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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.
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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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e Reliability and Failure of Electronic Materials and Devices, Milton Ohring, Academic Press
(1998)

e Reliability Wearout Mechanisms in Advanced CMOS Technology (IEEE Press Series on
Microelectronic Systems, Alvin W. Strong et al., John Wiley (2009)
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Full Name in English: Reliability of Semiconductor Devices

Short Name in English: Microelectromic Reliability

Sylabus
Detailed overview of reliability failure mechanisms and modeling, from the foundry perspective.

Covered Physical and Environmental FEOL and BEOL qualification, Automotive.



Topic

Topic and content

Introduction to Reliability and time degradation

Quality and Reliability; The Reliability bathtub

Failure in time and the acceleration factors (Temp, Voltage, Currents stress)

MTTF (Mean-time-to-Failure), MTBF (Mean-time-between-Failure), FIT (Failure-in-time)
Materials and device degradation vs time — modeling, Competing degradation mechanisms,
Definition of quality and reliability; Yield vs Reliability; Reliability Scaling,

Physical failure mechanisms (Intro): HCI, NBTI, EM, SM, ESD,; Latchup, Soft etror

EM=Electromigration

Introduction-BEOL reliability concerns; Electromigration—definition; Mass motion and flux
modeling; Blech length; Void formation; Stress effects

EM testing and qualification;

Grain Size dependency, Alloys, Barrier metals and other process related performances
improvement, N7 and N5 BEOL solutions

EM LT as function of Width and length

EM under AC vs DC conditions; EM scaling limitations

SM = Stress Migration in solid Materials

Stress migration, void formation and growth

Stress migration modeling w/ and w/o dielectric all—around

Physics of stress migration; Nucleation; Activation diffusion volume

Resistance change due to voids growth, stress gradients

SIV = Stress-Induced-Voids

SIV modeling;

Layout solution, double via solution; Stacked via sensitivity, effect of misalighment
BEOL dielectric cracking

SM and SIV qualification

HCI=Hot Carrier Injection

Carriers' mobility; currents and voltages in MOSFET under operation: V¢, Id, Ib, Is, CLM,
SCE, DIBL,

HCI — mechanism and modeling; DAHC (Drain Avalanche Hot carrier), CHE (Channel hot
Electron), SHE (Substrate Hot Electron), others; Lucky Electron Model,

Interface charge generation,

HCI degradation under worse case conditions in planar MOSFETSs and FinFETs,
HCI qualification — measurement, analysis and modeling

HCI under AC conditions,

Process solutions to reduce HCI: DDD, spacer with LDD implant, HALO /Pockets;

HCI scaling and integration




NBTI=Negative-Bias-Temperature-Instability,

Degradation Mechanism and modeling; Interface traps; The Reactive-Diffusion (R-D)
degradation model, PBTT;

Stress time and degradation saturation; NBTI recovery; Dynamic NBTI

Qualification and modeling; NBTI Temperature dependency; NBTI Voltage exponential
dependency; Voltage/Field acceleration factor

Process dependency; Boron Penetration, ; Oxynitridization, DPN; Fluorine passivation,

GOI=Gate Oxide Integrity,

GOX scaling, interfaces, Leakage; Tunneling, TAT, Qbd, Vbd,; Layout sensitivity;
Weibull distribution

Charge inside GOX, C-V;

Vbd; SBD, HBD,

TDDB — physical mechanisms, IBM modeling,

Process Enhancement GOI

Capacitors reliability, with Oxide-Nitride-Oxide, Nitride, Ta205; HKMG (Hf-based); TDDB
of FinFETS,

TDDB — Qualification and Modeling

IMD-TDDB

PID=Plasma Induced Damage,
The mechanism of PID; Plasma non-uniformity, shading
Degradation of dielectric layers during PID

Antenna Ratio: traditional definition; Antenna rules, calculations and examples; Limitation of
the traditional ratio; Cumulative plasma damage

PID dependency on integration flow; PID dependency on Gate oxide;
PID stress and measurement methods, PID structures

Protection: bridging, protective diode; Well charging, protection

Environmental qualification and the foundry responsibility
Foundry TQV for platform development; SRAM TEG: structure, scaling, operation, layout

Level-2 qualification - Environmental tests

e  Early Life Failure Rate (ELFR) — calculation

e Burin-In for screening

e Random failures, x-ray soft error,

e High-temperature operating life (HTOL)

e Biased temperature and humidity (THB, 85/85)
e  Temperature cycling (TMCL)

e Autoclave




Qualification; The fabless/foundry reliability and qualification “relationship”,
The foundry TQV for qualification and WLR in HVM;

