S PYN DO MIAN
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YODIPN NONY DMNVYPN DN NN vV

Result of learning:

The visual input:

v" Photometry — comprehending the units of measurements and calculating the perceived brightness
of light in the visual system.

v Colorimetry — comprehending the CIE1931 XYZ color space and calculating the visual color
perception.

v" Spatial frequency - comprehending the response of the visual system to spatial frequency and
calculating the perceived threshold.

The eye structure and functioning:

v Comprehending the eye optical system and calculating values concerning the eye lens, visual
impairment and glasses, retinal illumination and size of objects.

Visual system characteristics:

v Comprehending the visual system characteristics and phenomena and calculating values
concerning AGC, response to spatial frequency and perception fields.

Signal representation:

v Comprehending the Hilbert space and propositions concerning orthogonal basis and signal
representation. Calculating the bi-orthonormal basis. Comprehending the spatial-frequency
domain and utilizing the Gabor functions to represent signals in this domain.

Auditory system:

v Comprehending the units of measurements and calculating values concerning acoustics.



v Comprehending the structure and functioning of the auditory system and its characteristics.

tMNPN

Levine, M.D. Vision in Man and Machine. McGraw-Hill, 1985. s.n.2005119.

Marr, D. Vision. Freeman, 1982. s.n.211377.

The Senses. Edited by Barlow, H.B., Mollon, J.D. Cambridge Univ. Press, 1982. s.n.215319.

Willams, C.S., Becklund, O.A. Optics: A Short Course for Engineers & Scientists.

Wiley, 1972. s.n. 2008469.

5. Gregory, RL. Eye and Brain: The Psychology of Seeing. 5" ed. Oxford Univ. Press, 1998. s.n.
2183602.

6. Yost, W.A. Fundamentals of hearing: An Introduction. 4" ed. Academic Press, 2000. s.n.
2232634.

7. Overington, I. Computer Vision: A Unified, Biologically — Inspired Approach. Elsevier, 1992.
s.n. 2152900.
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Will not be given the year
Networks, Line-Card Structure, Comparison Between Network Processors and Alternative

Elements, Packet Processing and Handling Steps, Network Processor Architecture, Traffic
Management, Video Traffic Treatment, Flow Control Implementation.
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tMNPN
1. Agrawal, G.P. Fiber-Optic Communication Systems. 3" ed. Wiley, 2002.
s.n. 2244782 — 3" ed., 2002; s.n. 2270292 - 3" ed. (e-text); s.n. 2186709 — 2™ ed., 1997.
2. Agrawal, G.P. Nonlinear Fiber Optics. 4™ ed. Academic Press, 2007.
s.n. 2289576 — 4" ed., 2007; s.n. 2231878 — 3" ed., 2001.
3. Kazovsky, L.G. Benedetto, S., Willner, A. Optical Fiber Communication Systems.
Artech House, 1996. s.n. 2177314
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Computer Graphics and Its Applications: Input and Interaction, Raster Graphics and Scan
Conversion, Quantization, Image Models and Composition, 2 and 3 Dimensional
Transformations, Curve Representation Hidden Surface Removal, Color Models and
Shading.
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MHNPN
Gallager, R. G. Information Theory and Reliable Communication. Wiley, 1968. s.1.222990.
McEliece, R.J. The Theory of Information and Coding. 2™ ed. Cambridge, 2002.
s .n. 2245321 - 2" ed., 2002; s.n. 1996 — 1t ed., 1977.
3. Cover, T.M., Thomas, J.A. Elements of Information Theory. Wiley, 2006.
s.n. 2287372 - 2" ed., 2006.  s.n. 2114535 — 1% ed., 1991.
4. Csiszar, L., Korner, J. Information Theory: Coding Theorems for Discrete
5. Memoryless Systems. Academic Press, 1981.s.n. 227751.
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Will not be given the year

Arrays and Spatial Filters, Beam Patterns, Uniform Linear Arrays, Array Performance
Measures. Optimum Waveform Estimation (Beamforming), Minimum Variance Distortionless
Response (Mvdr), Linearly Constrained Minimum Variance (Lcmv) Generalized Sidelobe
Cancellers (Gsc), Maximum Snr, Broadband Beamformers. Adaptive Noise Cancellation.
Source Separation and Signal Dereverberation. Source Localization, Direction of Arrival (Doa)
and Time Difference of Arrival (Tdoa) Estimation.



At the End of the Course the Student Will Be Able to

1. Design An Optimum Beamformer for Spatial Filtering in Sensor Arrays.

2. Enhance and Extract Signals Received by Sensor Arrays.

3. Design An Lcmv Filter for Noise Reduction and Dereverberation.

4. Implement An Algorithm for Adaptive Noise Cancellation.

5. Implement An Algorithm for Source Separation and Signal Dereverberation.
6. Estimate Direction of Arrival and Time Difference of Arrival.
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Digital Signal Processing

:NYIIIND ©I2YID
Effects of finite precision in digital filters. Non parametric estimation of power spectrum —
periodograms. Multi — rate signal processing, decimation, interpolation poly — phase and
multi- stage implementations. Dual channel filter banks, tree structured filter banks, uniform
filter banks. Short Time Fourier Transform, Gabor representation. Introduction to wavelets
and multi resolution analysis.

MNPN
1. Mitra, Sanjit K. Digital Signal Processing: a Computer-Based Approach. 3™ ed. McGraw-Hill,
2006.
s.n. 2279543 — 3" ed., 2006; s.n. 2224858 — 2" ed., 2001; s.n. 2206285 — 1% ed., 1998.
2. Proakis, J. G., Manolakis, D. G. Digital Signal Processing. 4™ ed. Prentice-Hall
International, 2007.
s.n. 2280099 — 4™ ed., 2007; s.n. 2169878 — 3" ed., 1996; s.n. 2120537 — 2™ ed., 1992.
Porat,B. A. Course in Digital Signal Processing. Wiley, 1997. s.n.2176340.
4. Burrus, C. S., Gopinath, R.A. Guo, H. Introduction to Wavelets and Wavelet Transforms: A
Primer. Prentice-Hall, 1998. s.n. 2191703.
5. Oppenheim, A.V., Schafer,R. W. Discrete-time Signal Processing. Prentice-Hall, 1999. s.n.
2201420.
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The course is an advanced digital signal processing course. The course provides knowledge in the
following topics:

- Quantization and noise model

- Computation error (fixed point and floating point|) in digital filters.

- Overflow prevention and secure filter stability.

- Non Parametric spectrum estimation — periodograms.

- Multi rate systems, Decimation, interpolation, sampling rate conversion, poly- phase and multi-

stage implementations.

- Dual channel filter banks — QMF,CQF, Bilinear. Tree structure filter bank

- Uniform filter banks

- Short Time Fourier Transforms. Analysis and Syntesis Gabor representation.

- Wavelet analysis, Multi resolution analysis.
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tMNPN
1. R. Szeliski, Computer Vision: Algorithms and applications, Springer, 2010.
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tMNPN
1. Optical and Infrared Detectors. Edited by Keyes, R.J. 2" ed. Springer, 1980. 5.n.203138.



2. Kingston, R.H. Detection of Optical and Infrared Radiation. Springer, 1978. s.n.25928.
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sMNPN

e Bankman, Isaac, ed. Handbook of medical image processing and analysis. 2" edition, Elsevier, 2009.

e Smith, Nadine Barrie, and Andrew Webb. Introduction to Medical Imaging: Physics, Engineering and
Clinical Applications. Cambridge University Press, 2010.

e Milan Sonka, Vaclav Hlavac, Roger Boyle , Image processing, analysis, and machine vision, 3"
edition. Thomson, 2008.
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Will not be given the year

Elements of Laser Physics. Overview of Main Ingredients, Characteristics and Applications of
Semiconductor Lasers. Detailed Analysis of the Interaction of Electromagnetic Fields with
Semiconductors: Radiative and Nonradiative Processes and Gain Mechanisms Under Injection.
Bulk and Quantum Structure Based Lasers. Rate Equations for the Laser. Optical Structures
Embedded in the Semiconductor Laser Resonators, 2D Waveguides, Gain Guiding, Mirrors
and Distributed Periodic Structures Including Coupled Mode Theory. Dynamic Solutions for
Small and Large Signal Modulation: Modulation Bandwidth and Relaxation Oscillations
Resonance, Turn-on Delay, Frequency Chirping, Importance of Transport Effects. the
Caracteristics of Several Types of Lasers.
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tMIPN
1. Hennessy, J. L., Patterson, D. A. Computer Architecture: A Quantitative Approach. 4" ed. Morgan
Kaufmann, 2007; s.n. 2285679 — 4" ed., 2007; s.n. 2243749 — 3" ed., 2003.
2. Hennessy, J. L., Patterson, D.A. Computer Organization and Design: the Hardware/ Software
Interface. 4" ed. Morgan Kaufmann, 2009.
s.n. 2300073 — 4™ ed., 2009. s.n. 2263805 — 3rd ed., 2005.
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Will not be given the year
Transmission-Line Basics, Terminations, Noise in Digital Systems, Power Distribution, Power

Planes, Vias, Clock Distribution, Signaling Conventions in High Speed Systems, Measurement
Techniques, Cad Tools.
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tMNPN

1. Breiman, L. Probability. Addison-Wesley, 1992. s.n.2123815, s.n. 2021002.
2. Wong, E., Hajek, B. Stochastic Processes in Engineering Systems. Springer, 1985.

s.n. 32426.
3. Durrett, R. Probability: Theory and Examples. 3™ ed. Thomson/Brooks/Cole, 2005.

s.n. 2266101 — 3™ ed., 2005.

s.n. 2179948 — 2nd ed., 1996.
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tMNIPN
1) G. De Micheli, "Synthesis and optimization of digital circuits", McGraw-Hill, 2003.

Auxiliary books:
2) G.D. Hachtel and F. Somenzi, “Logic Synthesis and verification algorithms”, Kluwer
academic publishers, 1996.
3) S. H. Gerez, “Algorithms for VLSI design automation”, Wiley, 1999.
4) Leiserson, Charles E., Ronald L. Rivest, and Clifford Stein. Introduction to
algorithms. Ed. Thomas H. Cormen. The MIT press, 2001.
Current literature.
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Passive components. Mos devices in rf. Transmission lines. Smith charts. S-parameters.
Desigh of power gain networks. Stability. Rf cmos amplifier design. Tuned amplifies. Noise
sources. Low noise amplifiers. Non linearities and distortion. Mixer fundamentals. Passive and
active mixers.

tMNPN
1. Lee, T. The design of CMOS Radio-Frequency Integrated Circuits. 2" ed. Cambridge University

Press, 2004. s.n. 2263836.
2. Ellinger, F. Radio Frequency Integrated Circuits And Technologies. 2™ ed. Springer, 2008. s.n.
2298637.
Pozar, D.M. Microwave Engineering. 3™ ed. Wiley, 2005. s.n. 2258561.
4. Davis, W. A., Agarwal, K. Radio Frequency Circuit Design. Wiley, 2001. s.n. 2298638.
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tMNIPN
1) G. De Micheli, "Synthesis and optimization of digital circuits", McGraw-Hill, 2003.

Auxiliary books:
2) G.D. Hachtel and F. Somenzi, “Logic Synthesis and verification algorithms”, Kluwer
academic publishers, 1996.
3) S. H. Gerez, “Algorithms for VLSI design automation”, Wiley, 1999.
4) Leiserson, Charles E., Ronald L. Rivest, and Clifford Stein. Introduction to
algorithms. Ed. Thomas H. Cormen. The MIT press, 2001.
5) Current literature.
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tMNPN
Senturia, S.D. Microsystem Design, Kluwer, 2001. s.n. 2224756.

2. Maluf, N. An Introduction to Microelectromechnical Systems Engineering. Artech House, 2000.
s.n. 2213526.

3. Rebeiz, G.M. RF MEMS: Theory, Design, and Technology. Wiley, 2003. s.n.2254004. s.n.
2270390 (e-text)

4. Madou, M.J. Fundamentals of Microfabrication: the Science of Miniaturization.
2" ed. CRC Press, 2002. s.n. 2239940

5. Santos, H.J. RF MEMS Circuit Design for Wireless. Artech House, 2002. s.n.2253710.
Santos, H. J. Introduction to Microelectromechanical (MEM) Microwave Systems. Artech House,
1999. 5.n.2217323.



(nmv’?j 4 ©NTPNN OINVI 047003
I

YN 1N N

NI .NVDPH HIDN 12N 7Y NDIDN INRY DTPNN MPNHN DINNY DXVITIVD NPYN NN DNPN NIVN
MYV 14 919> i 19190 77 ONPNY 191 NN DN 7Y INI PN OWTINA DD 7172 y8»
LINSIN

LDONNNN NNINT MNNTD TNND ONXNN MNIDID YTVINI ONPN XY DY
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The Objective of This Course Is to Expose Students in a Variety of Topics Which Are Not
Regularly Taught at the Faculty. the Course Will Typically Be Offered During the Summer,
Taught by a Guest Expert. the Course May Be Taught in An Intensive Format, Consisting of 14
Lecture Hours Within a Week Period. Specific Course Topics and Dates Will Be Published
According to the Availability of the Appropriate Teachers.
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Will not be given the year

The Objective of This Course Is to Expose Students in a Variety of Topics Which Are Not
Regularly Taught at the Faculty. the Course Will Typically Be Offered During the Summer,
Taught by a Guest Expert. the Course May Be Taught in An Intensive Format, Consisting of 28
Lecture Hours Within a Two Week Period. Specific Course Topics and Dates Will Be
Published According to Availability of the Appropriate Teacher.
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Will not be given the year

The Objective of This Course Is to Expose Students in a Variety of Topics Which Are Not
Regularly Taught at the Faculty. the Course Will Typically Be Offered During the Summer,
Taught by a Guest Expert. the Course May Be Taught in An Intensive Format, Consisting of 28
Lecture Hours and 14 Tutorial Hours Within a Two Week Period. Specific Course Topics and
Dates Will Be Published According to Availability of the Appropriate Teacher.
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Computational Photography 59383 9990 oY

English syllabus: Computational Photography is an emerging new field created by the

convergence of computer graphics, computer vision and optics. Its role is to overcome the
limitations of traditional cameras and imaging systems by using computational techniques to
capture better and richer information about our world. Applications spread from everyday
photography to all fields of science, from astronomy to microscopy, and in medical imaging.

Topics include: basic imaging and optics, depth of field, defocus and motion deblurring,
computational cameras, compressive imaging, light fields, burst imaging and high dynamic
range, computational illumination, light transport, time of flight cameras.

Grading: Grading is based on attendance, participation and home assignments.

Learning Outcomes: students will get familiar with cutting edge results in the emerging field

of computational photography.
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THE STUDY OF LIGHT-MATTER INTERACTIONS ALLOWS US TO EXPLAIN A WIDE
RANGE OF EFFECTS IN NATURE, WITH IMPORTANT APPLICATIONS AND
FUNDAMENTAL SCENTIFIC QUESTIONS, SOME OF THEM ARE STILL OPEN.

THE COURSE FOCUSES ON TOPICS AT THE FRONTIERS OF RESEARCH IN
QUANTUM OPTICS AND QUANTUM ELECTRODYNAMICS. WE WILL USE THE
MOST GENERAL FORMALISM OF QUANTUM ELECTRODYNAMICS (QED) KNOWN
TODAY: SECOND QUANTIZATION OF THE ELECTROMAGNETIC FIELD USING
THE IMPULSE RESPONSE (GREEN FUNCTION) OF ELECTROMAGNETISM INSIDE A
QUANTUM FORMALISM.

THE COURSE WILL DISCUSS APPLICATIONS OF QED TO DIFFERENT OPTICAL
ENVIRONMENTS, SUCH AS TRANSPARENT LOSSLESS WAVEGUIDES,
PLASMONIC PLATFORMS, AND MATERIALS WITH OPTICAL NONLOCALITY.

WE WILL ANALYZE INTERACTIONS IN SOME OF THE FOLLOWING SYSTEMS:
BOUND ELECTRONS IN ATOMS, AND MOLECULES, AND SOLID-STATE SYSTEMS,
AS WELL AS ARTIFICIAL ATOMS LIKE QUANTUM DOTS AND QUANTUM WELLS.
THE COURSE WILL DISCUSS THE GENERALIZATION OF THE ABOVE THEORIES IN
NEW CONTEXT: USING QED IN STRONG FIELDS TO DEVELOP NEW EFFECTS OF



QUANTUM NONLINEAR OPTICS, WITH APPLICATIONS FOR HIGH HARMONIC
GENERATION AND ATTOSECOND SCIENCE.
WE WILL ALSO STUDY INTERACTIONS OF PHOTONIC QUASIPARTICLES.

SUMMARY LIST OF TOPICS: SECOND QUANTIZATION WITH GENERALIZATIONS
TO THE WIDEST CASE COVERING OPTICAL ENVIRONMENTS (USING GREEN
FUNCTION, HANDLING LOSSES, AND NONLOCALITY) THE FOUNDATIONS OF
MACROSCOPIC QUANTUM ELECTRODYNAMICS, QUANTUM OPTICS IN OPEN
SYSTEMS AND IN TIME-DEPENDENT HAMILTONIANS, LIGHT-MATTER
INTERACTIONS WITH PHOTONIC QUASIPARTICLES, QUANTUM INTERACTIONS
OF FREE ELECTRONS, RENORMALIZATION IN AN OPTICAL ENVIRONMENT AND
IN

TIME-DEPENDENT SYSTEMS, SPONTANEOUS EMISSION WITH CORRECTIONS
BEYOND THE DIPOLE APPROXIMATION, CHERENKOV RADIATION,
ENTANGLEMENT OF FREE ELECTRONS AND PHOTONIC QUASIPARTICLES.

1. THE STUDENT WILL PRACTICE AND APPLY THE FORMALISM OF
MACROSCOPIC QUANTUM ELECTRODYNAMICS

2. THE STUDENT WILL DEVELOP TOOLS OF MACROSCOPIC QUANTUM
ELECTRODYNAMICS FOR RESEARCH PROBLEMS
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1. Datta, S. Electronic Transport in Mesoscopic Systems. Cambridge Univ. Press,
1995. s.n. 2199290

2. Saito, R., Dresselhaus, G., Dresselhaus, M.S., Physical Properties of Carbon
Nanotubes. World Scientific Publishing Company, 1% ed. 1998.

3. Few review papers in the field
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Carbon Nanotubes Graphene and van der Waals Materials NYIINT ONPH OV

English syllabus: 11255 'X¥1) 99133 929107 113,059 50 1y

Band structures of graphene and carbon nanotubes. Electrical transport through 1-dimensional
and 2-dimensional structures. Landauer theory. Schottky barrier.

Quantum dots and Coulomb Blockade. Spin and valley current. Heterostructures based on van
der Waals 2 dimensional materials. Band gap, mobility, and optical properties.

Learning Outcomes:




During the last few years a new research area of 2 dimensional (2D) materials of single atom
width has being developed. These materials belong to a family of materials in which the
coupling within a single layer is strong but between the layers is weak (van-der Waals coupling).
As a results, it is possible to fabricate truly 2D layers and study their physical, electrical,
mechanical, and optical properties.

During this course the student will study about these materials, their characterization methods,
and their applications in research and industry. By the end of the course the student will be
aware to up to date research in this field and be able to understand and analysis advanced results
in this area.
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1. G. Chen, “Nanoscale energy transport and conversion: a parallel treatment of electrons,

molecules, phonons, and photons.” Oxford University Press, 2005.

Ashcroft, Neil W., and N. David Mermin. Solid state physics” (1976).

3. Rohsenow, Warren M., James P. Hartnett, and Young I. Cho. Handbook of heat transfer. Vol. 3.

New York: McGraw-Hill, 1998.

E. Pop, “Energy Dissipation and Transport in Nanoscale Devices,” Nano Research 3, 147, 2010.

G. Wachutka, “Rigorous thermodynamic treatment of heat generation and conduction in

semiconductor device modeling,” IEEE Trans. CAD?9, 1141 (1990)

6. U. Lindefelt, “Heat Generation in Semiconductor Devices,” J. Appl. Phys. 75, 942 (1994)

7. R.Lake, S. Datta, “Energy balance and heat exchange in mesoscopic systems,” Phys. Rev. B46,
4757 (1992)
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Energy Dissipation in Electronic Devices : 592383 999N oW

English syllabus:

We will study the underlying physics of heating in electronics, with emphasis on the device (the
heat source). Scaling effects, interfaces and contacts. Passive and active devices, as wellas
thermally activated devices. We will review device thermometry techniques and implications
of heating on device performance and energy efficiency.

Learning Outcomes:
After the successful completeton of the course:

1. The students will understand the importance of heating in electronic devices and
how it affects device performance.

2. The students will be familiar with the different regimes of power dissipation in
electronic devices.

3. The students will know how to approach problems in device heat disspation and
how to relate the device structure and material properties to power dissipation,
performance, and energy efficiency.

4. The students will know how to perform thermal analysis of the device, including
the development of a basic thermal model.

mn2 /9MN D .1 ©Y2YNN NVTINT OINTPNN BINYI) 048075
(MM 2) NI .0 PVINIYI 19T NI 93290 :RVININD
MININ MIIYNY BAVYNN MNYII

D»)TY DMINNND NPON ,D°IWNN MDIWN S MNP NN ,MIANI DNTPNN DIRYN PIDY DNPN
IN YVDMN NTIY YNIY DIMNYNHN DXVITIVDY DIDID D) WHW DNPN .N¥INMD SV IPIDY DINNA
MNONT

The course will cover advanced topics in design and analysis of computer systems and will
survey recent literature connected to the lecturer's research intrest.

The course will also serve as a basis for students interested in doing a master's or doctoral
thesis
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Randomization+Redundancy for Performance MYIINT ©NPH OV

English syllabus:

The course explores exploitation of randomization and redundancy for improving
performance. Using examples from fields like satellite communication, storage systems and
data-center processing, we learn and analyze schemes while considering performance
measures and examining cost and implications on fault tolerance.

Comprises: lectures, student presentations, discussions, occasional homework, a final paper.

Learning Outcomes:

The student will come to know, understand and internalize the use of randomization and
redundancy to improve system peformance; both formal understanding, developing a feel for
this, and intuition. This method will become part of the student's tool set when attempting to
solve problems, design systems or improve them.
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Solving Classification Problems Using Multi - Layer Neural Networks (Nn) Practical Aspects
of Implementing Nn Systeams, Including Parallel Computing on Multicores and Gpus Program
Optimization and Parallelization for Distributed Systems. Introduction to Machine at the and of
the Course the Students Will Know:

1. Parallel Computing for Multicores and Gpus.

2. Methods for Performance Optimization.
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Topics Will Be Selected from the Following: Communication Channels, Bandwidth Efficient
Modulation and Demodulation Techniques.
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The course will describe advanced topics in integrated optoelectronics and analyze modern devices
and systems for light modulation and detection on-chip. The course will discuss the integration of
novel nanomaterials in optoelectronics to enhance light-matter interaction and will review recent
publications from the lecturer field of expertise.
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Be Concerned with Advanced Topics of Current Interest Which Lie Within the Research
Interests of the Teacher. a Detailed Outline Will Be Provided by the Lecturer and the
Graduate Studies Committee Prior to the Semester in Which the Course Is Given.
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1. High Dimensional Probability: An Introduction with Applications in Data Science, by R.
Vershynin, 2019.

2. High-Dimensional Statistics: A Non-Asymptotic Viewpoint, by M. J. Wainwright 2019.

3. High Dimensional Statistics, Lecture notes by P. Rigollet and J-C. Hutter, 2017.

4. Information-theoretic Methods for High-dimensional Statistics, Lecture notes by Y. Wu
(Yale), 2019.

5. Probability in High Dimension, Lecture notes by R. van Handel (Princeton), 2016.
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Probability in high dimension :51%93383 ©9pH DY

English syllabus: Numerous scientific fields have recently expanded their capabilities thanks
to extensive data collection. The high-dimensional probability methodology enables an
understanding of the fundamental limits of extracting information from such data. The course
will present its elements, and demonstrate its applicability in statistical inference and learning
problems.

Topics:

1. Introduction to probability in high dimension and non-asymptotic statistics.

2. SubGaussian random variables and Hoeffding's inequality. SubExponential random
variables and Bernstein's inequality. Bernstein's conditions. Orlicz spaces.
Applications in estimation and classification problems.

3. Maximal inequalities. Nets, covering and packing numbers. Applications in
unconstrained linear regression and under sparsity assumptions.

4. Concentration of matrix norms. Concentration of sums of independent matrices, and
matrix Bernstein’s inequality. Davis-Kahan inequality. Applications in matrix
estimation, matrix denoising, community detection, and principal component analysis
(PCA).

5. Minimax lower bounds. Basic and tensorization properties of information
divergences. Le-Cam’s two point method and multiple-hypotheses Fano’s method.

6. Gaussian random processes, and Slepain’s comparison inequality. Sudakov-Fernique
comparison and Sudakov minorization.

7. Decoupling and symmetrization. Dudley’s chaining integral and uniform laws of large
numbers. Connections between covering numbers and Vapnik-Chervonenkis



dimension — the lemmas of Sauer-Shelah and Dudley. Generalization bounds in
statistical learning.

Learning Outcomes: The students will be able to formulate, generalize and refine

mathematical models for data-science scenarions, high-dimensional statistics, and statistical
learning. They will be able to utilize tools from high-dimensional probability to analyze them,
and contribute to the forefront of research in these topics. The students will be acquainted with
the unique characataristics of random structers in high dimension.
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e Jain, Prateek, and Purushottam Kar. "Non-convex Optimization for Machine
Learning." Foundations and Trends® in Machine Learning 10.3-4 (2017): 142-363.

e Anandkumar, A., Ge, R., Hsu, D., Kakade, S. M., & Telgarsky, M. (2014). Tensor
decompositions for learning latent variable models. Journal of Machine Learning

Research, 15,2773-2832.

e Bubeck, Sébastien. "Convex Optimization: Algorithms and Complexity." Foundations and

Trends® in Machine Learning8.3-4 (2015): 231-35
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Advanced Optimization Methods for ML :n®aixa op7 2w

English syllabus:

Otimization is a central tool to formalizing and solving Machine Learning and “Big Data” problems.

We will study recent advanced tools in optimization and and demonstrate how to employ these tools in

order to solve problems in statistical learning, optimization and game theory.

Topics:

Topic A: Non-convex Optimization:

-Finding stationary point

-Solving Quasi-convex optimization problems
-Strict-saddle problems in ML

-Solving strict-saddle problems

-Gradient methods with Langevin dynamics

-Tensor decomposition and its use in latent variable models

Topic B: Minimax problems:

-Minimax problems in ML and statistics
-Primal-dual and Mirror-Prox methods
-Sublinear methods using minimax approach
-Advanced methods to solving minimax games

-Primal-dual methods for robust statistics and ML

Topic C: Distributed Learning:

-Synchronous and Asynchronous methods for centralized problems

-Synchronous and Asynchronous methods for de-centralized problems

Learning Qutcomes:
After the successful completion of the course:

1. The students will know advanced techniques and algorithms in optimization, and will

be able to read and understand related papers.

2. The students will be able to design and analyze optimization methods using the tools

that we will study.
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Algorithms for Reinforcement Learning 39NN ©NPH DY
English syllabus:
The course present recent algorithms in the field of reinfrocement learning focusing on topics
in deep reinforcement learning but also on other recent topics.

Learning Outcomes:

1. Learn the most recent algoriths in the field of reinforcment learning
2. Be able to aolve significant engineering problems with reinforcement learning.

Tentative Course plan:

Introduction and Recap

Policy Gradient Methods

Actor Critic Methods and Stochastic Approximation
Deep Learning Intro, Backpropagation

Deep Learning (cont.), ConvNets, BPTT, LSTM
Deep Learning (cont.) and DQN

Concepts in Distributed Systems and Distributed RL
RL for Board Games, Monte Carlo Tree Search
Risk in RL

10. Inverse RL

11. Gaussian Processes in RL

12. Model Based RL

13. Basic PAC Bounds for RL

WO N R W=
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1. A tutorial on conformal prediction. Journal of Machine Learning Research, G. Shafer,
and V. Vovk, 2008.

2. Predictive inference with the jackknife+. R.F. Barber, E. J. Candes, A. Ramdas, and R.
J. Tibshirani, arXiv:1905.02928, 2019.

3. Equality of opportunity in supervised learning. M. Hardt, E. Price, and N. Srebro.
NeurlPS, 2016.

4. Panning for gold: Model-X knockoffs for high dimensional controlled variable
selection. E. J. Candes, Y. Fan, L. Janson, L. Lv. Journal of the Royal Statistical
Society: Series B (Statistical Methodology), 2018.
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Reliability, Equity, and Reproducibility in Modern Machine Learning

English Syllabus:

In this course, we will study methodologies to guarantee the reliability, robustness, equity, and
reproducibility of advanced machine learning systems, such as deep neural nets. We will discuss
recent concerns about modern machine learning algorithms and will tackle these by introducing
flexible tools that are supported by theoretical guarantees. This course will be given as a seminar
and will cover influential papers in the field of data science. We will focus on prediction
uncertainty estimation as well as mitigation of discrimination against minorities. We will also
explore frameworks for multiple hypothesis testing as powerful tools for making new scientific
discoveries and for interpreting complex learning systems.

Learning Outcomes:
1. Familiarize with challenges in using modern machine learning algorithms in high-stakes
applications.



2. Learn flexible methodologies to produce data-driven inferences that can be trusted.
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Robot Learning $IPDIIN ©NPH OV
English syllabus:

A seminar course covering recent research trends in robot learning. The machine learning
concepts include: reinforcement learning, learning from demonstrations, trajectory
optimization, world models and deep generative models, visual perception. The robotics
material cover the basics: kinematics, dynamics, planning, control, and more advanced topics
in robotic manipulation.

Learning Outcomes:

1. Students will understand modern challenges for robotics that can be addressed using machine
learning techniques.
2. Students will be exposed to state of the art research in robot learning.

Tentative Course plan:
14. Introduction and basic concepts in robotics
15. Basic concepts in robotics (kinematics, dynamics, planning, control)
16. Trajectory optimization
17. Reinforcement learning — MDPs, policy gradients, value based methods
18. Reinforcement learning — partially observed MDPs, Bayesian RL
19. Learning from demonstrations — Behavioral cloning, Dagger, inverse RL
20. Generative models, world models
8-13. Student presentations on state of the art papers
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e Tretyakov, S. (2003). Analytical modeling in applied electromagnetics. Boston: Artech
House.

e Balanis, C. A. (2016). Antenna theory: Analysis and design (Fourth edition.).
Hoboken, New Jersey: Wiley.

e Pozar, D. M. (2012). Microwave engineering (4th ed.). Hoboken, N.J.: Wiley.

e Harrington, R. F. (2001). Time-harmonic electromagnetic fields. New York: IEEE
Press.

e Felsen, L. B., & Marcuvitz, N. (2003). Radiation and scattering of waves. Piscataway,
N.J.: IEEE /Wiley-Interscience.
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Foundations of electromagnetic metasurfaces : 51922383 99pH oW

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 Outcomes:
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.

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

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

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

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

6. Explain how auxiliary fields may facilitate nonlocal field transformations via metasurfaces
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Will not be given the year

Over the Past Two Hundred Years Bio-Excitable Systems Have Continually Inspired
Development of Concepts and Theories in the World of Engineering. the Course Is Aimed at
Providing Extensive and Updated Knowledge Pertaining to Physical and Engineering Aspects
of Electrical Excitability in Biological Cells, Within a Physiologically Relevant Outcomes:

1. the Student Will Be Able to Explain the Physical Basis of Bio-Electric Phenomena

2. the Student Will Be Able to Plan Electrophysiological Investigation of Electrical Signals in
Biological Tissues.

3. the Student Will Be Able to Analyze Electrophysiological Data.

4. the Student Will Have the Tools to Formulate Biophysical Models That Capture Key
Features of Bio-Excitability at Several Abstraction Levels.
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Course Addressing Advanced Topics in Architecture, Design and Analysis of Computer
Systems. the Course Will Also Serve as a Basis for Student Interested in Carrying Out Thesis
Research in the Field.
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Introduction to Calculus of Variations. Optimization Problems for Dynamic Systems.
Extension to Multivariate Functions. the Maximum Principle. Dynamic Optimization with Path
Constraints. Optimal Feedback. Singular Problems. the Partial Differential Equations of
Dynamic Programming. Applications and Examples, Including Navigation, Image Analysis
and Finance. Introduction to the Theory of Differential Games. Introduction to Stochastic
Control Theory.
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Introduction to Data Transmission. Bounds on Communication Rates Over Dispersive
Gaussian Channels. Optimum Sequence Estimation Using the Viterbi Algorithm.
Characterization of Intersymbol Interference and Performance Evaluations Using Chernoff
Bounding Techniques. Linear and Decision Feedback Equalization. Recursive Algorithms for
Adjustment of Tap Gains.
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Basic Formalism of the Interaction of Light and Solids. Absorption of Light in Semiconductors

and Metals. Experimental Methods Including Kromer-Kronig Relation. Scattering of Light.
Magnetooptic, Acousto-Optic and Electro-Optic Effects and Devices, Non-Linear Optics.
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Introduction: Statistical Distributions, Power-Spectral Density Theorems, Langevin Equation,
Fluctuation-Dissipation Relation. Fundamental Noise Mechanisms: Thermal Noise (Nyquist) -
Several Proofs, Shot Noise, Generation-Recombination Noise in Semiconductors. Noise in Pn
Junction and Bipolar Transistor - Detailed Models, Equivalent Circuits of Noise, Thermal
Noise in Mos Transistor, Avalanche Noise. General Physical and Mathematical Models for 1/F
Noise in Mosfets, 1/F Noise in Resistors, 1/F Noise in Various Electronic Devices. the Use of
Noise as a Sensitive Probe for Degradation Mechanisms in Electronic Devices, Noise
Spectroscopy of Bulk Levels in Semiconductors. Noise as a Probe for Observing Discrete
Microscopic Events in Mesoscopic Devices (Review). Noise and Linear Systems, Noise Figure,
Measurements Techniques, Methods to Reduce 1/F Noise in Amplifiers.
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Chapter 1: E.H. Nicollian, J.R. Brews, “MOS (Metal Oxide Semiconductor) Physics
and Technology”, Wiley (1982). Chapter 13

Chapter 2: J. Robertson, R. M. Wallace, Mater. Sci. Eng. R Reports 88, 1 (2015).
Chapter 3: R. L. Puurunen, J. Appl. Phys. 97, 121301 (2005)

Chapter 4:
M. Imada, A. Fujimori, and Y. Tokura, Rev. Mod. Phys. 70, 1039 (1998)

J.M.D. Coey, “Magnetism and Magnetic Materials”, Cambridge University Press
(2010)

A .M. Haghiri-Gosnet and J.-P. Renard, J. Phys. D. Appl. Phys. 36, R127 (2003)

Chapter 5:
Y.Y. Pai, A. Tylan-Tyler, P. Irvin, and J. Levy, Reports Prog. Phys. 81, 36503 (2018)

S. Catalano, M. Gibert, V. Bisogni, O.E. Peil, F. He, R. Sutarto, M. Viret, P. Zubko, R.
Scherwitzl, A. Georges, G.A. Sawatzky, T. Schmitt, and J.-M. Triscone, APL Mater. 2,
116110 (2014)

Y. Zhou, S. Ramanathan, “Correlated Electron Materials and Field Effect Transistors

for Logic: A Review”, Critical Reviews in Solid State and Materials Sciences 38, 286
(2013)

Chapter 6:
L.W. Martin, Y.-H. Chu, R. Ramesh, “Advances in the growth and characterization of

magnetic, ferroelectric, and multiferroic oxide thin films”, Mat. Sci. & Eng. R 68, 89
(2010)

Chapter 7:



A.A. Demkov, A.B. Posadas, “Integration of Functional Oxides with Semiconductors”,
Springer, New York City, NY, (2014)
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Oxide Physics and Devices

English syllabus:

The course presents current applications of oxides in microelectronics, focusing on high-k
dielectrics in CMOS technology. The course then address the physics and applications of
functional oxides. The course interweaves aspects of the physics underlying the unique
elecronic properties of the oxides with practical aspects of oxide growth and examples of
integration in electronic devices.