9 Reliability characterization; JEDEC JP001 (1, 2, 3)
Examples for foundry physical reliability qual plan and results
Additional qualification needs (PID, DRV, CA, Cp/Cpk)
Reliability for Automotive;
IoT, Automotive, connectivity. Examples for different Automotive applications
Different qualification requirements for Automotive;
Reliability for Automotive; Cumulative failure and life-time

10 The mission profile; AEC-Q100; ZEVI, Environmental qualification and Burn-In
Quality and Manufacturing for Automotive; Risk management; IATF16949; The Zero-
defect program’ Process Control for Automotive’ Continuance Improvement plan’ 8D report,
Failure Analysis capabilities
DfA — Design-for-Automotive; Devices, rules, Guidelines and DfM’” SPICE modeling —
Aging’ IPs, 1SO26262” ASIL, Safety Function’ Trace and tractability
ESD=Electrostatics Discharge,
ESD and Triboelectric; The (cost) impact of ESD; The level of voltage build-up, examples for
failures,

i ESD Prevention and protection,
ESD Modeling; HBM; MM; CDM
ESD Protection; example

Refrences
e Reliability and Failure of Electronic Materials and Devices, Milton Ohring, Academic Press
(1998)
e Reliability Wearout Mechanisms in Advanced CMOS Technology (IEEE Press Series on
Microelectronic Systems, Alvin W. Strong et al., John Wiley (2009)
e Up to date list of papers.
Expected Results

Fulfilling course requirements student is expected to be able to:

1.

2.

Understand the different reliability mechanisms in CMOS devices,

Understand the dependencies between the process and the stress conditions in the field on
the failure rate

Fully characterize and analyze the reliability performance and figure of merits of different
devices, by carful understanding the different mechanisms and the reliability
characterization.



4. Deep understanding of the way the semiconductor devices operates under stress (transistors,
capacitors, resistors and more) thus how to optimize them to achieve the needed
performance, with emphasize on reliability for automotive

Prerequisties

e 044231 Electron Devices 1 (MQS)

Detailed timetable:

18- 1 09:00 ~ | Course Introduction,
Sep'22 09:50 Introduction to Reliability and time degradation, (TAF, CAF, VAF), modeling
2 1?692& Physical failure mechanisms: HCI, NBTI, EM, SM, GOI, ESD, others
3 11:00 ~ | Electromigration: definition; Mass motion and flux modeling; Blech length; Void
12:00 formation; Stress effects
12:00 ~
4 13:00 Lunch Break
13:00 ~ L . e
5 13:50 Electromigration - testing and qualification;
6 14:00 ~ | Electromigration: Grain Size dependency, Alloys, Barrier metals and other

15:15 process related performances improvement, N7 and N5 BEOL solutions
Electromigration: LT as function of Width and length, AC vs DC conditions; EM

15:30 ~ AT
7 17:00 scaling limitations.
) Stress Migration: Introduction
8 17:10 ~ | Stress Migration: void formation and growth; SIV modeling; Layout solution,
18:00 | double via solution; Stacked via sensitivity, effect of misalignment
19- 09:00 ~ Hot-Carrier-Injection: mechanism and modeling; DAHC (Drain Avalanche Hot

Sep'22 1 09:50 carrier), CHE (Channel hot Electron), SHE (Substrate Hot Electron), others;
Lucky Electron Model,

. HCI: HCI degradation under worse case conditions in planar MOSFETs and
10:00 ~ . o . . .
2 FinFETSs, qualification — measurement, analysis and modeling, Process solutions

10:50 to reduce HCI: DDD, spacer with LDD implant, HALO/Pockets; Aging
3 11:00 ~ Negative-Bias-Temperature-Instability: Degradation Mechanism and modeling;
12:00 Interface traps; The Reactive-Diffusion (R-D) degradation model, PBTI;
12:00 ~
4 13:00 Lunch Break

13:00 ~ NBTI: Stress time and degradation saturation; NBTI recovery; Dynamic NBTI;
5 1é_50 Qualification and modeling; Process dependency; Boron Penetration, ;

) Oxynitridization, DPN; Fluorine passivation,
14:00 ~ | Gate Oxide Integrity: GOX scaling, interfaces, Leakage; Tunneling, TAT, Qbd,

6 15:15 Vbd,; Layout sensitivity;
7 15:30 ~ | GOI: Weibull distribution; Charge inside GOX, C-V; TDDB — physical
17:00 mechanisms, IBM modeling,
17:10 ~ .
8 18:00 GOl / Tirgol
20- 1 09:00 ~ | GOI: Process Enhancement GOI; Oxide-Nitride-Oxide, Nitride, Ta205; HKMG
Sep'22 09:50 (Hf-based);
2 10:00 ~
10:50 GOI: TDDB of FinFETs, TDDB — Qualification and Modeling, IMD-TDDB
Plasma Induced Damage: The mechanism of PID; Plasma non-uniformity,
3 11:00 ~ | shading, Antenna Ratio: traditional definition; Antenna rules, calculations and
12:00 examples; Limitation of the traditional ratio; Cumulative plasma damage;
Protection: bridging, protective diode; Well charging, protection
12:00 ~
4 13:00 Lunch Break
5 1%ng~ Technology qualification: TEG, TQV, ELFR, Burn-In, HTOL, THB, 85/85
6 1?&9?; Technology qualification: TMCL, JEDEC JP0O1
7 15:30 ~ | Automotive: Reliability, AEC-Q100, ZEVI, Mission Profile, Quality, IARF16949,

17:00 | DFA, IPs, ISO 26262




8 17:10 ~ | Electrostatics Discharge: Mechanism, examples for failures, Prevention and
18:00 protection, HBM, MM, CDM

The Lecturer:

Dr. Eitan Shauly, Tower Semiconductor

Bio:

Eitan N. Shauly received the B.Sc. degree in materials engineering from Ben-Gurion University, Beer-Sheva, Israel,
in 1989, and M.Sc. and Ph.D. degrees in materials engineering from the Technicon — Institute of Technology,
Haifa, in 1995 and 2001, respectively. He has worked for Tower Semiconductor since 1989. During 1989-1994 he
was a diffusion and ion implantation engineer. During 1994—-1997 he was a device/Integration engineer, focusing
on process integration and process modeling. Since 1998 he is doing integration, focusing on platform
development, design rules, Design-for-Manufacturing and Automotive. Dr. Shauly is also teaching at the faculty
of Material Engineering, Technicon Haifa, courses related to VLSI technology: “VLSI processing” and “CMOS

Devices and Integration”.

Teaching Assistant: TBD.
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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 LANSs, IP,IPv4 addressing. Routing: principles and
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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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Svllabus:
Analysis and design of RF circuits and systems for communication, with an emphasis on CMOS

monolithic implementation for which nonlinear response must be included. Transceiver architectures,
analog and digital modulators, phase shifters, radio-frequency mixers, voltage-controlled oscillators



and noise considerations, frequency synthesizers and other advanced components for
telecommunication circuits.

The course incudes labs that are designed to strengthen concepts from class with actual examples.
Project - can involve literature survey and design of a RF building block (PLL, mixer/PA, LNA/mixer, etc).
Circuit designs will be simulated by computer tools as ADS and Virtuoso.
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Learning Outcomes: The course will enrich the knowledge in the field of RF circuits for

communication systems, especially the analysis and understanding of non-linear elements. The
student will acquire the ability to design practical communication system based on simulation
exercises and projects that will be given during the course.

sMNPNI

1. Behzad Razavi, RF microelectronics, 2nd Edition, Pearson Education, Inc., 2012.
2. T.H. Lee, The design of CMOS Radio Frequency integrated circuits, 2nd Ed. Cambridge, 2004.

3. A.M. Niknejad, Electromagnetics for high speed and digital communication circuits, Cambridge,
2007.

4. Ellinger, F. Radio Frequency Integrated Circuits And Technologies. 2nd ed. Springer, 2008.

5. Davis, W. A., Agarwal, K. Radio Frequency Circuit Design. Wiley, 2001.
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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.

N1+ 2 ]1‘1:5.’ 199N NV PN MRy Nian 046042
(MTIP) 3)

-

10TP MYrHT
MO9ym MMN — 044130

$1999) 9907 XYI MWNPN
95N YT PODN MOV NN -044195

A Pid)

LDOVTNNN MNP NN MNPN ,PI0NN NYI MAN NP

NOYP NYIYHODIAPN NN NP NV ,DONIV,PIDN MDIYNI TID? MY

,D»9555 DXVN ,NNY PADN NNN, VTN ,PIDN NP THRNNN 28N PADNN NPT NNDHN NP
.DPON NYAY NN

:5Y9IN OV
INTRODUCTION TO ELECTRIC POWER SYSTEMS and SMART GRIDS

Svllabus

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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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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sMNPNI
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 : 5923 99PN 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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Will not be given the year

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 970510 3NN DN DYIWN DY DTN NON X DA .1
1987 ) 1N — 2034071 0.0

.1982 2700 — 14825 0.0

2. Razavi, B. Design of Analog CMOS Integrated Circuits. McGraw-Hill, 2001. s.n.2227194

'l N2 PONPY .9 029999 MMNY_ DNIVPIN BIDIuN 046188
(MM 3)

107D MMISPN

MOV MMN 044131-) OPNIVPON DDHYN 044137

N

MY MMN 044131-1 DINRPD OPNIVPIN DI0HYN 044142
N

MOV MMN 044130-1 DINRPD OPNIVPIN DIV 044142

N7 -0 P, DAC ,0omMp» axpa ADC 5w om man
,SSAMPLE-AND-HOLD ,DAC ,nxnwn »2oyn 190 .97 Ny PIPLINE ,wN59 »»nn
VTR WY NN YYD 1D NPYDIDA MISNLIN DY 112 1TON DXOPIN 1D DIDIVN NN
SNVONIIVN NNIY TY NIIWNN NN 1IN PIONN . MNNNN -ONY,VONN

tMNPN

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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G. James, D. Witten, T. Hastie and R. Tibshirani, An Introduction to Statistical
Learning, Springer, 2013.

e Y. Abu-Mostafa, M. Magdon-Ismail and H. Lin, Learning from Data: A Short Course,
AMLDbook, 2012.