Topics

1. Oxides as insulators in: silicon oxide in microelectronics
2. Oxides as insulators: high-k dielectrics, motivation, physics and technology.
Workfunction engineering in modern devices.
3. Introduction to atomic layer deposition (ALD)
4. Physics and properties of correlated electron perovskite oxides
o Introduction, crystal structure, basic electronic structure
o Physics of Mott insulators, metal-insulator transitions, examples
o Electronic configuration, classifying oxides and spin states
o Concluding example: manganites. Jahn-Teller distortion, introduction to
magnetic phases, the relation between double exchange and colossal
magnetoresistance (CMR).
5. Thin films of correlated electon oxides
o Oxide 2D electron gas (2DEG): properties, three physical models, 2DEG devices
o Using epitaxial strain for engineering the properties of oxides. Physics and
examples.
o Field effect
6. Review of the key methods of oxide epitaxy. Physics and technology.
7. Oxide epitaxy on semiconductors: challenges, solutions and examples of application

Learning Outcomes:
At the end of the course:

1. The student will have a broad perspective on oxides as electronic materials and their
applications in current and future electronic devices.

2. The student will be able to identify the relations between the material properties (atomic
structure, composition) with the electronic structure in several case studies, and explain
their underlying physics.

3. The student will be able to explain the prospects and usefulness of functional oxides in
future electronic devices.
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Electrodynamics of Moving Media. the Momentum-Energy Tensor. Electromagnetic Waves:
Super-Potentials, Transient Wave Propagation in the Presence of Ferromagnetic Materials:
Transient Wave Propagation in the Presence of Superconducting Materials. Superconducting
Lines, Dielectric Lines and Fibers, Screening Problems.
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This Is a Seminar-Like Course Dealing with Advanced Topics, Theoretical and Applied,
Which Are Pertinent to the Generation, Reception Propagation and Scattering of Waves.
Research Topics of the Instructor Will Be Emphasized.
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Wave Propagation in Moving Media, Plane Waves in Anisotropic Media: Plane Waves in
Stratified Media, Transients: Propagation and Diffraction of Transient Fields.
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Model Representations. Guided Waves and the Transmission Line Analogy in Open and
Closed Structures. the Dispersion Relation. Green’S Functions and Their Classification.
Guidance and Radiation Properties of Stratified Structures. Alternative Representations and
Characteristic Green’S Functions. Integration in the Complex Plane: Asymptotic Techniques,
Singular Contributions and Their Geometrical Interpretation. the Geometrical Theory of
Diffraction (Gtd): Edge and Vertex Diffraction, Creeping Waves.
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Basic Concepts in Statistical Estimation. Stochastic Systems Models. the Wiener Filter. State
Estimation in Linear Systems: Kalman Filtering. Smoothing and Prediction. the Extended
Kalman Filter for Non-Linear Systems. Particle Filters. Multiple Model Estimation.
Introduction to Systems Identification. Hidden Markov Models. the Em Algorithm.
Applications to Navigation, Tracking, Signal Processing, Speech Identification, Computer
Vision and Neural Networks.
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1. J. Benesty, I. Cohen and J. Chen, Fundamentals of Signal Enhancement and Array
Signal Processing, Wiley-1EEE Press, Singapore, 2018.
2. H.L.Van Trees, Optimum Array Processing: Part IV of Detection, Estimation, and
Modulation Theory, John Wiley & Sons, Inc., 2002.
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Array Signal Processing and Analysis :$19)383 9990 oW

English syllabus: 4159 )XW 90133 9°91NY 193,099 50 4y
Array signal processing in the time and frequency domains, subspace methods, beamforming,
performance measures, spatial aliasing, delay-and-sum, superdirective, null steering, Minimum
Variance Distortionless Response (MVDR), Linearly Constrained Minimum Variance
(LCMV), Generalized Sidelobe Cancellers (GSC), direction-of-arrival estimation, adaptive
beamforming, differential beamforming, beampattern design.

Learning OQutcomes:
Students who will successfully complete the course will be able to:
1. Implement algorithms for array signal enhancement in the time and frequency
domains.
2. Design and apply optimum beamformers for spatial filtering in sensor arrays.
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An Advanced Course in Signal Processing Which Deals with Research Topics in the Over of
Interest of the Instructor.
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Linear Dynamical Systems: Controllability and Observability, Cannonical Forms, State
Feedback, Pole Placement, Observers and Observer Based Controllers, Realization Theory.
Well Posendness, Internal Stability, Coprime Factorization, Linear Fractional Transformation,
Parameterization of Stabilizing Controllers. H2 Optimal Control: Lqr, Lqg, Ltr, Stability
Margin, Separation Theory. Introduction to Stability Robustness and Hoo Norms.
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THE HFIC LAB IS FOCUSED ON RESEARCH IN INTEGRATED CIRCUITS FOR VARIOUS
APPLICATIONS, AS COMMUNICATION IMAGING AND SENSING.
HFIC PROVIDES A RESEARCH ENVIRONMENT FOR GRADUATE STUDENTS FOR
FUTURE WIRELESS AND WIRELINE COMMUNICATION SYSTEMS ON HIGHLY-
INTEGRATED CMOS IMPLEMENTATIONS INCLUDING AREAS OF INTEREST AS:
RF/MM-WAVE CIRCUITS, ALGORITHMIC AND HIGH SPEED MIXED SIGNAL, RADIO
SYSTEM ARCHITECTURES. THE LAB IS EQUIPPED WITH A MODERN PROBE STATION
TO ENABLE ON WAFER MEASUREMENTS AND A FULL CHARACTERIZATION UP TO
110 GHZ.
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Learning Outcomes: By the end of the HFIC Lab the student will be familiar with the
research environment of integrated circuits for various applications, as communication

imaging and sensing. The student will learn various areas of interest such as: RF/mm-Wave
circuits, Algorithmic and high speed mixed signal, radio system architectures.
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Basics: Four-Dimensional Electrodynamics. Field Equations in Empty Space. Minkowski’S

Equations.
Wave Propagation in Moving Media: the Propagation Vector and Normal Surfaces. Group



Velocity. Refraction. Brewster’S Angle for Moving Media. Total Reflection in Moving Media.
Radiation in Moving Media: the Dyadic Green Function for Moving Media. Radiation from
Receding Dipoles. the Far-Field in Moving Media.

The Doppler Effect: Wave Kinematics in Moving Media.
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1. Reinforcement Learning, Sutton & Barto, MIT Press 2018.
2. Bandit algorithms, Lattimore & Szepesvari, Cambridge University Press 2020.
3. Papers from the current literature



Course title: Exploration and Exploitation in learning systems

Prerequisites: 044202 -Random Signals or similar basic course on random processes.

Autonomous agents operating in a complex environment are required to function under
challenging conditions of uncertainty, resulting from partial, noisy, and delayed information,
from lack of a world model, and system malfunction and form communication bottlenecks. A
possible approach to these difficulties combines exploration and exploitation. Roughly,
exploitation involves utilizing prior knowledge, collected through activity aimed at achieving
required goals, while exploration focuses on searching for modes of operation with potential
future gains. The optimal balance between exploration and exploitation occupies a basic place
in the areas of optimal control and reinforcement learning since the early 1960s, with increasing
importance in recent years. In spite of this, except for restricted cases, there is limited
understanding of how to balance the two. In this course we will characterize this balance in
different learning systems, aiming at the extraction of general principles, opening the door to
the development of effective exploration-exploitation schemes in challenging problems in
machine learning.

Learning outcomes: Understanding the balance between exploration and exploitation in
learning stems; understanding the basic theory for simple systems; designing effective an
exploration-exploitation balance in more complex systems; reading the current literature.

Sources:

1. Reinforcement Learning, Sutton & Barto, MIT Press 2018.
2. Bandit algorithms, Lattimore & Szepesvari, Cambridge University Press 2020.
3. Papers from the current literature
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Advanced Course in Which Current Topics in Computer Communication Networks Will Be
Discussed. the Course Will Also Serve as a Basis for Student Interested in Carrying Out Thesis
Research in the Field. Winter Semester 2017,/2018: System Aspects of Communication
Networks.
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Phenomena and devices based on quantum mechanics- photonics analogies.

English syllabus: 71%°5 'NW 99132 92910 1193 , 0590 50 1y

Quantum mechanics — Shrodinger equation and photonics-electromagnetics — Maxwell
equations, exhibit analogies the pave the way for novel physical effects and related devices.
We will study rigorously those analogies and implications, strting from the Sturm Liouville
equation, wave guiding and quantum wells, riggied Hilbert spaces, nonhermitian quantm
mecanics- electromagnetics, paitiy ime symmetry, causality, reciprocity and topological states.

References: scientific articles

Study resuls:
1. The student will be able to explain and analyze complex related quantum/ photonics systems

2. The student will be able to design devices/ systems based on the analoges of Quntum
mechanics and photonics.

3. The student will have familiarity of the literaure related to devices and phenomena based on
quantum mechanics — photonics analogies.

Grade: 2 sets of homework questionairs.
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1.  Jain AXK.: "Fundamental of Digital Image Processing"” Englewood Cliffs, 1989. rec.
2065704.
2. Rosenfeld, A. and Kak, A.C.: "Digital Picture Processing". Academic .Press, 1976. rec.
2011772, 2nd ed. (1982). rec. 211293.
3. Pratt, W.K.: "Digital Image Processing". 2nd. ed. Wiley, 1991. rec. 217922.
4.  Gonzalez, R.C. and Wintz, P.: "Digital Picture Processing". Addison-Wesley. 1977. rec.
217923, 2nd.ed. 1987. rec. 2032777.
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Course Addressing Advanced Topics in Architecture, Design and Analysis of Computer

Systems. the Course Will Also Serve as a Basis for Student Interested in Carrying Out Thesis
Research in the Field.
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Numerical Geometry of Non-Rigid Shapes, by A M Bronstein, M M Bronstein, R Kimmel, .1

Springer, ISBN: 0387733000

Numerical geometry of images: Theory, Algorithms, and Applications, by R Kimmel Springer .2
ISBN: 0387955623

Differential Geometry of Curves and Surfaces (2nd edition 2016), by M do Carmo, Prentice .3
Hall, ISBN: 0132125897

A Course in Metric Geometry, by D Burago , Y Burago, and S Ivanov .4

AMS

Algebraic Graph Theory, by Chris Godsil and Gordon Royle

Networks: An Introduction, by M. E. J. Newman

Spectral Graph Theory, by Fan Chung

Dan Spielman’s “spectral graph theory” and “networks and graphs” course notes given at Yale

University

Sandryhaila, Aliaksei, and Jos¢é MF Moura. "Discrete signal processing on graphs." IEEE .9
transactions on signal processing 61.7 (2013): 1644-1656.

Shuman, David 1., et al. "The emerging field of signal processing on graphs: Extending high- .10
dimensional data analysis to networks and other irregular domains." /IEEFE signal processing
magazine 30.3 (2013): 83-98.

Y Aflalo, H Brezis, A Bruckstein, R Kimmel, N Sochen. “Best bases for signal spaces.” .11
Comptes Rendus Mathematique 354 (12), 1155-1167

H Brezis, D Gomez-Castro. “Rigidity of optimal bases for signal spaces.” Comptes Rendus .12
Mathematique, 2017, Elsevier
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Geometric Learning

English syllabus:

Geometric learning is a fast-growing field in data analysis, computer vision and computer graphics. Its
roots spread in classical areas such as differential geometry and harmonic analysis, while current
applications involve contemporary topics such as deep learning, dimensionality reduction, and signal
processing on graphs. The main purpose of this course is to introduce the fundamental theory of
geometric learning, with special emphasis put on a unified perspective on both continuous and discrete
analysis, as well as the emerging related applications.

Topics:
Part I - Theory



1. Continuous geometric learning:
1. Differential geometry (curvature, 1% and 2™ fundamental forms)
2. Metric geometry and intrinsic operators (gradient, divergence, Laplacian, geodesic
distances)
3. The Laplace-Beltrami operator (spectral analysis and geometry, heat equation, optimal
basis for signals with bounded Dirichlet energy)
4. Deep learning of geometric structures
2. Discrete geometric learning:
1. The graph Laplacian
2. Random walks and diffusion on graphs
3. Spectral analysis of Laplacians and random walks (Rayleigh quotient, spectral gap,
power method)
4. Discretization (meshing, triangulation, Cotangent Laplacian, farthest point sampling)
3. Analogy between discrete and continuous geometric learning (convergence of Laplacians)

Part II - Applications

1. Signal processing on graphs
Spectral clustering (Fiedler’s vector, Cheeger’s inequality, conductance, NormalizedCut and
RatioCut)

3. Embedding methods, dimensionality reduction, and manifold learning (MDS and (spectral)
variants, ISOMAP, Laplacian eigenmaps, Generalized MDS)

4. Diffusion geometry (discrete and continuous) - diffusion maps, diffusion distance, heat kernel

signature (shape signatures)

Metric learning and deep metric learning

Functional maps

7. PointNet, functional maps net, unsupervised and semi-supervised deep learning of
unstructured (geometric) data.

SANNG

Learning Outcomes:

Each student will be able to: 1. Define fundamental terms in spectral graph theory and differential
geometry; 2. Apply geometric learning techniques to problems in high-dimensional data analysis and
shape analysis; 3. Implement (in MATLAB/Python) algorithms for data embedding and dimensionality
reduction and deep learning.
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Varghese, George. Network Algorithmics. Elsevier, 2005. Narayanan, Arvind



et al. Bitcoin and Cryptocurrency Technologies: A Comprehensive Introduction, 2016.
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Algorithmic Challenges in Computer Networks and Blockchain

English Syllabus:

Design and analysis of algorithms for computer networks and blockchain. Topics: Packet classification, Routing,

Survivability, Topologies, Congestion control and load balancing, Consistent updates, Virtualization and function

assignment, Resource sharing, Data structures and coding methods, ML applications in computer networks.

Fundamentals of blockchain networks. Fairness, Sharding and Off-chain channels. Focus on graph theory tools:
Flow, routing, coloring, clustering and topology design.

Learning Outcomes:

Following the seminar, a student will be familiar with various major challenges in the area of computer networks
and blockchain and will have tools for dealing with such challenges. The student will be able to analyze and
understand the pros and cons of a particular approach. The student will be exposed to tools that can help in the
future with new challenges in the field.
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Advanced Course in Electro-Optics. the Topics Will Be Chosen According to the Interest of the
Instructor.
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In This Course, Advanced Topics in Novel Areas in the the Department Will Be Developed
Under the Individual Supervision of a Staff Member. the Course Is Intended for Students Who
Are in the Initial Phases of Searching for a Research Subject and Do Not Yet Have a Research
Thesis Supervisor. the Course Can Be Taken for One Semester Only in Each of the M.Sc. and
D.Sc Study Programs.

mn2 NAVYNININ NIINI 048873
(MM 2)

LVUN 1N NY

NPIVN .2 .70 DY Y9120 MDY DXINN P2 DXONY NXN N : DININ DONYNA N ONPN
2IVON T .DNIRY MAY NINRN L) .DNIX 1T MAY NNROYM DY MDDINN MVLIVIA NNNPNN
NIOM NPD .7 .DPIN MIMIND , NN MIMARD ,DMIVNINI DIMIND : DININ IV 2)MINN

DINKY DMIVNIVI DMIVNIN DINPYA YINY MY NNINNND YTN-NDN YT NN ) .MM

Will not be given the year

1. Introduction to Image Analysis and Computer Vision.
2. Segmentation and Edge Detection, Region Description and Shape Analysis. Texture.
3. Extraction of 3-D Information from Images by Geometric and Photometric Methods.
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Advanced Course in Which Current Topics in Computer Communication Networks Will Be

Discussed. the Course Will Also Serve as a Basis for Student Interested in Carrying Out
Thesis Research in the Field.
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The Impact of VIsi Technology on Computer Architecture, Computer-Aided Design of Vlsi

Systems, New Architectures for Single and Multiple Processor Systems, Processor Arrays
and Applications, Special-Purpose Architectures, Fault-Tolerance and Yield Issues.
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Survey and Criticism of Recently Published Scientific Papers in the Area of Parallel
Computing Architecture, Focusing on Many Cores. Each Student Will Prepare and Present
Two Seminar Lectures Describing, Comparing and Criticizing Several Papers. Upon
Completion of This Course the Student Will Be Able to:

1. Search and Find Relevant Papers in Current Literature.

2. Study Papers in Critical and Comparative Manners.

3. Form Opinions About Novel Resrarch Questions, Proper Use of Figures and Charts,
Clarity, Comparison to Previous Work, and Defficiencies in Papers.
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The Course Will Survey the Main Technological Developments in Computer Engineering.
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The Course Will Explore Both Cutting Edge and Classic Research in Computer Systems
Design. the Course Will Focus on Both Hardware and Software Components and Their
Interplay. the Students Will Read Analyze and Present Research Papers from the Leading
Venues in the Outcomes: at the End of the Course the Students:

1. Will Be Exposed to Cutting Edge Research Papers in the Field.

2. the Students Will Experience Studying a Research Paper and Presenting It in Class.

3. the Students Will Experience a Critique Read of Research Papers.
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The Class Objective Is to Introduce the Departmental Researchelds Fields to Students Who
Consider a MSc Degree in the Electricalering Engineering Department, and Help Them
Choose Their Own Futureeld. Research Field. Every Week, Two Departmental Faculty
Members Willures Give Short Lectures Overviewing the Topics at the Forefront of Theire
Research Fields. the Lectures Will Be Followed by a Q-a Session with the Lecturers. the
Course Is Intended for Students in the First Year of Their MSc, Before Submitting a
Research Proposal, as Well as Excellent Students in the Last Year of Their BSc.
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The Class Will Introduce Students to the Variety of Research Topics in the Electrical
Engineering Department.
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6. Narayanan, Bonneau, Felten, Miller, Goldfeder, Clark. Bitcoin and Cryptocurrency

Technologies. Princeton. 2016

7. Antonopoulos. Mastering Bitcoin: Unlocking Digital Cryptocurrencies. O'Reilly
Media. 2014
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Blockchain and Cryptocurrency Protocols : 5199093 999N OY

English syllabus:

Sources:
6. Narayanan, Bonneau, Felten, Miller, Goldfeder, Clark. Bitcoin and Cryptocurrency
Technologies. Princeton. 2016

7. Antonopoulos. Mastering Bitcoin: Unlocking Digital Cryptocurrencies. O'Reilly
Media. 2014

8. Recent academic publications

Learning Qutcomes:

Grading:
Dry and wet assignments.
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Machine Learning for Computer Networks

English syllabus:
Advanced course dealing with current research topics in machine learning for computer networks.

The course will cover recent papers in networking and machine-learning conferences.

The topics include machine learning and optimization for a wide range of networking applications,
such as routing, congestion control, packet scheduling, hashing, and Bloom filters.

The course also fits undergrad students who are considering grad studies in networking and in
machine learning.

Learning Qutcomes:

(a) Familiarity with the research approach in machine learning and optimization for computer
networks; (b) Familiarity with the current literature; and (c) Acquisition of scientific presentation
skills.
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1. AI2: Safety and Robustness Certification of Neural Networks with Abstract
Interpretation. Timon Gehr, Matthew Mirman, Dana Drachsler-Cohen, Petar
Tsankov, Swarat Chaudhuri, Martin T. Vechev. IEEE S&P 2018.
2. Certify or Predict: Boosting Certified Robustness with Compositional Architectures.
Mark Niklas Miiller, Mislav Balunovic, Martin Vechev. ICLR 2021.
3. DL2: Training and Querying Neural Networks with Logic. Marc Fischer, Mislav
Balunovic, Dana Drachsler-Cohen, Timon Gehr, Ce Zhang, Martin Vechev. ICML 2019.
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Seminar in Correctness Guarantees for Deep Learning

English Syllabus:
Neural networks have shown tremendous success in many domains. At the same time,
recent years have shown the simplicity in fooling neural networks by adversarial example
attacks. These attacks undermine the reliability of deep learning-based systems. In this
seminar, we will learn about these attacks and how to deal with them. In particular, we will
learn:
- Methods for proving robustness of neural networks to adversarial attacks.
- Training methods that leverage formal methods with the goal of improving the
neural network’s robustness.
- Methods for understanding the robustness behavior of neural networks.
We will focus on practical methods, will study tools that implement them, and learn the
limitations required to make these methods capable of analyzing deep networks. We will
also discuss open research questions. The seminar will cover papers from leading
conferences.

Learning Outcomes:

1. Learning practical methodologies to guarantee correctness of deep networks.

2. Familiarity with the current research challenges in guaranteeing correctness of deep
networks.
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THOY TYN YN ONPNIMIYON NPNANND 1 TIPNNT NPNIANN N YN XYND MOIYNN
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D»VNNNN DOXVPADRNND TN NPTIND NIVIN MYXNNI MIIWN NNVIN DY DMV DOVDN NPNN
DMV NOPNM NN MOLIY MDINNA NI DOV

MO YNNI ,XYND TID TN TXONIY NON MOPNN DY WIdYW DY DNPA N TN WIT
19INI MNTPNNY NMY NN NIPNN MVLIY NN PN2Y DOVITIVDY WANY TYR NPTINY MOIND
RAVIV)a)

DNPN . AMNTPNN NINN NOPNN MPIOV HY DIVWYNN DM1VININNN DX TTXN NN PIADNY DNPN NIVN
NVPY IN 1997 XD DXV XY DININVY 1IN 1IWNND MW NN DY DMIDTY DIYNNNI D) P20y
NOIWNN NNMIND DY YAUND IX YN NOWD 0Dy TINND

TIPONNI PON DMINHD DOVNMN TIVOY IPID

MNPN

Textbooks
— Paar C, Pelzl J. Understanding cryptography: a textbook for students and
practitioners. Springer Science & Business Media; 2009 Nov 27. Debdeep
Mukhopadhyay and Rajat Subhra Chakraborty: “Hardware Security:
Design, Threats, and Safeguards”, 2014

— Mukhopadhyay D, Chakraborty RS. Hardware security: Design, threats, and
safeguards. CRC Press; 2014 Oct 29.

— Bhunia S, Tehranipoor M. Hardware security: a hands-on learning approach.
Morgan Kaufmann; 2018 Oct 30.

— Papers

$N1919Y NINSIN

;A0 TN PN TYR MOIYNN MTID N21D NMIYIRMD NNIDN NN MVITIVON PAN DNPN NO2
19INT ONIN D¥IY TN AWNHD MDIYN PINND YD YT TUR DIPPN NININD SYNNIN DN NN
PN OINIVA VIDYY DN NOPNN MOLOY VYN 19N HIIND DXVITIVDY IWINY DNPN >IVIIN
NN NPND ONHNWN TTYD T52) DINN IPNNT NN DINNMIN DMIDTY IPNN INWVID QUMD

SNVPYTIN AVDNN NTIAY NNDNA DINNN

$128P 2999

MYYN NTIAY 1NN NNX MNSY 12 MY 2-3 -- 60%
DNPN 9GP0 NIRNNN MOP NIPNN NTIAY + NIINNIPND NIRNIN -- 40%

NYHAIND DNPN Bw

Hardware Security — from theory to practice

English syllabus:

The course focuses on Hardware methods for building secure system and of attacking them.
A special emphasus is given to “side channel attacks”; we will learn the theory of uing such
attachs as well as experiencing how these methods work, using a dedicated education Kkits.
The course will also cover recent research results of protecting advanced sysems as well as
attacking them. We will cover the following subjects:

| | Class | Tirgul | Homework | comments
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1 Introduction Basics of Statistics
2 Cryptography — Galua fields and | Implementation of
basic notations | Polynomial calculations AES
3 Side Channel | How to measure timing
attacks -- timing (and performance
and SPA attacks counters at runtime
4 DPA + DPA of AES Synthetic DPA
countermeasures attack
5 Template attacks Noise
6 Fault Injection Example DPA onreal- | Based on traces that we will
systems provide
7 Architecture Cache structure
related attacks
8 Memory related Rehash Verilog Cache attack on
issues real system
9 Hardware Trojan | Hardware development
10 Reverse HAL tool Simple example | HAL is a tool that “convert”
Engineering and on HAL (and | Verilog to graphs and allow
Hardware maybe Dana) | doing reverse engineering to
Security that graph
11 Al and Graph Dana Dana is a plug-in to HAL
similarities and that uses finding “structures”
reverse such as registers out of
engineering netlist
12 PUFs and TRNG countermeasures | Selection of final I think that for this kind of
project | courses, it is better to give a
final project to replace the
final example
13 Secure boot and Summary
system
046xxx Hands-on Hardware Security --- Course proposal

Prof. Avi Medelson

Since other courses in the department are already covering different aspects of system level
of security, this course aims to focus the hardware design and implementation level.

I built the course as an hands-on course so I think that a final project will serve the purpose
of the course better, although a final test (40-50%) is possible

Learning Outcomes:
The main goal of the course is to teach the students and to allow them hands-on experience
of

What is Hardware security and why it is needed.

The use of side channel attacks and how to protect against it

The best known methods of implementing Hardware security technique
The use of existing means; e,g., SGX (Intel), TrustZone (ARM)

The course also aims to motivate students to do research in this important area

mn2
(MM 2)

1 NP9V PYNIIPN2 DINTINHN BINYI 048903

73U 1N NY
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N I0DND .NXINN NN DY ,NPINIVPINIIPIND DINTPNN DIXRWI) 1IYY DNPN NNDNI
DPINIVPONITIDIND TIONIVSPND MSHNN : NV
Will not be given the year

The Course Will Include Advanced Topics in Microelectronics, According to the
Instructor’S Choice.

mn2 OYINIYI NPINIT-RT NPIVIIN 048905
(MM 2)

MIVN 1N XY

230 MNXNYM) D) MOLVANN (PNPDITPN NNON IPOYI) DMINDD KD NPYDVIDIDY VP
NINOT DINON TPYA .NPIVAINI TN MM MY IININ-NWY ,OINODY XD THN MITINND
NI IO OINDY,DMVAIN VIVPINY TN IJODIPRN DIVPOND PNISY TIPM ,DINY NININD
DOV, D231 DMVAIN DIDD ,9) YNNI NPIRID-IN,D»IVNII TPEDIDINY NN ,(DINIIND)
.DMITH2Y NI SNV NPINA NIVINIY YININ TION NPVIN DY

Will not be given the year

Nonlinear Susceptibility and Polarization, Wave Propagation in Nonlinear Media, Coupled
Wave Equations, Second and Higher Harmonics Generation in Optics, the Problem and
Solutions of Phase Matching, Self-Focusing the Acousto, Magneto and Electro-Optic
Effects, Raman and Brilloin Stimulated Scattering, Parametric Amplification and
Oscillation, Nonlinearities in Wave Guides, Fibers and Lasers. Basic Concepts of Phase
Conjugate Optics and Its Applications in Correction of Phase Distortion and in Lasers.

mo,n2 5039 .N N7 NNV N'VDINT NPPVAIN 048907
(M1 2) NI~V

TPOINT NPIVAN : IRIPN 293y OV

*

1 D9P MYIIT
NI MYIIT/9013 2921 NOT MMNPIN/NNT WISPN/OTD MN8N
NPYLIN 114210

N

TPNRIDI-PA NPINVIN NPIVNIN MTID® 336533

N

N9 MOIWN O9) 044246

(11995 IRV 90193 950INY 1193 , 09991 50 1¥) N9y VIS0

MIVARND TUN NPIDTY MOLIYW NPDN NHPPIT NN MOYOINN YW D1YPPD29N MTIDN DX VY DNPN
12 PY MYPO NPSINHIV NMNDT MVIY Y POV N WITH .MNY PRIY MIPOI Y09IN MT
NI TPNYPAN ONINNA IPOYA DMITY DMWY NP> DNPN . PVITNY YDIN*T 7NN

1 DINYI) NIDIWA
DNVP OPIPYPNN NN NV (1
PN YD) OO : NNPIL DX MNTPNN (2

VNN MNPTH NPYLDYI MY (3
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YONN MNMTI NPT MOV (4

YONN MNYTI MIANVN MYV (5

sMNPN

L. V. Wang, "Biomedical optics: Principles and imaging," Wiley-Interscience (May
29, 2007).

A. Mandelis, "Diffusion-wave fields: Mathematical methods and green functions,"
Springer (June 27, 2001).

J. R. Lorenzo, "Principles of Diffuse Light Propagation: Light Propagation in Tissues
with Applications in Biology and Medicine," World Scientific Publishing Company;
1 edition (March 26, 2012).

A. Rosenthal et al., “Acoustic inversion in optoacoustic tomography: a review,”
Current Medical Imaging Reviews, Vol. 9, 2013.

P. Mohajerani, et al., “Optical and optoacoustic model-based tomography: theory and
current challenges for deep tissue imaging of optical contrast,” IEEE Signal
Processing Magazine, Vol. 32, 2015.

$N1919Y NINSIN
YT VITIVON ONPN DO

197772 NN MLYANN DY DMOPIDN NINIPYN NN .1
.DINNA DININN DMINNN DPVIDIND DHTIN .2
.DYDTANN NPHN DX PADND DOV MNYN NMNXTN MOLIY SY MNIONM MNINH NN NMY .3

NYIINA ©NPH DY

Diffuse optics and its application in biomedical imaging

English syllabus:

The course will present the foundations of light propagation in tissue and review current optical
imaging techniques which enable tissue visualization at several scales of depth. Special attention will
be given to tomographic approaches for imaging depths in which light is completely diffusive. The
course will review current applications of diffuse light mostly in the fields of biology and medicine.

Specific topics:

1y
2)
3)
4)
)

Light scattering by small particles

Light propagation in biological tissue: Models and simulation tools
Baslistic techniques in optical imaging

Diffusive techniques in optical imaging

Hybrid techniques in optical imaging
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Learning Qutcomes:

At the end of the course the students will be

1. familiar with the physical underpinnings of light propagation in biological tissue

2. familiar with the analytical and numerical techniques used in the field.

3.capable of analyze the advantages and disadvantages of the various imaging techniques
and will know how to the origin of the differents .

n2 2 NPINIVPINIIPNA DINTPNN DINYI) 048908
(MM 2)

NIV 1N NY

N 0DND .N¥INN NN 299 ,NPPNIVPINIPINI DINTPNN DINYN 11IYY DNPN NHONI
.DIPNM 19N NNNN MIYHN : NIYYN

.DIPNNY NPIPVON MXINNN : VIYYN 12 TOOND

.DOTN YT OHXI-IT IR MIDINY 1973, 19N NPNVY : §7WN 12 JODND

Will not be given the year

The Course Will Include Advanced Topics in Microelectronics, According to the
Instructor’S Choice.

m2 1992 MM YV 291 19N 048912
(MTIPY 2)

MIVN IN XY

MLIVYN NN PN PN .NPINDY MOIYNY NP INOND MYTNN MVLIVN DX DIDN N3 ONP
: NI

:.h2 - 1qg/ltr 1qg 1gr -y o1 Sv npo .1

;NN oy h-umn»orh .2

SIINTN DY NDWYNY 11 oy 11,3

Will not be given the year

In This Course Some New Techniques for the Design of Controllers for Linear Systems Are
Summarized. the Following Methods Are Introduced and Criticized:

1. Review of Design Lqg, Lqr and Lqg/Ltr-H .

2. Hand - Synthesis - H with Constraints.

3. and Synthesis for Uncertain Systems.

n2 02299VN DITIVN NPT NIIYY IO 048918
(MNP 2)

.046918 1901 NP 99MN ONPN

mne MINNBN NI , NI DINTPIN DORYY 048921
(mmp3 2) 1 NAYNAN DINT

MIVN IN XY
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.NINN HY IPIDYW DINNN IPNN INYIL POIWN PRIN TINNN OYTH DINNL DTPNN NP
:V7YUN N TODND .NTIZN DITH MINOSN TN NAVNIIN NYRID DMNNN : NYYYN 'K TODND
D2WN DN 97UN N TVDND WIN DIDN

Will not be given the year

An Advanced Course in Image and Vision Sciences Which Deals with Topics in the Area of
Interest of the Instructor.

m4 NOYVYH M MNNIH 1319 NN NTIAVN 048922
(MNP 2) NAVYNINN NPNXRY

*

109D MNSPN
NN MY - 048860

.DYNYPI MNIND NI - 046326

1 D89N MIINISPN

.DNAVYMNN NI - 048873

PMONDND NPNINHVLIND NN - 236501

NN NTT - 236502

YNV NYRY MDIYN - 046332

AWYNNI D»97) DYDY - 044345

NAVNIND NP NNINN MIAN 717XIT DN OIXRW) - 048921

NMNN NN ,NPRIN NIIWND NPT DY DXOPIIN YNID DIWPIND DXVITIVDD NTYPN NTIVHN
NN 32 DIV 92N NIITNA NI DOVPIINN .NIAYNIND NONRI DY DMWY DOVINDT MNY NN
.DINNA HVDNN MTIAY NIRIPY NYNI TYS

tMHNPN
1. Ballard, D.H. and Brown, C.M.: "Computer Vision". Prentice-Hall, 1982. rec.

213034.
2. Marr, D.: "Vision". Freeman, 1982. rec. 211377.
3. Serra, J.: "Image Analysis and Mathematical Morphology”. Academic Press,
1982, 1984. rec. 208825.
.J. Opt. Soc. Am - Biological Cybernetics .IEEE PAMI : 01m>¥2 Tn1na navivn mIaonn 03 InNn

m2 PNV PIHNIVIPING 93990 048923
(MTIPY 2)

MIVN IN XY
NINN DY AIPNNN DINNN DMWY DIRYINA DX1ND NN RN NINDNI
Will not be given the year

In This Course Various Seminars Will Be Given According to the Interest of the Instructor.

m2 DINNAH 7TA'¥2 DINTPHN DINVI) 048926
(M3 2) (w1n)

MIVN IN XY

NN HYIPIDY DINNN IPNN INYIL POIYN MNNN DY DINNA DTPNN ONP
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Will not be given the year

An Advanced Course in Image Processing Which Deals with Topics in the Area of Interest
of the Instructor.

mn2 INQ.N (>2°V99N) IHINTN MMN NY 048929
(MTIPY 2)

107D MWNSPN
LOYNIPN MNIN — 044202

IMN DY ONI90 7YY NN - 044198

POD TIIND DY NANN DY DMIDN NIY DODVITN DINMPINON : DN MY DNPA MTHY DOIRYIN
TN NN DVTN N0 Lattice- 1 M2 RLS- N OMINON

I NIPY MRINA WK IMDIONNT DONXIM PN M LMS- 1 DINON 9y Dwy w7
DXNLWYA DPDVSTRN DMIDHNN YV DMWY NNONT WTPY DNPA 122 PN . MDD INPI MY>TNN
IMX NIV NNYPNIL DNV

sMHNPN
1. Haykin, S. Adaptive Filter Theory. 4% ed. Prentice-Hall, 2002.
s.n. 2239459 — 4™ ed., 2002.
s.n. 2169895 — 3™ ed., 1996.
2. Adaptive Filters. Edited by Cowan, C.F.N. and Grant, P.M. Prentice-Hall, 1985.
s.n. 2000227
Widrow, B. Adaptive Signal Processing. Prentice-Hall, 1985. s.n. 2001139.
4. Honig, M.L. Adaptive Filters: Structures, Algorithms, and Applications. Kluwer Academic
Publishers, 1984. s.n. 52620.
5. Sayed, Ali H. Fundamentals of Adaptive Filtering. Wiley, 2003. s.n. 2279866.

(98]

(M7 3) NPPVOINIIVPING DINTPHN DINYI 048930

NIV 1N NY
N VDN .NNINN DV 1PN DINDN IPNN IRYNI POIWN NPPVINIIVPINI DTPNN ONP
DPYONINIVPINY N - NN NPIPIVINI TPNIY) POIMNMP NPIRPTINVPIN : V’YYN

Will not be given the year

Advanced Course in Electro-Optics. the Topics Will Be Chosen According to the Interest of
the Instructor.