DY ONTPNN

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

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

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

e R.Duda, P. Hart and D. Stork, Pattern Classification, 2*4 Ed., Wiley, 2001.

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

e 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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Boyd, S. P., Vandenberghe, L. Convex optimization. Cambridge, 2004. s.n. 2262155.
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Jain, A. K. Fundamentals of Digital Image Processing. Prentice-Hall, 1989. s.n.2065704
Gonzalez, R.C., Woods, R.E.Digital Image Processing. 3" ed. Addison-Wesley, 2007.
s.n. 2279936 — 3 ed., 2007
s.n. 2238212 — 2™ ed., 2002.
s.n. 21283329 — 1* ed., 1992.
3. Gonzalez, R.C. Digital Image Processing Using MATLAB.2" ed. Gatesmark , 2009.

s.n. 2307575 — 2™ ed., 2009.

s.n. 2259287 — 1% ed., 2004.
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1. Porat, B. Digital Processing of Random Signal: Theory and Methods.



Prentice-Hall, 1994. s.n. 2144342,
2. Kay, Steven M. Fundamentals of Statistical Signal Processing. Vol.1.
Prentice-Hall, 1993-1998. s.n. 2157997.
3. Papoulis, A. Pillai, S.U. Probability, Random Variables, and Stochastic Processes.
4" ed., McGraw-Hill, 2002.
s.n. 2240547 — 4™ ed., 2002.
sn. 2111164 —3"ed., 1991.
4. Candy, J. Signal processing : the modern approach. McGraw-Hill, 1988. s.n. 2135453.
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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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;T 190
D. Bertsekas, Dynamic Programming and Optimal Control, Vol.1 (3™ ed., 2005), Vol. 2 (4" ed., 2012),
Athena Scientific.
APV MY M0
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.

:NPNY MINHN

,(DININ TDY,NN90 NNIVPN pAY, TvnN YTINOD MY PXIN DDA PINYNVY N Y5 Dy DV ONPn
OINNI OMIPIN IN OIXRPID9 1091 .10 ,077210 MDY, NI NYIN IN ATITI IVYIN MOIYN
MONIY YN MNX MYNN DY NPOPLDIVLLOI DNIAN PIIYND DXANIWY TYN NIOPID NPINIVPINN
NVYNDIND MPAOVY OXDANN XPNT DN O2W-TY D1V PP DITNIOIN DIRVDN . MMN
DYNA0N
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)

g o o
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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.
3. Van Trees, H.L. Detection, Estimation, and Modulation Theory. Part . 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 - 31 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
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Deep Learning : 593383 9990 bYW

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 Outcomes:

With the completion of the course, the students:

1.

Will be familiar with the main models and common training methods for deep learning.


https://d2l.ai/
https://pytorch.org/deep-learning-with-pytorch
https://www.deeplearningbook.org/

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.
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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.
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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.
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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.
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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 Ionization. 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. Learn How to Use Device Simulation Software.

3. Understand Physical Phenomena Related to Electron Devices Described.
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1. Ferry, D.K., Goodnick, S.M. Transport in Nanostructures. Cambridge Univ. Press,1997. s.n.
2204755.
2. 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.

e  Scaling, Modeling & Delay models.

e CMOS Manufcturing process.

e Layout

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

e Dynamic Logic

e  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.

tMNPN

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

Wesley, 2005.

s.n. 2273032 — 34 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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tMNPN

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.

tMNPN
1. Shamir, J. Optical Systems and Processes. SPIE Press, 1999. s.n.2203436.
2. 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 — 1* 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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sMNIPN
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.
sn. 2165 — 1% 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 OQutcome

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% 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.

tMIPN
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 — 34 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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tMNPN
1. J. Armstrong, Programing Erlang: Software for a concurrent world, Pragm
atic Bookshelf, 2007.
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Will not be given the year
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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0»159) NPPY MNNND
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 : 1°5)X2 ©pN DY

Syllabus

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
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_$°9)IN3 999N oY

English syllabus: 991299 'N¥ 9932 9°9I0Y 119,099 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 Qutcomes:

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. Jeffers 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.

o Develop software using different parallel programming models, SW optimization techniques
and patterns for efficient parallel HW utilization.


https://www.bookdepository.com/author/David-B-Kirk
https://www.bookdepository.com/author/Wen-Mei-W-Hwu
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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.
4. Costan, Victor, and Srinivas Devadas. "Intel SGX Explained." IACR Cryptology ePrint
Archive 2016.086 (2016): 1-118.
5. Papers on recent topics
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Introduction to Cybersecurity : 59583 9990 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:



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.

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

5. Papers on recent topics
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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:

Define basic components of the behavior of neuron

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

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

Use nonlinear dynamical tools to analyze one and two dimensional neuronal models
Understand conceptually and mathematically the elementary random processes that influence
the membrane potential of

sMNIPN

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).
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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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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.
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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Syllabus:

Classical :information theory and communication via a quantum channel Introduction to quantum
capacity of a quantum channel, quantum capacity, and communication with entanglement assistance.
Background on classical information theory and quantum information theory. Postulates of Quantum
Mechanics. Isolated/noisy quantum systems. Physical description of a quantum channel and
mathematical definition. Basic communication protocols and resource inequalities. Classical and
quantum entropy and information measures. The meaning of conditional entropy and why can it be
negative. Quantum method of types and Schumacher compression. Capacity of a quantum channel
for the transmission of classical information (bits). Capacity theorem for a classical-quantum channel.
The regularization problem and super-additivity of the Holevo information. Communication with
entanglement assistance.

Learning Outcomes:

1. Having completed the course successfully, the students will understand the principles at the basis
of quantum Shannon theory, the information-theoretic description of communication problems, and
basic protocols for the conversion of quantum resources. The students will appreciate the significant
differences between classical and quantum communication systems and the challenges that follow,
and develop intuition for understanding those behaviours.

2. The students will be familiar with the fundamental capacity theorems in quantum information theory
and master important analytical methods in this area.
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Gallager, R. G. Information Theory and Reliable Communication. Wiley, 1968. s.n.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 — 1t 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

$DIIND DAY’

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.
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NPN
Mitra, Sanjit K. Digital Signal Processing: a Computer-Based Approach. 3™ ed. McGraw-Hill,
2006.
s.n. 2279543 — 31 ed., 2006; s.n. 2224858 — 2" ed., 2001; s.n. 2206285 — 1% ed., 1998.
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.
Burrus, C. S., Gopinath, R.A. Guo, H. Introduction to Wavelets and Wavelet Transforms: A
Primer. Prentice-Hall, 1998. s.n. 2191703.

Oppenheim, A.V., Schafer,R. W. Discrete-time Signal Processing. Prentice-Hall, 1999. s.n.
2201420.
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NOYIIND N7919Y MHNYIN

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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Y OMYYN DMWY YN NPYI NINAD DNRNINN DINNINON ,NIVNIND NMNXIT NPDDL Nyl
MTIPIN NMNINY MNHN NHRNT,NMND DY DININD ANISN ,NINNN NPS TOIN .PNIND MYNN
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tMNPN
1. R. Szeliski, Computer Vision: Algorithms and applications, Springer, 2010.
m1,n2 YPOAN O BVVIIN-IVPIN NASNNY 0¥ NIPNN 046773

(M1 3) 29925

107D WINPN
N8NNY DY NPNN - 044127
19 NSNNY 0Y9IN NPNN MTID — 044125 N

$ 5N NV

NNDINDY TIVNAD NP ,NNY N NPIP :DPIP MNPN

MNDY (VYT MIN DN NP ORI MWNINAY TT0 ,NIPY DIND) ,NIIP NI : DPVIIN-IIVPIN DINI)
NPNANN ;NVDIVIVIO ,WNY ORN L PIN NTYT ,NTPT-IID  HOROVIN-ID ONDY ; TIIN-IVD
DINNY NRNN DINNY DINDY DY MNNDNT OND) DY 12 N2NM (Detectivity) NP G0 ,(Responsivity)
.CCD- nns my1T1 9910, HgCdTe 191 InSb ,Si : DYTN-NIONN

ATGS) D»IVONR-Y9 OOND) ; (Thermopile) DYTIN ¥3¥N DIV TN : DNNIV DIND)

LDOND) Y10 CCD 7)1, 2290 NTNNN : DINDI IIYNY NIN TIDY IIVN

tMNPN
1. Optical and Infrared Detectors. Edited by Keyes, R.J. 2" ed. Springer, 1980. s.n.203138.