2)mn2 Wwv.» 1NN NISNTINIIN MT1] 048931
(M

AV0N0L "PINTIRN NN NNYPNI ONTPNND DOXXRVI ONP 1NN NIXONI NNONN ONPN
.2016-2017 22X 9VDVNDIY 2015-2016 >IN
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s 0TI MWISPN
INNIINPNRN NN -046733

191290
PN JPVIDIY NNXYTN ,DODD91D INNNINN MTNI NPHRYNA POIVD DNP 1IN YSHIND ONPN
JPOOVLVLON NPONN ,NPINTANAD NN NPY

;DN DNPL VDY DIRYNN : NIYN INYI

SN TPNPNAPR TN DY NN TINNIPNRD NN OIMPY-IR) NMVINNAIPNX MM -1
NION ,MYTN NN2IN MPAIVI MOTINM NPIVINNAPN MTND NION ,0PDD2 DIMPY
DMNYPNM PYNNIRD NN DINN2 NPYI PNININ DN PNNNION NMITH SWINDIY

,MAIVIND NVOV - (concentration of measure inequalities) M7 11277 HY DIMIVPY-IN - -2

,DMPINNANN OYJI DY 0NN transportation-cost 1 log-Sobolev Non DINMPW-IN
JPNPNAPNRD NN DIV

TPNNNAORD NN ONNNN JPYIDY) [ 7PNNNNR MITN DY T NPNRyn_s D115 MINSIN
2y MDY NINDIN MWD MM DT HY  OIMPY X TN .1PVDLLON NPONN NN
PNNNAPND NN JPYINOYW NI ,7INNDNANN M DY 17PNINON

sNPN

1) T.M. Cover and J. A. Thomas, Elements of Information Theory, John Wiley & Sons,
second edition, 2006.

2) I. Csiszar and P. C. Shields, Information Theory and Statistics, Foundations and
Trends in Communications and Information Theory, vol. 1, no. 4, 2004.

3) S. Boucheron, G. Lugosi, and P. Massart, Concentration Inequalities — A
Nonasymptotic Theory of Independence, Oxford University Press, 2013

4) M. Raginsky and 1. Sason, Concentration of Measure Inequalities in Information
Theory, Communications and Coding, Foundations and Trends in Communications
and Information Theory, vol. 10, no. 1-2, pp. 1-249, second edition, October 2014.

S. Verdu, Information Theory, Princeton Press, to appear in 2019

ma (VY)INNY .Y NHYPNA NTIVN 048933
(MM 2)

TAVNN DY ONINND DY DTN NN YT NTIVND NNYINN :DIYN

MOLMNN MYOIT .NNON PTINDI NNYPNN MIVIVND IXPN NWVIDY MND_: 01D INSPN
ST9932 VPN DD NAY WAP? OODIAPH MNSPND IN OTP MNSPNRD

YTV NNYPNN NLY TN DIIMIYNNN DIVITIVOD NTYPNI NTIVNN

DYOPININN .TPNIODN IN TINVIND NNIYPNN DINNT DOVPINIY YNIY DIWPINY DIINDIND
IN,DMY DMPNIND DI DNDOYWY DIITPNN NN MNIINON WINMD DINNL P> DMYRIN
.DYYMVNN DNAN IDN DY DINND IN,D"IN DINNINOND DY DIWININ NIV DY DINNA
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NI Y1222 DITIVDY IMNYY NWY NTIYNI VPN VN TYNN ITTIV DDN DIRYIIL DVPIY
NMYPNN DINN1A IPNNS

2 (YY) )NnpvY v NTPN NNYIN 048934
(MM 2)

101 MNPN
JPIIOD NNWPN - 046206

,P192 MY . DXNIY DY DXIVN DOTIN .NPNIAD NNYPN MOIYN HY DIIVNI) DMDI0A DHVIN
D990 MNMN HANDIN NYMN 12102 DPYINIID DYTTN) TIIITNNP NN

sMHNPN
1.  Viterbi, AJ. and Omura, J.K.: "Principles of Digital Communication and Coding".

McGraw-Hill, 1979, 1985. rec. 2014844,
2. Wozencraft, J.M. and Jacobs, .M., "Principles of Communication Engineering”. Wiley,
1965. .rec. 215864.

N2 NDINTI-IN ININA MY HY Hpa 048937
(MM 2)

NIVN 1IN XY

DY DMVNIH MY NPVIPOITI MDONT NPINDD MOIWYN DY #FPON> MDINY ) MDD DNPIVIP
NPINODY MOIYN DV 1N DOND NP VAV .NMYINN VIYI .2MVIIN VIV .NINTI ON

MOIYN SY DM NHDIN .ININ 2IWN IN 28N 2IWN NIV, DTIND DY MXTI-IND DN NPVLDIAN
.DYVNINT MNTION DY NONY DIVVLN NPIND R NPVIPOITY MDNI

Will not be given the year

Stability and "Nice” Stability Criteria for Linear Continuous and Discrete Systems with
Uncertain Parameters. Kharitonov Theorem. Edge Theorem. Zero-Set Theorem. Design of
Robust Linear Systems with Respect to Model Uncertainties, by State Or Output Feedback.
Analysis and Design of Nonlinear Continuous and Discrete Systems of the Lurie Type, in
the Presence of Uncertain Parameters.

n2 02991013933 13791 1919Y 048938
(MM 2)

NIVN 1IN XY

: DY112) DTN NPT MITOY DY PNION NMION .NX 046216 : X910 DTP MNP

2029 57 TN MNDIN PION NON .1

.gbits/sec H¥ DD YHVINT NN .2

AN MNON L3

(picosecond ) DMXP INOPIAN XM .2 .NPHIVPIO MNIN DY 1NN DVINT NN NYIVN .4
PN OITD NYA

.mode-locking - picosecond ( gain switchiing ) ©¥p N *P1an N MLV .1

DN NN OPIIN HY DTN VAN .2

Will not be given the year
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High-Frequency Modulation Characteristic of Diode Lasers: Analog Modulation
Characteristics at Microwave Frequencies. Digital Modulation at Gbits/Sec Rates.
Frequency Modulation. Spectral Properties Under Digital Modulation Conditions.
Generation of Short Optical Pulses (Picosecond Pulses) Using Laser Diodes: Gain
Switching, Mode-Locking. Characterization and Measurements of Short Pulses.

/N2 3 MMN Maya 09T1PNHN DINVI 048939
(M™Py 2)

NIV 1N NY

N I0DND NN DY IPIDY DINNND IPNNORYIND POIYD MNMN TIDY OINNI OTPHN ONP
2N MNN TIDY : V7YYN /K TVDND 2INTND MININX TIDYY : N7YYN
Will not be given the year

An Advanced Course in Signal Processing Which Deals with Research Topics in the Over
of Interest of the Instructor.

m2 Y .9 4 MHNN 7)2¥a ©NTINN DINVI) 048940
(M7 2)

550551 NIV NPINIVPIN :279UN DNPD XY

1 07P MY
.(044198) MNIN HY HNI9D TIYY NN

191290
MMN ;297 SV DININ) PYRYN MDY 11)2) OIPTNPNI DPNIDT MMN NPPDA POW DNPN

NPY ,ONTTNRD DIVNHYNIN DNYIN IMND (DY DT 331D D1VAIN DN ,07MN DMINWYN
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Rambalh)

: 09719 OINVY

MNP YN KT NI PPY IN DY I9INT NN OXTTHIN MMN DY MDD MDD e
nm 9y (Electrocardiogram, Ballistocardiogram) 2510 n9iya HY¥ 0»IN51I) D»NWUN
D»VNN 01N, (Evoked Potentials) 0»vy» 1701 (Electroencephalogram) o» 1inn
.(Photoplethysmogram) 0>ny1a 07 551
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- Pulse oximetry: Understanding its basic principles facilitates appreciation of its limitations:
Review. Chan et. al, Respiratory Medicine (2013) 107, 789 — 799.

- Cuff-less and continuous blood pressure monitoring: A methodological review. Sharma et. al.,
Technologies 2017, 5, 21.

- Ballistocardiogram signal processing: a review. Sadek et al. Health Inf Sci Syst (2019) 7:10.

- Current Status, Challenges, and Possible Solutions of EEG-Based Brain-Computer Interface: A
Comprehensive Review. Rashid et al., Front. Neurorobot., (2020).

- ECG biometric authentication: A comparative analysis. Ingale et. al., IEEE Access. (2020)

- Deep learning for healthcare applications based on physiological signals: A review. Faust et. al.,
Computer Methods and Programs in Biomedicine (2018), 161, 1-13.

$N1919Y NINSIN

: INDNNA ONPN NNOWN DPD DY
(T7R) TPOVTN THPNIDIN NPINIVPINRD MTID NN P VITIVON -
STANONPIYI NININ) NPYIY MINX NDDINY TIDY MOYOY DIXNNY YT VITIVDN -

ST NN TN ,IPNND MK, TN DINNI TPNN-N YINIIL ADIN VITIVON -
NP

ARYIN2ONNNY IPNN WX NIRIPD T7IN DINN NN IRy VITIVON -

.(50%) NP YN AT NN (50%) NN MIND NOPY 11980 3990

9NN ©YPH OV

Advanced topics in digital medical electronics
English syllabus:
The course shall review medical signals and their origins (eg. electrical and mechanical

activity of the heart, electrical activity of the brain, and optical reflections from beating
arteries), types of sensors for acquisition, common challenges in recording of bodily
signals, selection of appropriate signal processing and analysis methods, and using the
acquired knowledge in a mini-project in medical signal processing using medical data
acquired with digital health equipment at VISL lab and/or public bio-signal databases.

Learning Outcomes:

Upon successful completion of the course, each student:

- will be familiarized with principles and concepts of Digital Medical Electronics (DME).

- will be able to identify and apply appropriate signal processing methods for common DME
topics.

- will gain experience in DMR mini-research, presentation, and writing a short scientific paper.
- will increase his understanding in DMR towards conducting independent research in the field.
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N3y 9120

DYTIPM DNNINONRN,ODTIND NN VIV THDY .MNYID TITPPN NNN MTIDNA POW ONPN
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$TITN INUN
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MNPN

1. Yeung, Raymond W. Information theory and network coding. Springer Science & Business
Media, 2008.

2. Médard, Muriel, and Alex Sprintson, eds. Network coding: Fundamentals and applications.
Academic Press, 2011.

3. Fragouli, Christina, and Emina Soljanin. Network coding fundamentals. Now Publishers

Inc, 2007.

4. El Gamal, Abbas, and Young-Han Kim. Network information theory. Cambridge university
press, 2011.

5. Cover, Thomas M., and Joy A. Thomas. Elements of information theory. Second edition,
2006.

6. Fitzek, Frank, Fabrizio Granelli, and Patrick Seeling, eds. Computing in Communication
Networks: From Theory to Practice. Academic Press, 2020.
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Network Coding (NetCod)

English syllabus:
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The course deals with the fundamentals of Network Coding Theory. We will study the
main models, algorithms, and codes of Network Coding in detail, particularly for
distributed data systems and communications. We will consider several practical solutions
and applications of network coding in various areas of networking, security, storage, and
distributed computing.

Course description and structure
First part: Frontal network coding course — 70%
1. Introduction, basic concepts and measurements in Information Theory
e Dbutterfly network
2. Network coding graphs: min cut and max flow bound
o finite fields
3. Linear network code and global vectors
e multicast, broadcast, dispersion codes
Algebraic network coding
Random linear network codes
Advanced communication with network coding
Linear information flow (LIF) algorithm
Distributed storage — disk arrays
Secure network coding

A e S

Second part: Student presentations — 30%
Student presentations on state of the art and advanced papers in network coding.

Learning Outcomes:

1. At the conclusion of the course, students will be familiar with advanced network coding
techniques for distributed data systems and heterogeneous communications, the practical
solutions and applications of network coding in various areas of networking, and the main
challenges in using them.

2. Students will gain an understanding of the settings in which using network coding is
advantageous, as well as in the caveats that must be avoided to make effective and efficient
use of network coding in distributed data systems and heterogeneous communications.
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Will not be given the year

Definition of Large Deviations. Cramer’S Theorem in One and N Dimensions. Legendre
Transform. Sanov’S Theorem. Large Deviations for Markov Processes. Large Deviations in
Level

3. Applications: the Problem of Exit from a Domain. Lock Loss in Noisy Loops. Coding
Theorems. Shanon-Mcmillan’S Theorem. Applications to Universal Hypotheses Testing and

Informatiom Theory.
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Will not be given the year

Detection of M-Ary Cpfsk by a Limiter Discriminator, Pulse Amplitude Modulated (Pam)
Signalling Via Dispersive Gaussian Channels, Bounds on the Performance of the Viterbi
Algorithm in Detection and Estimation, Continuous Phase Modulated Signals (Cpm).

Comment: Recommended Background Course: 048934.
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sMHNPN
Karp, Sh. [et al.] Optical Channels: Fibers, Clouds, Water, and the Atmosphere.

Plenum, 1988. s.n. 2055788.
Okoshi, T., Kikuchi, K. Coherent Optical Fiber Communications. KTK
Scientific, 1988. s.n. 2061877.
DALY VINPNRN MNSDNN DIININN

Course name: Phtonic Communication and sensing
English syllabus: Photonic integrated circuits for modulation, pre-detection of light phase,

amplitude, polarization, frequency.
Advanced photon statistics: photodetection, optical amplification.
Coherent Optical Detection: Principles, performance limits, sub-systems (integrated photonics, DSP).
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Applications: Ultra-high-speed photonic interconnects with direct/coherent detection.
Coherent remote sensing: LIDAR, Distributed-Fiber-Sensing

Learning outcomes: Photonic Communication and Sensing

e Appreciate the wide applicability of the coherent detection paradigm in use cases ranging
from next-gen data interconnects to remote optical sensing over both fiber-optics and free-
space optical propagation media.

e Comprehend direct-detection/coherent photonic communication and sensing systems under
a unified framework, combining physical optics, mathematical signal and noise analysis,
and modern optical engineering principles
(such as the use of silicon integrated photonics).

e Ability to analyze, design, measure, validate the opto-electronic link budget of optical
systems subject to common principles: data transmission systems, LIDAR and 3D vision
systems, fiber optic metrology systems.
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Course name: Statistical methods in image processing

English syllabus:

The goal of this class is to expose the students to a variety of statistical methods for solving
image processing problems. The course will cover an introduction to nonparametric
estimation. Nonparametric dimensionality reduction methods. Statistical properties of
natural images. Parametric and nonparametric models for images. Markov random fields.
Applications to denoising, deblurring, super-resolution, blur-kernel estimation.



69

Learning Qutcomes:

Gaining familiarity with basic statistical methods and their use in image processing. In particular,
students that will have completed the course successfully will be able to fit the statistical models
learned in class to a variety of signal processing problems, as well as to implement estimation
algorithms for solving these problems.

Grade:
100% final project
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Will not be given the year

Waveform Coding of Speech and Images: Scalar Quantization and Design of Optimal
Quantizers, Adaptive Quantization (Apcm), Companders, Predictive Coding (Dpcm,
Adpcm), Vector Quantization. Entropy Coding, Subband Coding (Sbc), Pyramidal Coding,
Transform Coding, Analysis and Synthesis Systems for Speech Coding: Linear Prediction,
Vocoders (Lpc) Residual Coders (Mpe-Lpc, Celp, Vselp), Mixed-Excitation Coders (Mbe,
Melp).
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Will not be given the year

Homogenous and Inhomogenous Junctions. Band Diagrams of Semiconductor Junctions,
Band Discontinuities. Transport of Homogenous P-N Junctions and Inhomogenous N-N
Junctions. Schottky Barriers, Tunneling, and Ohmic-Contacts. Junction Capacitance, Cv
Profiling of Junctions. Transistors with Inhomogenous Structures. Mesfet, Hemt, and
Quantum Well Devices.
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Will not be given the year

An Advanced Course Neural Networks Which Deals with Topics in the Area of Interest of
the Instructor.
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Will not be given the year
Advanced Course Dealing with a Variety of Topics in Design and Implementation of

Computing Systems. The Course Will Also Serve as a Basis for Student Interested in
Carrying Out Thesis Reserch in the
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Will not be given the year
Advanced Course in Which Current Topics in Computer Communication Networks Will Be

Discussed. the Course Will Also Serve as a Basis for Student Interested in Carrying Out
Thesis Research in the Field.
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Will not be given the year

The Course Will Encompass the Fundamentals of Spread Spectrum Communication
Systems with Emphasis on Their Interference Immunity. the Main Chapters Are:
Introduction and Short Historical Overview of Spread Spectrum Communication Systems,
Basic Concepts and System Models, General Analysis of Anti-Jam Uncoded and Coded
Systems.