2. Kingston, R.H. Detection of Optical and Infrared Radiation. Springer, 1978. s.1n.25928.
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1 0TP WINPN
MNHN MIMN Y -046200
mMIpyn L(CT, X-ray, MRI, Ultrasound, PET) »X197 M Ta nyrIpyy mow 199290

DOVYYIN OND ,NVY D5 5 MINIONTM NN YTNN DY DO

MNY LFBP noow PNTRY NOnnn ,MOMIMvN MNIPY .DMANN DXVPIVINM
NPT ,IPNIVONT ,PINVINID ,DOUYT NP HIXIDT YN DY NNNN TIDY DDVIVIN
NAYMNND NNNINTY M) 0N

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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,IPOTNA NPNYN ,NTIND NN AXP ,OVTHN JOP NIND IION MXNWNI DY DPN1T NMININT .ONNN
DNV DNDN T NIMINND NNYTN TV NYIN TN NOND

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.

mim?2 M .N MOIYN HY MNTPHN MNVPVISIN 046853
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Sv MmN 0w Multiscalar ,>9%7 MTIPS PNIVY ,D>TAYN MY MOIWND MNPTPNNI NIV
MYMI970 MOWN , MDY N2> MIIWN NNIYY DXVIN T MY ,NPIVIION 1IN MIIWYN , 070N
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DIV NN T YIVANIY NINVPVLIIIND YN YT DD X VITIVDY PIOY NN DNPN NIVNH
PTNY WD MOIYN DY MMVPVIIIN

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.

M1+ M2 92NN NN MIIYN 19N 046864
(MNP 3)
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MLV, DITIND DXVIIN NKI TY 22VWN NNIN NYY NXAN ,NNN NN T 22WN NNIN DNNN NPION
(cad ).02awNNn 1on MY, tdr, DT MPOL ( signaling ), MION

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.

m1+m2 INN.9 DINIPN 02391 H MND? 046868
(M1 3)

1 DTP VINPN
OYNIPN MNMIX — 044202

:NNT I8P
DMNIPN DDHNIN MO — 048868

-PTI NIDI ;NN NONIN ; NMDIINN ; PXNVINY NYNMN ,MIINDN AN ;VIAPN AN ,NXIIN
PN DI DDHNN ; DXDPIPVIN ,DMRIPN O¥ONN ; NTNN NNM MXNVINI MNOVN ,0TIPN
VN ,PNT AT DIPIN YPONN ; DNINIVMIP, MDY JPAN : T2 JYIT2 NP IONN ; NPINIAN NIYNNN

.DMNPIN M0 DIIONN ,NXAP YIINN ,NVINN

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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MOY .O»NNMNM DN OOYTI .OMNDY 1PN DD 19N HY NENYTINY VLS moayn dv omny»
NIINY MO NNV NS MNIY DMIVLINID NPT OVVD NN .NIIN NNOND DNINI 7)AN)
MYND NITNYD .O¥ID0NI NPNIYN DY OVLO MNZ .TPVMIVIX NN MNP .BDD -2 wviow ponmo
0IN T

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.

mi+m2 172 .Yy 999 919H2 CMOS 9°a%vN 09y 046903
(M 3)

1 09P MNP
NN2IDN MDY D) — 044148-1 DIINDY DINIVPIHN D9IWN — 044142

N
NN MY O — 044148-) DINTVPON DIIVYN — 044137

(\90I0) DONXIPN MNMIN — 044202

MANYI DY 19N /s7 0N . VM0 NNVINT . NNONN MNP . 1PTI TH2 MOS »pnn .0»2ONRD 022909

9207 .Y TMMNPNR NN 12N VID AN 121 1T 3TN CMOS "1 5¥ DN .M .PADN 1N
LDMDLPRI DNIDONI DMOPI IDPINN MNIPY .TVY . TIN) Uy

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.

(98]

M1+ 2 2909 .9 VLSI _ma9yn by 2929 190 046918
(MM 3)

D917 DXIANWN DDV DY YD PNION DY PXDIMIVNINI TINMVIND PO ONPN
(VLSI layout automation)

-

1 DTP MYWINPN

VLS| 23y 1351 — 236354 I8, VLS| — 9 X121y DIA0WN DO9IwN - 046237



BA"AF F24")

NPYL.DMYYI MPOON VPN VPN DIPID ,NTVINY NTNPD NPYA DY NN DY MIINPN
20NN DMVNI NIVNY NPV NPITA .DMITIN DY NITNPD,0220 XN .NPNIPMI-NN NPNYNOVI
.MDY01) DY NPIVNIN MDY HDIAN

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.

M1+ M2 £°aYNN MIIYN NINY 895 046925
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m1+m2 YD) MIIYN 19PN Y 19PN 046968
(M™P) 3) M2IINIOPIN
$NMT WISPNI

NPIDMIVPIN MOIWN PN TIDY 1PN — 048968

, DIYINI DMIVPYN DI, D NOVNRIVPN) OIYN HY NNMA NVPD - NTTH MIIWNI OIYWMIPMN
(0”9 NN DXVNN ,DXVVDIVPON, DM MND DY DYTHNRN MVPN NYAVN) WD DY NP
SINONT .D2MIVN DDHYN DY DYHNN OXIN TIVY 1IPMI (PN NLYWI) TIDY NP DY MNIPYN

(V1D DPNIIYN DINPIY) DPNIN DITR NN ,NSIND NN NN

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

NI YOI JIPI IN 199 :)7aVN NIV XYID

Advanced Short Course on “All-Digital Phase-Locked Loops (ADPLL)”

General Information
Instructor: Bogdan Staszeski
Teaching assistant: TBD
Lectures: 13 hours, three days.
Academic points: 1 pts

Course Content

The past two decades has seen proliferation of all-digital phase-locked loops (ADPLL) for RF and high-
performance frequency synthesis due to their clear benefits of flexibility, reconfigurability, transfer
function precision, settling speed, frequency modulation capability, and amenability to integration
with digital baseband and application processors. When implemented in nanoscale CMOS, the ADPLL
also exhibits advantages of better performance, lower power consumption, lower area and cost over
the traditional analog-intensive charge-pump PLL. In a typical ADPLL, a traditional VCO got directly
replaced by a digitally controlled oscillator (DCO) for generating an output variable clock, a traditional
phase/frequency detector and a charge pump got replaced by a time-to-digital converter (TDC) for
detecting phase departures of the variable clock versus the frequency reference (FREF) clock, and an
analog loop RC filter got replaced with a digital loop filter. The conversion gains of the DCO and TDC
circuits are readily estimated and compensated using “free” but powerful digital logic.

Days 1 & 2: (7 academic hours) All-Digital Phase-Locked Loop (ADPLL)
Architecture and Implementation

This lecture presents a system-level view of the ADPLL.

1. Principles of phase-domain frequency synthesis

2. ADPLL closed-loop behavior

3. Direct frequency modulation of ADPLL

4. Alternative TX architectures using ADPLL and PA regulator

5. Survey of published ADPLL architectures; TDC-less ADPLL; cell-based ADPLL design

Day 3 Morning (3 academic hours): Digitally-controlled oscillator (DCO)

A digitally controlled oscillator (DCO) lies at the heart of an all-digital phase-locked loop (ADPLL). It is
based on an LC-tank with a negative resistance to perpetuate the oscillation— just like the traditional
VCO, but with a significant difference in one of the components: instead of continuously tuned
varactor (variable capacitor), the DCO now uses a large number of binary-controlled varactors. Each
varactor can be placed in either high or low capacitative state. The composite varactor performs
digital-to-capacitance conversion. This lecture presents a circuit and system level views of DCO.



Day 3 Afternoon (3 academic hours): Time-to-digital converter (TDC)

A time-to-digital converter (TDC) is used in the ADPLL to perform the phase detection. It generates a
digital variable phase or timestamps of the FREF edges in the units of the DCO clock period. The
variable phase is a fixed-point digital word in which the fractional part is measured with a resolution
of an inverter delay (about 10 ps in 40-nm CMOQOS). This lecture presents a system level view of TDC as
well as its circuit-level implementation issues.

Expected Prior Knowledge

044137 Electronic Circuits

044202 Random Signals

Grading

Written exam — 100%

Recommended Literature and Study Materials

Book: R. B. Staszewski and P. T. Balsara, All-Digital Frequency Synthesizer in Deep-Submicron CMOS,
New Jersey: John Wiley & Sons, Inc., Sept. 2006. ISBN: 978-0471772552.

Instructor

Robert Bogdan Staszewski

Full Professor, IEEE Fellow

School of Electrical & Electronic Engineering

Room 338D, UCD Engineering & Materials Science Centre
University College Dublin

Belfield, Dublin 4, Ireland

+353 1 716 1780 (office)

robert.staszewski@ucd.ie

Instructor’s Bio

Robert Bogdan Staszewski received the BSc (summa cum laude), MSc and PhD degrees from the
University of Texas at Dallas in 1991, 1992 and 2002, respectively. From 1991 to 1995 he was with
Alcatel Network Systems in Richardson, TX, USA, working on SONET cross-connect systems for fiber
optics communications. He joined Texas Instruments in Dallas, TX, USA, in 1995 where he was elected
Distinguished Member of Technical Staff (2% of the technical population). Between 1995 and 1999,
he was engaged in advanced CMOS read channel development for hard disk drives. In 1999 he co-
started a Digital RF Processor (DRP) group within Texas Instruments with a mission to invent new
digitally intensive approaches to traditional RF functions for integrated radios in deep-submicron
CMOS. He served as a CTO of the DRP group between 2007 and 2009. In 2009, he joined Delft
University of Technology in the Netherlands where he is currently a guest Full Professor. Since 2014,
he has been a Full Professor with University College Dublin in Ireland. He has authored and co-
authored seven books, 11 book chapters, 160 journal and 220 conference publications, and holds 220
issued US patents. His research interests include nanoscale CMOS architectures and circuits for
frequency synthesizers, transmitters and receivers,

as well as quantum computers. He is an IEEE Fellow and recipient of IEEE Circuits and Systems
Industrial Pioneer Award.
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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.

ml+ mn2 6 DNTPHN OINYI 047006
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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 59283 ©9pH 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.