Direct Sequence Spread Spectrum, Frequency Hopping, Time Hopping, Hybrid Systems.
Coherent and Noncoherent Detection Methods, Hard and Soft Decisions, Ratio Threshold
Detectors. Effect of Channel Fading on Systems Immunity and Performance. Introduction to
and Basic Concepts of Multi User Spread-Spectrum Systems. Elements of Pseudonoise
Generators (Spreading Or Hopping Sequences) and Fundamentals of Synchronization and
Tracking Systems (Optional).
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Will not be given the year

Results from Fourier Analysis and the Theory of Linear Spaces. Non-Stationarity and Time-
Varying Systems. Time-Frequency (T-F) Methods: a Classification. Continous and Discrete
Short-Time Fourier Transforms (Stft). Tiling of T-F Plane. the Continuous Wavelet-
Transform and the Scalogram. Discrete Wavelet-Transform and Frame Theory. Wavelet and
Gabor Frames. the Haar Basis. Orthonormal Wavelet Bases and Multiresolution. Relaxing
the Orthogonality Constraint. Regularity of Orthonormal Wavelet Bases. Wavelets,
Subband Filtering and Malat’S Algorithm. Orthonormal Bases with Compact Support.
Symmetry and Bi-Orthogonal Wavelet Bases. Adaptive, Waveform Analysis: Base
Libraries Search Procedures for An Optimal Basis. Adaptive, Shift-Invariant
Decompositions. Two-Dimensional Wavelet Expansions.
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Will not be given the year

The Goal of This Course Is to Understand the Mathematical Foundation of Many Recent
Methods for Interinsic Modeling and Geometry-Assisted Signal Processing. Novel Methods
That Extend the Classical Fourier Analysis and Enable Natural Data-Driven
Parameterization of Signals Without Prior Knowledge of Models. in Addition, Recent
Nonlinear Filtering Methods Based on Data-Driven Geometric Models Will Be Presented.
the Course Will Cover Topics from Harmonic Analysis, Graph Theory, Differential
Geometry, Nonlinear Filtering, and Stochastic Diffusion Processes. Applications to
Biomedical Signal Analysis, Audio and Speech Processing, and High Outcomes: at the End
of the Course the Student Eill Be Able:

1. to Define Fundamental Terms, Including "Intrinsic Modeling”

2. to Analyze Special Cases of Signals and Systems Analytically, Build Intrinsic Metrics,
and Prove Their Main Properties

3. to Implement (in Matlab) An Algorithm for Building Intrinsic Models of Synthetic and
Real Signals.
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Course topics in 2021: The course will be a seminar dealing with advanced topics of
computer vision. To date, there is a wide range of practical success cases of computer vision,
e.g., in face recognition or autonomous driving. At the same time, the implementation and
deployment of products based on image and video analysis, is complex and required very
high expertise. There are still many open questions, on one hand in the theory explaining
why existing algorithms work in practice, and on the other hand, on the practical aspects that
make those algorithms useful in real applications. In this course we will choose a number of
topics relate to the main open questions, and together will try to identify relevant directions
to solve them.
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Measuring and sensing people with cameras
English syllabus:
The course will be a seminar dealing with advanced topics of computer vision, with strong

emphasis on applications of computer vision for measuring and sensing people and their
health status. In more detail, human health and the leveraging of advanced technologies to
improve physical and mental health, have been identified as one of the important
challenges of the coming decade. In this course we will explore methods for measuring,

analyzing, recognizing and predicting human health status. For example, measuring mental
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state, activity, stability, muscle tonus, eye movements, blood flow, and more, and through
that reaching conclusions on mental stability, tiredness, disease onset, etc. We will focus on

machine learning methods for unsupervised and weakly-supervised scenarios.

m 4 NOVYN 29N NYrAPN MA9YNa N1ayn 048976
(MM 2)

$OTP MWNISPN
0> 2VNN MIAN - 046267

NYY9N MOV - 046209

DXAVNN YY MOIWYN-NN MOIYN DINNL DXVPNI Y¥ID DOWPIANN DXVITIVDY NTYPN NTIVHN
(DY59019/N2H0N YTIOY) DITIVN MMINPI DD DTP MNP VI NP IAPN MOV Y902
MOIVND MM HDD NPYY ,OXIAVNN MDIYN 19N DY DIMINNIA P DXOPININN XYM 23 DY WwaAp»
IN/Y NIPIN MDD YYD DOVPIIAN TSI MTTH 'Y MOIIYN SNIN PN 1), MNTPNN
NYNI 2OW NNND NI NTAVNHN .OND DININM DIWNINA DY TNPN VIT DDV TIN,TIND 29 DY 1IN

.DINNA IPNND RWN WI1NI

n2 409V.5  ©2999095N HMIYN DY DIDDIAN NP MNP 048978
(MM 2)

s0TP NISPN

NN MOIYNI D) - 044148

NOLAMP TVVNA DYDY DY DINIVPON HY MMSPRIVIN (DNDAINY ONPYY) DINIVPON DY NPT
.M PODNA NVIMP TOVWNI IANTN WOLN YD) .DMVIN) DXPNN DY) DY MNPRIVIN ; TINI POvN2
9201 .Floquet DAYN ;> NINNI MOVPINT :YOX D) 121D . PNIVDMOPN : DXTINND YT HY NMON 1NN

JP2NN NIV .OMYAIN DNIIVPONR DY 91D .I1N D) TINmI V) D)

sNPN

Liao, S.: "Microwave Electrton-Tube Devices", Englewood Cliffs, Prentice-

Hall, 1988.
Gilmour, A. S., Jr., "Microwave Tubes". Artech House 1986. rec. 2105597.
“High Power Microwave Sources", Ed. By V.L. Granatstein and 1. Alexeff,

Artech House 1987. rec. 2105598.
Benford, J. and Swegle J.: "High Power Microwaves", Artech House, 1992.

rec. 2159756.
Recent literature.
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[1] Kang, W. and R. J. Williams. "Diffusion approximation for an input-queued switch
operating under a maximum weight matching policy." Stochastic Systems 2.2 (2012): 277-
321.

[2] Kang, W. and R. J. Williams. "An invariance principle for semimartingale reflecting
Brownian motions in domains with piecewise smooth boundaries." The Annals of Applied
Probability 17.2 (2007): 741-779.

[3] Shah, D. and D. Wischik. "Switched networks with maximum weight policies: Fluid
approximation and multiplicative state space collapse." The Annals of Applied Probability
22.1(2012): 70-127.

[4] Stolyar, A. L. "Maxweight scheduling in a generalized switch: State space collapse and
workload minimization in heavy traffic." The Annals of Applied Probability 14.1 (2004): 1-
53.

[5] Costantini, C. and T. G. Kurtz. "Existence and uniqueness of reflecting diffusions in
cusps." Electronic Journal of Probability 23 (2018).
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Reflected diffusions and switches : 5993382 9990 oV

English syllabus:

The goal of this seminar is to get a good understanding of the role played by the
mathematics of reflected diffusions in the analysis of switches, especially in the
development around papers [1—3]. Another approach of using related tools for analysis of
swithes [4] will also be covered, as well as recent mathematical progress is reflecting
diffusions in cusps [5].

Learning Outcomes: The participants are expected to develop expertise at a level needed to
do research in the field.
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Myerson, R. B. Game Theory: Analysis of Conflict. Harvard Univ. Press, 1991.s.n. 2151703
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Will not be given the year

Design and Analysis of Detection and Counting Algorithms in High-Speed Networks.
Deterministic Approach. Randomized Counting. Aggregate Counting. Sampling. Hashing.
Bloom Filters. Counter Braids. Power of Choice.

mn2 INT /MNNN 1IN MNP NYIN 048983
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will not be given the year

Methods for Analyzing and Interpreting the Contents of Video Data, by Reviewing Existing
State-of-the-Art Approaches and Algorithms. the Methods Will Be Explored through Their
Usage in Real-World Applications Such as Automatic Navigation of Vehicles Or Robots,
Visual Summarization of Video Clips, Special Effects in Movies Or Search in Visual Data
Bases Such as Youtube. Topics That Will Be Explored: Feature Detection in Video, Motion
Estimation, Video Mosaics, Video Synthesis, Recognizing Objects, Detecting People and
Action Recognition.

2
(M) 2) 02799192 1970 Wy Supax 048984
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Will not be given the year

The Course Deals with Noise, Dynamic Effects, and Coupling Between Oscillators. the
Course Covers Different Topics: Noise in Oscillators and Methods How to Measure It,
Leeson Model, and Noise in Delay-Line Oscillators. Van Der Pol Model, Self Sustained
Oscillators and Synchronization by External Force, Locking Range, and Instability. Models
and Dynamic Effects in Coupling of Two and More Ocsillators. Weak and Strong Coupling
Regimes, Loking Range, and Performance of the Coupled Oscillators. Kuramoto Model for
Studying Large Networs of Oscillators. Examples on Optoelectronic Oscillators That
Generate Rf Signals with Ultra-Low Phase Noise Will Be Given.

1. Understanding of Noise in Oscillators.

2. Understanding of Models to Analyze Dynamic Effects in Oscillators.

3. Understanding of Coupling and Dynamic Effects in Oscillators.

4. Understanding of Coupling Effects and Models to Analyze Large Networks of Coupled
Oscillators.

'n2 M ,MNYY ,N07302 NIV MLV 048985
(MM 2) 02I9)
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Will not be given the year

Introduction to Algebric Topology. Modern Topological Tools for Big Data Analysis and
Various Engineering Problems. Applications of Topological Methods in Various Areas
Such as Network Analysis, Signal Processing, Biological Systems, Etc. Probabilistic and
Statistical Analysis of Topological Systems.

1. the Student Will Get Familiar with the Fundamentals of Applied Topology Their
Advantages and Applications in Engineering
2. the Student Will Be Able to Implement These Topological Metods.

2 DVVNVY DIV MVIY 048986
(MM 2)
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Will not be given the year

The Course Introduces Central Models in Electrical Engineering of Stochastic Nature,
Extends the Toolbox for Probabilistic Analysis and Exposes Algorithmic Probabilistic
Tools. Topics: Basics of Markovian Queueing Theory, Effective Statistical Bandwidth,
Load Balancing, Phase Locked Loop in White Noise, Shot Noise. Analytical Tools:
Reversible Chains, Perron-Frobenius Theorem, Rates to Ergodicity, the Coupling Method,
Cramer’S Theorem on Large Deviations, Lyapunov Functions in Stability Analysis.
Algorithmic Tools: Maekov Chain Monte Carlo, Approximate Counting, Exact Simulation,
Simulated Annealing.

The Student Will Learn About Central Stochastic Models and Gain Control Over Relevant
Analytic and Algorithmic Tools.

mmMpI2 1 D°)9IN2 ©NTPNN OINYI) 048987
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Will not be given the year

The Course Will Survey the Main Topics in Energy for Electrical Engineering.

mmMpI 2 P93y M7 PODN MIIYN YW NP NPINANT 048989
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1. P.W.Sauer, M. A. Pai, Power System Dynamics and Stability, University of lllinois at Urbana-
Champaign

Topic: Dynamics and Control of Modern Power Systems

Prerequisites:
044195 — An Introduction to Power Systems and Smart Grids

(Background in control may help but is not required. Necessary results from control theory
are provided as part of the course material)

Outline: Modern power systems include complex loads and small distributed energy sources
that give rise to complex dynamic behavior. Two main challenges in power systems today are
to analyze large-scale dynamic phenomena, and to design efficient controllers. This course
presents core techniques for analyzing the dynamics of energy sources and power systems. It
is divided to three main parts: the quasi-static approximation and its limitations, the dqo
transformation, and applications of distributed control techniques in power systems. Students
will learn how to analyze systems and design specific controllers using Matlab-Simulink.

List of Topics:

1. Power system dynamics — the quasi-static approximation
2. Time-varying phasors

3. The dqo0 transformation and its applications in power systems
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4. Dynamic models of passive components and networks
5. Dynamic models of energy sources and loads

6. Control of energy sources — classic and renewables

7. Distributed control in power systems

8. Numeric tools for analysis and design

Learning Outcomes: The student will become familiar with techniques for analyzing the
dynamics of various energy sources and large-scale power systems, and will learn how to use
numeric tools to perform analysis and design.

Textbooks:

1. P. W. Sauer, M. A. Pai, Power System Dynamics and Stability, University of Illinois
at Urbana-Champaign

(M™P3 3) 5301 %3N 119999 048990

OONNY ANIND MYOITN DY OPON NN DWO VP YNID VITIVDN DIV NT MIXPHN NNDNI
NP0, NAPHN M0 NPPO : PO DOXVPMND WY I NNDNA (NN ROY 20ON) #5NYN NOTINI
IR NION NND DI 9PN

Within the Framework of This Course, the Students Can Undertake a Project Which
Comprises Either a Literature Search and/Or Suitable Simulations and/Or Appropriate
Computer Programming, and/Or Laboratory Project Implementation. the Project Can Serve
as a Partial Fulfilment of the Requirements for the Degree of Master If Electrical
Engineering (I.E. the Non-Thesis Master Program).

(TIP3 3) 990 93N 219999910 048991

VDM ININD MYIITN DY HOPIN N DWH VPN YNIY VITIVDN DIV NI NINPN NINDNA
,NAPN M0 NPPO: NI DOVPIN VY N NNDNA (NN KDY TVON) "DNYN NOTINA
NN NION NN 01T 9PN NP

Within the Framework of This Course, the Students Can Undertake a Project Which
Comprises Either a Literature Search and/Or Suitable Simulations and/Or Appropriate
Computer Programming, and/Or Laboratory Project Implementation. the Project Can Serve
as a Partial Fulfilment of the Requirements for the Degree of Master If Electrical
Engineering (I.E. the Non-Thesis Master Program).
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Will not be given the year
1. Control Flow Analysis of Programs.
2. Global Data Flow Analysis.
3. Loop-Level and Global Optimization.
4. Local and Global Register Allocation Techniques.
5. Basic Block and Global Instruction Scheduling.
6. Interprocedural Optimization.
7. Memory Disambiguation Analysis.
8. Instruction and Data Cache Optimization.
9. Automatic Parallelization Techniques.
m2 DN NN 048995

(MM 2)
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Will not be given the yeat

Modern Approaches to Statistical Pattern Recognition, Emphasizing a Solid Theoretical
Foundation and Advanced Algorithms. Topics: Statistical Decision Theory, Parametric and
Nonparametric Classification, Performance Assessment - Bounds and Numerical

mn2 0NINN 023N D7) 048996
(MM 2)
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Will not be given the year

Periodic Structures in Microwave, Optical and Quantum Systems. Open and Closed
Periodic Structures. Scattering and Propagation Problems. Green’S Function. Transients.
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Two and Three Dimensional Structures. Systems of Finite Number of Identical Cells.
Radiation from Electrons Moving in Periodic Structures.

m2 IONNIINY FISTIINITN 049003
(MMP 2)
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Will not be given the year

Surface Reconstruction, Volume Visulization (Voxels), Scientific Visulization, Algorithm
Animation, Graph Drawing, Information Visualization, Topics in Computational Geometry
and Their Uses in Animation, Path Planning, Collision Detection, Metamporphosis, Surface
Decomposition, Facial Animation.

mn2 NYINUN NP2 DIPNN VY NPNAY 049004
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Will not be given the year

In Complex Dynamical Systems, Focusing on Algorithms That Were Recently Developed in
the Fields of Artificial Intelligence and Single-Stage Decision Problems Dynamic
Programming Adaptive Control of Markov Decision Processes Neural Networks for Value
Function Approximation . Applications in Robrotics, Communication Networks and Board
Games.

/04 NOYN XM 1992 INVIT NTavn 049005
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Will not be given the year

Selected Topics in the Theoretical Foundations of Cryptography and the Design of Practical
Schemes Used in Information Security Applications.

Particular Topics May Include: the Study of Formal Foundations of Encryption and
Pseudorandomness, Authentication Algorithms, Zero- Knowledge Protocols, Distributed
Cryptography and Applications to Network Security.
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The Splay-List: A Distribution-Adaptive Concurrent Skip-List

Efficient Multi-Word Compare and Swap

LL/SC and Atomic Copy: Constant Time, Space Efficient Implementations Using Only Pointer-
Width CAS

Efficient Algorithms for Persistent Transactional Memory

Constant-Time Snapshots with Applications to Concurrent Data Structures

OrcGC: Automatic Lock-Free Memory Reclamation

Efficiently Reclaiming Memory in Concurrent Search Data Structures While Bounding Wasted
Memory

NBR: Neutralization Based Reclamation

Improved Extension Protocols for Byzantine Broadcast and Agreement

Dumbo-MVBA: Optimal Multi-Valued Validated Asynchronous Byzantine Agreement, Revisited

Scalable Byzantine Reliable Broadcast

Asynchronous Distributed Key Generation for Computationally-Secure Randomness, Consensus,
and Threshold Signatures.

:MhvN
yp9 Y919 , TRX INDNND Hv NIPN NMINN ,OININND 5Y VYIVYY DIDD NY'NIT 10 D NWIN ,OXINNND NNOIP
JNH90NN

sMNPN
M90NN OMINNND

: NPNY MINNHN

DM ,90N2 .DYN OMIPMNIN DIRVIN MINANN MIIWYNN DINNA IPNNN NXIND 1AWN> DXVITIVDN
DV NNYINN DX NXND PAND TPRI D210 2PN PINN DXANNI 19D YTNHDY ,1PMIPIA RPN
.DINNA MY DY 2NN IWPNN TIN NN

The course will cover advanced topics in distributed and parallel systems and new research
papers in the field. The course will emphasize persistent memory (NVRAM) and parallel
algorithms that access it, as well as Byzantine Agreement and its applications in
blockchains. The emphasis will be on critical reading of academic papers.

' 2 023990 MIINVNI DINTPNHN DINYI 049014
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Will not be given the year

Review of Updated Developments in Probability Theory and Random Processes.

mn2 INT MHNN 1Y 049015
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Will not be given the year

Video Representation, Frequency Domain Analysis and Sampling of Video Signals, Video
Camera and Motion Models, Temporal Filtering for Noise Removal and Inter-Picture
Interpolation, Video Coding in Temporal, Spatial, and Transform Domains. Hybrid Coding,
Coded Video Processing, Error Resilience, Distributed Video Coding.

'n2 92991999099 M3 YV 097919 190 049016
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Will not be given the year

Modeling of Mems in the Following Domains: Mechanical (Statics and Dynamics),
Thermal, Electro-Optical, Fluidics, Electrostatics and Magnetostatics. Modeling of Noise in
Mems: Electrical Noise-Jhonson, G-R, 1/F, Ktc, Thermal-Mechanical Noise and
Temperature Noise. Numerical Methods and Mems Modeling by Memscad: Fem,
Commercial Packages Such as Memscad. Case Studies of Mems: Cmos Ir Camera, Inertial
Sensors, Chemical and Bio-Medical Microsystems. Summary of System Performance
Requirements and Figures of Merits.

/N1 +'N2 3 VYNNI DINTPNN OINWI) 049017
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Will not be given the year

Advanced Course Dealing with a Variety of Topics in Design and Implementation of
Computing Systems.
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Topics in Secure Hardware and Operating Systems: 190832 990 oV

:English Svllabus

The course surveys main research topics on the hardware and software mechanisms that
provide secure execution (specifically, Trusted Execution Environments), and Operating
System design that leverages these mechanisms, as well as systems that protect against side
channel attacks. It covers both classic papers and recent developments, with a special
emphasis on software and hardware systems that protect against strong adversary.

Learning Outcomes:

The student

1. Will be exposed to the methods and important topics in systems research.
2. Will be exposed to Principles of secure hardware
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Will not be given the year

Linear Block Codes: Generator Matrix, Minimum Distance and Weight Distribution,
Decoding - Hard and Soft Decision, Reed Muller Codes, Trellis Representation of Linear
Block Codes, Bit Level Trellises for Binary Linear Codes, State Space Formulation,
Structural Properties, Trellis Complexity, State Complexity, Minimal Trellises, Trellis
Structure of Cyclic Codes, Methods for Constructing Codes and Trellises. Trellises for
Convolutional Codes and Their Related Linear Block Codes. the Viterbi and Differential
Trellis Decoding Algorithms, Iterative Decoding: the Map and Sova Algirithms, Low
Density Parity Check Codes, Modulation Codes: Trellis Coded Modulation, Lattice Codes.
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Will not be given the year

Advanced Course in Electro-Optics. the Topics Will Be Chosen by the Lecturer.
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NN .TPVINONY MINDD NNWPN MOIYN DV physical interface Dy > ©1PN WIT
(diversity techniques ) MY MVY , MYT OY W, NINO0 NNVYPNY NI : ONPN
(fdma, tdma ) ©>wHNWYN M1 MIIWNY DY) NVIV : TN I ( mimo, blast ) anINa



88

NV NIWRY NT YV (radio interface ) Y10 pwnn-ofdm, y cdma, ( wedma ) by waT Tn1HY
uwb, ofdm.»¥29 917 - PNYY VAN DY NPINDD MOV YV HVWHY

Will not be given the year

The Emphasis in the Course Will Be on the Radio (Or Physical Interface) of Digital
Cellular and Wireless Communication Systems. Main Topics of the Course:
Introduction to Cellular and Wireless Communications, Multipath Fading Channel,
Diversity Techniques - Antenna (Mimo, Blast), Time and Frequency. Multiple Access
Techniques- Fdma, Tdma and a Special Emphasis on Cdma, Wcdma and Ofdm. Radio
Interface of First, Second and Third Generation Cellular and Broadband Wireless
Systems. a Look to the Future - Fourth Generation, Ofdm, Uwb.

)12 Hya 09NN 02202 NIN PN MLYIND 049024
(MTP1 2) .12 N

NIVN 1IN XY

MIND PNOPNT NN TINIPD RO NPTIV ARNYN DY DTN NN DY DOINN MNP
I VN NNYPND MDIVN NMINID IRNYNN DY MNIND NN .20 NN PPN MOLVIND
DYINP NN OPIAN MOLWINT DY M . TIONN NN NN DMVHN DMNVIIDD NN .20
MOWN .IMONDTN ARNYND VNIDITVN NXNYN DY DDIANN M) NI DY D1VN DIINNI
.DMNINT DIIINY NPNTPI MNP HY SVINN NNY

Will not be given the year

Derivation of the Vectorial Nonlinear Schrodinger Equation, Based on the Multiple Scale
Method, for Analyzing the Propagation of Short Pulses in Fibers. Solutions of the Equation
for Analyzmg Optical Communication Systems and Fiber Lasers. An Introduction to Soliton
Theory and Inverse Scattering Theory. Analysis of Short Pulse Propagation in Highly
Scattering Media, Based on the Transport and the Diffusion Equation. Techniques for
Optical Interrogation of Biological Tissues for Medical Applications.

'n2 oMM 0 MMM MIIYNI D2PNHYNI YT1° 049026
(MMP 2)

N DTN DN )21 NI -044268 1089199 01P MWNSPN
DNYTIN 1 ONNINON -234247
N DR MNP NNM NP -234293 NN
VYT IN, VNN NPIND -106156

NNINN NYOIN IN,D7OVYN NNV 3 IWNDA DINTPNND DIRW) — 049017 2 197 MNP

AUNND NN NN DN MYHDY NX D) T MIAD MIIWYNI YN NN NN PN IT 0N
NN DXNIMININ INA ,TPVNNN NPINY NI DIRY NION .DONNYN 12110 DXPNYNI MININ
MPINY ,MININ MW N ,DMIVAN MNIY DY NPPVIND : 195> DYTHDIN DIRYDN . NI

,DOPNWYNL YT ,DINN DONXIAP YT 2280 GMVN YT, TN 1210 DY Y 190 YT S NPT

.DPNYNY MINN 2WNND NION NN 1PN DOVIDIY

PN
Reasoning about knowledge. Fagin R. et al. MIT Press, 2003. s.n. 2260116, s.n. 2195667.
Hintikka, J. Knowledge and belief: An introduction to the logic of the two notions. Cornell University
Press, 1962. s.n. 2103268.

2299306 1.1 .2008 N7ODWN ,ONNND .DOPNAYNT NNN .KIND ,.0,90U0 .,
9771221 NY9Y92 YY) DXPNRYNI NN : MIVIVON NDYN D, APINN ,.N XN
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2296800 .10.1 .2008 , N7OWN ,NNINST NVIDIDIIN

ars QIUNNYN 7121919 MIIPNT DI8NNIND NNN 049027
(MTPY 2)

MIVN IN XY

2NN NONN TN WHNWA 1Y DI 22NN PDIND X)W water pouring. Y0avN) VP YOINI \1Y
912°P DIND .DOVNNYN X217 DI DY DMDYDIN DI TIND NINN TN YN DY NP INIPN

( broadcast NX9N NIYY 95 H TN .NIWI NI YDIND 1Y .M NN I TP VOV
MMNPNY NN Y . NPP VAV 512>p 0NN ( degraded ). 317D NNON \Iychannel ).

P2 NPORIT HIDIPNNIN WyNer-ziv. 1oya .18 ¥y mny oy Npn NP ( slepian-wolf ). onxnn
SN YN DY NP TIPPY TN YN Y TP NPya

Will not be given the year

Basic Results on Single-User Channel Coding. the Gaussian Channel. Vector Gaussian
Channel and Water Pouring. Band Limited Gaussian Channel. Single-User Channels That
Depend on Random States. Capacity with Side Information. the Basic Multi-User Channel
Models. Coding Theorem and the Capacity Region of the Multiple Access Channel (Mac).
the Gaussian Mac. the General Broadcast Channel. the Degraded Broadcast Channel (Dbc).
the Gaussian Broadcast Channel. Overview of Basic Results on Single-User Source Coding.
Lossless Coding for Correlated Sources (Slepian-Wolf). Lossy Source Coding with Side
Information. the Wyner-Ziv Problem. Optional: Duality Between Channel Coding and
Source Coding with Side Information.

mn2 NIID9I MNNN Ny 049028
(MMM 2)

MIVN IN XY

AN MNIY NANIN,(DOWINWI TPNNON) NPIPA TN ,7PNIVIN MITHIN - PVPNNI TPNNNIN
SINNN DY ONNNND NN ONDMN PPD ,DPYR DMNVINN DIV (DOWINYY MDNINON)
.LDMNTPNN DOVN,DMIOV DIV PNNONN- watershed , N YNNINYN NITY MISVINID

Will not be given the year

Mathematical Morphology - Definitions and Motivation, Binary Morphology (Theory and
Applications), Generalization to Grayscale (Theory and Applications), Implementation,
Connected Operators, Morphological Filtering, Morphological Image Representation,
Segmentation Using the Watershed Algorithm, Morphology of Complete Lattices,
Advanced Topics.

mn2 NNHYPH NN 7122°¥2 11291299 049029
(MM 2)

MIVN IN XY

NPYI .TOYTHN MIDONHD NNYPM MMN TIDYA FPEIIVIND DNY DIHIININ NP
5919 ,77N2) 112 Y OIMYN ,TIYY MXNHY DY DHON ,NIMY NNKI MNPH NTION , NPT
TPLINP NNYPM DXMY DINUN

Will not be given the year
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Survey of Algorithms for Optimization in Signal Processing and Communications That
Have Been Published in the Current Professional Literature. Topics Will Include Blind
Deconvolution, Blind Source Separation, Bounds on Error in Parameter Estimation,
Channel, Equalization in Time and Frequency Including Blind Equalization and Quantum
Communication.

2 P93 . YONN MI9¥NI OINWI) 049030
(MM 2) 1

*

101D WISPN
(NDYT MINPN IN) DAVNND MNYID X1 — 044334

(PNYT VINPN IN) NOYIN MOIWYN 1N — 046209
(NNYT NNPNIN) DXAVND MIAN -046267

T NISPN
T7OWUN ,)7OVUNA NNV -1 DXAVNN NIDNA DINTPNND DRV -048750

N2YNY NI VITIVDD NNPNY NIVN , NNYPN MPNYI MNTPNN NONNX MIIYNA PIDY> IXPNN
NPTV NONX MIIYNI DY MNMOUPLIIIN INT VPN . TITN TYININ TP X DINNA MNP

Fibre ,iSCSI) 0»1v3259 nMvpn 21710179 Movn 191 (SAN, NAS, Object Store) nwy mooian

NMIPOY PONR NPIPNY ¥ P WpPn 1N 12- D (Infiniband -y ,Channel Architecture
MYN MMNMOVPYLIIINM

sNPN
1. Clark, T. IP SANs: A Guide to iSCSI, iFCP, and FCIP Protocols for Storage Area Networks.
Addison-Wesley, 2002. s.n. 2242516.
2. Hufferd, J. L. ISCSI: The Universal Storage Connection. Addison Wesley, 2003.

s.n. 2258399

n2 VLSI-2 9930 1P Y'Y N8NV 02911 049031
(MNP 2)

MIVN IN XY

, NN NN ,TPNDNOVN MNNINT MAPYA VIsi MOIYNI DINNN HY NIINN MDVNN

visi 195N2 ©YPIY .D¥22va DYNDN -MNYIN MYIANT M . JNINN NHINRND) NOVY WY ,PIDN
NNON NN -X8YY DNPA NNPY 2IWIND DIDTIN NN ONPN YAND PADN N2 .7 POONY
DIVIN . DN XY DMNPI MPNN DY NIIDNIVIIND DISNINT VIOPYW NYD elmore Y1)
D100 YUY YWY MY DY THPLLO NIDIN .22WN NN ONP P2 TN YN0 YUY HY DX
D222 NN ONP MNIVD .NPAYN DDID0N DN TN DY iISHNIDN HOVNMILVIN 1IN .0
.22V DY NMVPN DY .ONNN NPIDON . NIYY MMN NN

Will not be given the year

The Growing Importance of Interconnect Due to Technology Advancement, in Terms of
Speed, Power, Noise, Area and Design Effort. Limitations of on- Chip Interconnects. Low
Power Vlsi Design . Interconnect Power. Delay Models for Interconnect Lines and Trees.
Properties of the Elmore Delay Model. Repeater Insertion for Speed Optimization in
Interconnect Lines and Trees. Calculation and Approximation of Digital Crosstalk Noise at
the Chip Level. Static Analysis of Delay and Noise in Logical Paths. Routing for Minimal
Wire- Length, Path- Length, Or Path Delay. Interconnect Inductance. Clock Distribution
Networks. Power Distribution Networks. Networks of Chip.
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"2 4 D81 T9N) NNYPNI DNTPNN OINYI) 049032
(M™MPy 2)

MIVN 1IN XY
JPLDLVLON NNYPNN NN NXNVNAPNRD NN DY LDNNN NNYPNN DINNA NMINNINN
Will not be given the year

Updated Developments in the Communication Field from the Aspects of Information
Theory and Statistical Communication Theory.

'n2 MY N1NT MVLIY 049033
(MMPY 2)

1IWH 1N NY

mMoLVN ,( riesz bases ) © DIV, NPINID NPXNNODITV NN MY VYN YANIN

MM MmN ( frame theory ) M 01NN NN ( oblique projections ) NIDNZNI NPUINNNN
MTTHN NN DY MAPY NNV ,01HD5 0XANINI MMN DY IIDIVNN INNY 055D VI12DPN YANINA
TPN9IVPN MYV ( oblique frames ) NNONYN MINDN MYNNNI TN NDONT , NN

ND2YN MOVN MYININI INTNYM NNXTN DY NTVNINY NIND . NPINIVIN

Will not be given the year

Hilbert Spaces, Inner Products, Linear Transformations, Riesz Bases, Orthogonal and
Oblique Projections, Frame Theory. Signal Representations in General Hilbert Spaces,
Optimal Reconstruction of Signals in General Spaces. Consistent Reconstruction of a Signal
from Given Measurements, Over- Sampling Using Oblique Frames. Optimal Interpolation
Methods. Geometric Representation of Sampling and Reconstruction Using Oblique
Projections.

'n2 NAYNIN NN NINT MIIYN 049034
(MM 2)

NIVN 1IN XY

DYNIMONY DNWON ,NMNTNN NIIYNIY NPXDI DOWNINNDD DDPIVIN DIVPINT : DINYDN
NMNN TIDYD DNTPNN DI TPYNN NNRI NAVMNN MNRID DIYIDNRN NNN NINND

( MON NN, MNOXN HY NPINDD TDIN DIVPI MIRPT DINN,THNNI-555 IR .DMMIHVMN
NI, TOIVPID-> VNI NONTN,MNNN HY MPRITIN INTI-9X9 YW DnmYINimage fusion ),
TPNPOIIPMI ,ININD DY IDIN IINRN DIN) N9 THN TIT MR, DT KDY D»HDD NIIND ONINI
2PY ,IPVIN

Will not be given the year
Topics: Physical Effects Happening in the Scene and in the Imaging System. Imaging

Sensors and Image Analysis Algirithms That Help Computer and Human Vision, Advanced
Image Processing Tools for the Imaging Communities.Omnidirectional Vision, High-
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Dyamic-Range and Compensation for Camera Nonlinerities, Image Fusion, Contribution of
Video Sequences and Image Mosaics, Multispectral Imaging, Vision in General and
Unknown Lighting, Imaging through Scattering Media, Explotation of the Wave-Nature of
Light, Optical Microscopy, Tracking.

m2 DY N0 99227 MHININ Ty 049035
(TP 2)

NIVN 1IN XY

wavelet, NINN ,7TN -T2 NN NHDIN AT NINYNA NDXT TIDY ,N2¥T DY MM NP
NPNN DTN ,DX0INNT IV PTID? -7TN IOV ,NOPD -T2 DIXPIXDTIN  NPIDINT -2 NHDIN
TN DDIAN TIDY PDVIVIN INMY , IONIVPID NNNIN YUY MNINT NIXT MIX NDY OINIIN
YT ,NYNIYN NIIYNI TIOMIN NYNN ,WYI DITVPID IV, IMIONIVPID NTIVIDIMNIN TV
MO ( beamforming ), AN 1 TIY( anc ), L3NON WY NPD ,0NNIPN TIVND ,NIXT DY MON
(bsSS ).MPN NTIOD,DMNNIPIN TIVN Wy

Will not be given the year

Speech Production and Perception, Short- Term Processing of Speech, Short- Time Fourier
Analysis/ Synthesis, Wavelet Transform, Multiresolution Analysis, Time- Scale
Modification, Pitch and Formant Estimation, Linear Prediction Analysis, All- Pole
Modeling, Speech Enhancement, Spectral Subtraction, Iterative Enhancement, Model Based
Processing, Optimal Spectral Magnitude Estimation, Noise Spectrum Estimation, Auditroy
Masking, Speech Quality Assessment, Microphone Arrays, Adaptive Noise Canceling,
Beamforming, Post- Filtering Techniques, Blind Source Separation.

m2  .97/9919%) .9 1 VLSI-2 07901 0XXW 049036
(MM 2) X2’

) NPLINY DNA 91875 VLST mm70opvmioIN 279Wna 9990 XY
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109D MY
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NP IN MNDPA YPI TN DI PN
DXAVNN IN DNYN NOTINA NYNRI ININ MMON />H¥a D30 OIRNN

N3y 9120

GN D9907,7°210Y NHY NI MNMIN NN ,NNIFIA ,ONDP IPNNA ToNNY NN DNA qix
ANNY ,NOW VNN TIPN NIAN DY 2ANNHD MPNNA OTPNN NI YT TPYNN MPIDANI VYYD
TNNN NN PN .NIDNND NSYII MVP MDNN NOID INPNA IWANOY NN 12 NOODY INDY HY
2NN NERND MNVPVIIINA PIDYI 1991 MTID NN MDY
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9N 99990 XWI: VLSI Architectures for DNA sequencing and Genome Analysis

English syllabus:

DNA sequencing has opened the door to most significant developments in biological

research, in healthcare, in pharmaceutics and, eventually, in our ability to control our own

evolution, heritage and species. Science is progressing fast from mere understanding of our

genetic code to being able to manipulate it, e.g. in order to cure major diseases such as

cancer and eliminate major pandemics.

The course will cover the following topics:

e The challenges of, and algorithms for, DNA sequencing, genome analysis pipeline and
toolchain.

e The reasons for, and the purpose of, accelerating bioinformatics computations.
e A short intro into high-throughput DNA sequencing
e Recently developed bioinformatics and genome analysis techniques such as
o Conversion of electrical signals into DNA basepairs (basecalling) using Recurrent
Neural Networks
o A variety of genome analysis “building blocks” such as Smith-Waterman DNA
sequence alignment, suffix arrays, kmers and minimizers, seed and extend techniques,
De-Bruijn graphs etc.
Short and long DNA read alignment
Reference based genome assembly

O O O

De-novo genome assembly
o Variant calling using Convolutional Neural Networks.
e VLSI accelerators for bioinformatics, and their software-hardware co-design.

The course will combine lectures and student seminars for presenting and criticizing
leading papers about the topic.

Learning Outcomes:
3. At the end of the course, students will learn the basics of DNA sequencing and gain an
understanding of genome analysis pipeline and toolchain.
4. Students will gain specific knowledge of most commonly used genome analysis techniques
and algorithms.
5. Students will get familiar with the field of hardware acceleration of genome analysis, and
gain an understanding of the design principles of genomic accelerators

m2 2 VLSI -2 9999599 0°RYI) 049037
(MTIPY 2)

MY 1N NY

DMNYNN DNIYNWAD DIV VN DNPN VIS, MDIYN YW MM 1NON ,MI1AN DNTPNN DINW)
SNOPYTIN VDN NTIAY YNID

Will not be given the year

Advanced Topics in Design and Analysis of Vlsi Systems. the Course Will Also Serve as a
Basis for Students Interested in Carrying Out Thesis Research in the Field.
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ar £22°090X NIV MINININY 9N NP 049040
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NNYPNL DPDVIVIN NIYI IRNININ NMINdAY DMWY, factor graphs Y217070IN NNV
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Will not be given the year

Topics: Coded Communications Ldpc and Ra Codes. Asymptotic Anlysis of Ldpc
Ensembles on the Binary Erasure Channel. Performance Vs. Complexity of Ldpc and Ra
Codes on the Binary Erasure Channel. Iterative Message-Passing Decoding Algorithms and
the Sum-Product Algorithm. Asymptotic Analysis of Ldpc Ensembles on Binary-Input
Output - Symmetric Memoryless Channels and the Derivation of Density Evolution
Equations. the Bcjr Algorithm and Log-Map Iterative Decoding of Turbo Codes. Exit Charts
for the Examination of the Convergence Behavior of Iterative Decoding Algorithms. Facotr
Graphs and Their General Appllications in Digital Communications.

2 NDVYIN Y199 792%Y : NPT NPANY MNYA 049041
(MMP 2) ARAIAYA)

TN YN TIDY : NPNDP NPIANY MNWI -046041 : 9992 99NN

mn2 0221951 BIVID DITIVN 049042
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D»DY0D2N DOVININD .(DNVIV-1I DI D257 DIINNA THPNIL) DMVAN DIJ) NINNY DNV
;23 72°9112 DXANWNN DM NINN D)) ,0MVAIN DNNND) DITHNN ,ND) O1VIIND DXAIVN HY
D»NONN 1) D3N NN NINN -NPINNIDY (3119 21N NIDY DIVINYN.

Will not be given the year

The Physical Foundation and the Mathematical Tools for the Comprehension and Design of
Photonics Circuits on An Optical Chip. Topics: Overview of Optical Chips and Application
- the Physical Foundation of Optical Surface Waves. the Modes of Optical Structures Based
on Complex Media and Especially Nano-Sized. Basic Photonic Circuit Elements (Including
Optical Couplers, Switcher, Periodic Structures, Filtering and Routing Elements).
Plasmonics - Light Guiding in Nano - Metalic Structures.
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n2 NYYVHIINN Y190 NOINT 049043
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MY NPYAY MHODIDININ NNON HY DNV

Will not be given the year

Basic Concepts and Elementary Results in Lossless Compression, Fixed- to- Variable (F-V')
and Variable- to- Fixed ( V- F ) Length Coding Techniques, Probabilistic Models for
Information Sources with Memory, Universal Coding for Probabilistic Sources, the Lempel-
Ziv Algorithm, Applications of Universal Coding to Various Problems.

n2 D25’y DY Y110 NVINT 049044
(M™Py 2)
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arimoto- blahut. DMINON , MY -28P IXPNAD D1NON DN, NNY -28P NIXPND HY NPV
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Will not be given the year

Basic Concepts and Fundamental Results in Information Theory, Basic Properties of the
Rate- Distortion Function, Alternative Representations of the Rate- Distortion Function, the
Arimoto- Blahut Algorithm, the Rate- Distortion Function for Sources with Memory, the
Gaussian Source, Bounds on the Rate- Distortion Function, Vector Quantization, the Effect
of Side Information, Progressive ( Scalable ) Coding, Error Exponents in Source Coding,
Casual, Source Coding, High- Resolution Source Coding Techniques.

2 022N MNNVPOVIIN 049045
(MNP 2)
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Will not be given the year

Applications to Molecular Electronics, Landauer Theory, Schottky Barrier, Electrical
Transport through Single Molecule, Quantum Dots and Coulomb Blockade, Nano- Electro-
Mechanical Systems, Carbon Nanotubes- Electrical, Mechanical and Optical Properties and
Their Applications.
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Will not be given the year

Integral Equation Formulations in Electromagnetics. Issues of Solution Uniqueness.
Scattering by Perfect Electric Conductors, Open and Closed. Scattering by Homogeneous
and Inhomogenenous Dielectric Bodies. Electromagnetic Transmission through Apertures.
Scattering by Periodic Structures and Photonic Crystals. Modal Field Determination in
Metallic and Dielectric Waveguides. the Method of Moments. the Fictitious Source Model
Technique. Convergence and Stability. Various Aspects of Problem Complexity and Fast
Solution Methods. Perturbation and Variational Techniques.

m2 1 P90 PYN 1992 DINTPNN OINWI 049050
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Will not be given the year

Topics in Nano-Electronics, to Be Determined According to the Research Interests of the
Teacher. a Detailed Outline Will Be Provided by the Teacher and the Graduate Studies
Committee Prior to the Semester in Which the Course Is Taught.

mn2 NAIVNINN NP299)1 ©212TPNN OINVI 049051
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Will not be given the year
ASeminer That Will Address Advanced Topics in the Area of Computer Graphics. a

Detailed Outline Will Be Provided by the Lecturer and the Graduate Studies Committee
Prior to the Semester in Which the Course Is Given.
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sNPN
Mitchell, T.M. Machine learning. Mcgraw-hill,1997.

Alpaydin, E. Introduction to machine learning. MIT Press.2004.
Duda. Hart and stork, pattern classification. Wiley. 2001.

Bishop, C.Pattern recognition and machine learning. Springer. 2007.
Hastie. The elements of statistical learning. Springer. 2001.
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Will not be given the year

Elementary Statistical Physics and Its Relation to Information Measures: Analytical Tools
and Asymptotic Methods in Statistical Physics-the Saddle-Point Method, Inverse
Transforms, the Replica Methods: Many-Particle Systems with Interactions and Phase
Transitions: Analogies in Coded Communication Systems: the Random Energy Model
(Rem) and Phase Transitions in Coded Systems: Error Exponents from the Statistical
Physics Perspective: Additional Optional Topics.

n2 HYv91 ) NP2NHVID-N) 049055
(MNP 2)

©9P3 99NN
DYVNN DIVIN-NVNDI NPINVIF-NI - 046055



99

mn2 HO.N N8 NIN : NAVYNIIN NINID OINYIY 049056
(MNP 2)

1 DT MNP
AVNINN NP9 DNTPNND DINWN - 049051

.Y D DTV DMNNNDT NNOYI — TIN-NDNA NN NN DY DINNA DPNYIY DININD THD)

sOINVUNN NNRYYI
MMPY NN NN NNOYN NN IIDIN MIN ,DIWNN DXININD NIDN ,71INVINID )1PNT
10 PIANND

sMNPN
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PNIDT NHPNN DY NPOPIDD NMIDN .0ANWN DT YNV PNIDT MHYN HY 1NON NPOYY NINIPY
DYNMININY DODHVN .JNNN PIDTN DY NPDIDIN 12N MNIAN MHAN ,NMY NMPNYNOLI D10
,NAD NN PIPY .PODN NN DO MPNN L NIONN MDAXY 10N NPOrY NN INIPY

DYNVPVIIINY DPNIIYN DINPIYI MNNDY NPINY MPNIOV ,MNI

Will not be given the year

Principles and Design Considerations of High-Density Non-Volatile Memory Devices.
Physical Properties of Basic Memory Elements in Different Technologies, the Structure of
Memory Building Blocks and Their Analysis. Circuits and Algorithms for Read and Write,
Design Consideration for Density,Reliability, Performance and Power Consumption. the
Multi Level Cell (MlIc) Principle, Techniques for Error Correction, and High Level System
and Architecture Consideration.

mn2 M99 NYAY NAYNIIN NTINIY 049058
(MM 2)
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2T NAT, 090010 IND 1ND) NAVNIND NTND NPYYNI NN NPYI DY DINMININ) NN
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POPOO NNONT BY NN NXNND NOITIN DT 191,972PNA NPY 190N DY DTN

Will not be given the year

Theory and Algorithms for Complex Real-World Problems, in Machine

mn2 022YNN NYTINA NXYUNIIVYI D990 HNIN 049059
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D97) .0V DT ,NNNT,DMNNY DNVPN ,LITN) NNV : MYIVN DX9T) PNV
.DOYANN NYAIN TPV, NPNWNR NINT,DMW) ADIN DNDN ,NPINIT ,JTIVI IDIPY : 01NN

£ ©97) NYAY .DONIPR DX MNNAND ,MNY ,NYMN ,0NPRIPN 09I : HPNIANDNN NVIWN
MNNNN : MNDRND .NIYOY NN, MAN NAY ,DXNOWIN D7) VNN 190NN ,DONPTIP NN
IDRNNONIININ ,NNOVIN NRRNN ,DMTTN 1T D97, NPHOPN

Will not be given the year

Introduction: Representations, Isomorphism, Graph Structures, Trees, Flows, Connectivity,
Transitivity, 3-Connected Graphs. Transitive Graphs: Vertex Transitivity, Edge
Transitivity, Hamiltonian Paths and Cycles, Transposition. Graphs and Matrices: Adjacency
and Incidence, Eigenvectors, Ranks, Symmetric Graphs. Planar Graphs: Jordan Curve,
Duality, Euler Formula, Bridges, Planarity Recognition, the Four Color Problem. the
Probabilistic Method: Random Graphs, Expectation, Variance, Evolution of Random
Graphs. Graph Coloring: Vertex Coloring, the Chromatic Number, Perfect Graphs, Map
Coloring, Edge Coloring. Matching: Maximum Matching, Bipartite Graphs, Perfect
Maching, Matching Algorithms.

mn2 NNYPN MNYA DY 01NN 0°VAN 049060
(MM 2)

NIVN 1IN XY

MNYA YN 21597 P, MNYI YW MOIYN DNITPNN TPNN INVI .NNYPN MNYI DY MOIN
Y networks N M25Y Y DITPNN DNPIVIIN ,DNIYIN MNYI ,NPINDD/NPVININ MNYI DY
ransport

VITIVON ONPN DO

NV HY MOIYNI IPNN MTID? HY NN vI1dP .1
JDTY MN90 P .2

VTN NINNIN NYNPHD VIO .3

Will not be given the year

Networking Systems Research. Current Topics in Networking Systems, Such as Data
Centers, Cloud Networks, Wireless/Cellular Networks, Sensor Networks, and Advanced
Network/Transport Layer Protocols.

At the End of the Course the Student

1. Acquire Understanding of the Fundamentals of Networking Systems Research.
2. Familiar with Current Literature.

3. Acquire Technical Presentation Skills.

n2 vV
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sMHNPN
[1] E. Arikan, "Channel polarization: A method for constructing capacity-achieving codes for
symmetric binary-input memoryless channels," IEEE Trans. Inform. Theory, vol. 55, pp. 3051-
3073, 2009.

[2] E. Arikan and E. Telatar, "On the rate of channel polarization," in Proc. IEEE Int'l Symp.
Inform. Theory (ISIT'2009), Seoul, South Korea, 2009, pp. 1493-1495.

[3] E. Sasoglu, "Polarization and polar codes," in Found. and Trends in Commun. and Inform.
Theory, vol. 8, no. 4, 2012, pp. 259-381.

[4] L. Tal and A. Vardy, "How to construct polar codes," IEEE Trans. Inform. Theory, vol. 59, pp.
6562-6582, 2013.

$ D99 NINSIN
2VOP TIP NIYADY PANNY ,)IOND 931 VITIVDN

Polar Codes : TPYINI OV

: TPYNINI D10

Polar codes are a new family of error correcting codes. They are capacity achieving,
explicit (there is no ensemble to pick a code from), and have efficient encoding and
decoding algorithms. We will study the following topics: channel polarization, successive
cancellation decoding, error exponents, code construction algorithms, generalizations of the
original polarizing matrix, compression via polarization, and related subjects as time
permits.

Learning outcomes:

The student will be able to design, encode, and decode a polar code.

/N2 9)9Y 0 MM -NIN NNV MY 049062
(M™PI 2)

: 0891919 DTP MNEPN

IN TMNN MNM MY — 046200

IN DAYMNN NN — 236873

890N OY MSYPNNIIN NPPVNIN — 114210
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MY NMINON .IAIMNIVY,NITNN JIT,7PNIDINNID 0NN DY NOTIN , 0P D8 ,NDONN N
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sMNPN
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DY MHINNN
DXVLITIVDN ,DNPN MAPY2

DYRYY YPNIN NTTRY NPDOPNI NPDONI MYON MNIPY 1P .1
DTN NON MNK DIDOY NTTNHY NPDVPNI NPIYORD MY MNIPY 11
(MP9MIDIV NHD) NP DIPAYNN DN DIANT NN MY MNIPY 11
TRN-NON NNENT MIXNNN NPVIN NPIYN NPT MY MNIPY 1P
MNVN MYIN MNINN MIIN DX 1D

nR W

Three-Dimensional Imaging and Reconstruction
The course covers physical approaches for three dimensional mapping of objects and
scenes, mainly by light. The approaches are based on triangulation, depth of field,
structured light, coherence, scattering, diffraction analysis, shading, shadows, polarization,
aperture engineering, fluorescence, time of flight and tomography. The scenes span scales:
microscopic, through macroscopic, to astronomic. In addition, the course reviews
approaches for three-dimensional display.

References:
Selected papers

learning outcomes:
Following the course, the students will
1) Know principles and approaches for passive and active measurements of object range.

2) Know principles and approaches for passive and active measurements of object slopes
(gradients) and three dimensional shapes.

3) Know principles and approaches for sensing volumetric objects (e.g., tomography).

4) Know principles and approaches for creating visual effects exploited for three-dimensional
display.

5) Understand the limitations and advantages of the different approaches.

mn2 wop 2 VONN IPNNI YN 049063
(MM 2)

-

1 DTP MNNPN
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Information in Storage Devices_ :51°92383 ©9pH oV

sNPN
.0>IN1) DP9 DMINNND

Memory Systems, B. Jacob, S. Ng, D. Wang, Morgan Kaufmann Publishers, 1 edition (2007)
$ 19199 NINSIN
SY 191N MAIYANRNDT NPVIDINM NPHNINIRI MP2IDVN NN I VITIVDN DNPN DY NI DPDI
SV NV . OWVNNYNI N1 NONX MIIYNI D91 NI NINIOT MY ,037TIN NONN NIPNN

MPIY NPIPNN NN IWIRNDN PPN D VD PNIY YIND MNPWN) D1VNINN DTN
PDOVPONY

Svlibus :

1. Algorithmic problems related to data access

a. Command queues and rotational-position optimization

b. Constrained data placement

2. Analytical treatment of indirection systems

a. Combinatorial modeling of indirection systems

b. Optimal wear leveling

c. Data placement via graph algorithms
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3. Data representation - Coding data for optimized access
a. Write Once Memories
b. Re-write codes
4. Data reliability
a. Errors, faults and their models
b. Basic elements in combinatorial and algebraic coding theory
c. Asymmetric and unidirectional errors
d. Array codes for storage systems
e. Reliability analysis of coded storage systems
5. Open problems
a. Combinatorial theory problems

b. Algorithmic problems

6. Student participation: paper presentations, student projects and/or final exam: to be

decided based on class size.

Learning outcomes:

Upon successful completion of the course, the student will know the algorithmic and
analytical techniques that enable the design of modern storage devices, including non-
volatile memories and large-scale storage systems. A combination of mathematical
models and implementation assignments will provide a comprehensive set of tools
laying the foundation for deep and effective research contributions in the area of data

storage.
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sMNPN

G. Aubert and P. Kornprobst. Mathematical problems in image processing: partial

differential equations and the calculus of variations. Vol. 147. Springer Science &

Business Media, 2006.

2. T. Chan and J. Shen. Image processing and analysis: variational, PDE, wavelet,
and stochastic methods. Society for Industrial and Applied Mathematics, 2005.

3. J. Weickert. Anisotropic diffusion in image processing. Vol. 1. Stuttgart: Teubner,
1998.

4. Recent research papers.

—_

119199 NINSIN

: VITIVON NP DYLA

NP MSHVNIN DY DI _WHNNYND YONNNN YT WHNWND DNon iy .1
PINDD XY NPPON NPONININT MRNYN IMAN TIP NINDN WNN nvIdd Hya vy .2

. MNN TIDYL OINPTPIVIONR P> .3

DM LPMI 50% ,1N°2 NTIAY 50% 18N 299N

Variational methods in image processing :5°9)3832 9990 oW

English syllabus:

Basic principles in energy minimization methods (convex and non-convex).
Nonlinear diffusion (Perona-Malik) and anisotropic diffusion (Weickert). Contour
evolutions using level sets. Active-contours segmentation. Numerical

implementation of nonlinear PDE’s. Total variation denoising. Higher order
functionals. Evolution of manifolds — Beltrami flow. Nonlocal operators and
energies. Applications — denoising, deconvolution, image-enhancement,
segmentation, optical-flow, image-registration.

Learning Qutcomes:
1. Be able to use mathematical knowledge and will be familiar with convex

optimization tools.

2. Be able to implement code for numerical solvers of nonlinear partial differential
equations.

know advanced image processing algorithms which are based on these methods

(m‘r’:l,llJ vz’”sz) YPOIIN .Y JPVN NUTINY NIINND DVYIND MO 108324
P12,
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Rudin, W.: "Principles of Mathematical Analysis". 3rd ed., McGraw-Hill, 1976,
1986, 1989. .rec. 214679.
Dieudonne, J.: "Foundations of Modern Analysis". Academic Press, 1960. rec.
210664.
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Vulikh, B.Z.: "Introduction to Functional Analysis for Scientists and
Technologists". Pergamon Press, 1963. rec. 33605.
Liusternik, L. and Sobolev, V.J.: "Elements of Functional Analysis”. Gordon and
Breach, 1968. .rec. 213393.
Bachman, G. and Narici, L.: "Functional Analysis". Academic Press .1966. rec.
209816.
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