Y3, M2 2397 .Y .1 DYAUNN NOTINA DINTPNN DINYY 048025
(MMpP)2) Y0IND DPINPTHIVDIN : NV
1Y9Y20)YINN

NIPIN: INIPN Iy DV
TPNPOIIPNRND MOMP NPIAPTIIVPON : NIN MY OV
MACROSCOPIC QUANTUM ELECTRODYNAMICS :  m5nNa ov

0 -9R0/OPMN9 |, 3-m2.ay ,0-1NTayn , 0- 90N , 2 - NN

2.0 1% MMP)
VP-3,22a8-2,970-1 0172021 : TODNRDN 9PN PN

NTAY + APYN-5 PN NYAP NNY MND-1 )Y ND
N: D/900002 2021 : TPHTPN MWL SYaP MINPNN

NRYID : IXPNHRD IRNN DN

MIIYN NPIPIAN DY ,¥202 DOXVPAN DY ANT NN P2ADND NI TWAND IMIN-NIN NPIPRIVIN 1PN
NN PYTY IPINY NPTID NPYTN MONY)

VIV YUY .TPOVIMP NPPNRPTIIVPINIY HOUIMP NPPVINI IPNNN NINAY DINYNI POIY DNPN
DV IV IIXDLIMNP : VMNP NPIINTIIVPIND DN VTN INN O5N OHHNIN DNPN NNDNI
SOIMP DIVNID TINA MOVNNIVPIND (1) NPXPNY) OOND NANNN MYNNNI YVNMIVPINN NTYN
D10 NNNTI ,NINY NMPVN MIIWNA NOVIND NPMNRPTINTVPIN DY NVNPIOINI V1), TITN TIND
PVON NPORPIV-IN OY DXIMINY, NN MNNIVYH ,DITIDN MIDN DINPY D)

o), 0PI, MNPOIN ,0MNVNI DXNYP DIMNIVPON : NININ MIIWNNNI PON NPXPRIVIN NNI)
.DMVIMP M NPLINP MTIPI D OPMININ DINVN

92V DYPIN MTYI MOUIMNP NPPANTIIVPINI WHNY) : DVTN DIVYPNL MIININN DY MYHON2 N1
SY DOD192 MM NPNNIN NNND NPXPIOIN DY, HOUMP NINDY XD NPPVINI DXOPIN NND
MY-ION

DY MY MEDOVIMP : DIRYI) VIV DIDD .DMNIVI DIPIPIN-1INP DY NPXPRIVINI D) PIDW)

SN DYTIDNA D1DVI P NPSPND NITYL) VN N2V NDINN INPA 2NN NIPNRY MON
MNINS MIIWNI NOVIMP NPIVNNR ,TNPOIIPNRND NVIMNP NPIIPTINVPIN DY MNIPY ,(NPORPI
.DMNVIY DPIPIN-7INP DY IMIN-TIN NPIPNRIVIN,)IT DD DININVINNAY



, 1A% MDD MOIYN NVAN N2V MXPDNINT ,0PYNN DINIVPIN DY NPVINP NPIPRIVIN
V) DOYNN ONIVPIR DY NIY ,2IPIVS NP TN PP 12y0 DINPIN DY NNVLNAD NV
DN DIPIPIN-2INP

9001 M VITIVON NP DYDI
PDPOIPRND NOIMP NPRNITIVPON Y 0¥ Dovany .1
APNN NPYA NIY TPAPOIPRND MVINNP NPMIRPTIIVION YW D95 NNaY .2

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: 71%°5 )XW 99132 92910 1193 , 0590 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.

2. 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.

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

5.  G. Wachutka, “Rigorous thermodynamic treatment of heat generation and conduction in
semiconductor device modeling,” /EEE 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 : 51°93383 ©9pH oV

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 Qutcomes:

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.

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

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.

The students will know how to perform thermal analysis of the device, including
the development of a basic thermal model.
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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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Topics in Deep Learning Theory : 599283 o990 0w

English syllabus:

The course will cover old and new theoretical results on neural networks. For example, what
are the approximation capablities of deep networks? How to quantify the uncertainty and
statistical error in learning? What is the dynamics during the optimization process? When do we
expect problems in the optimization process? What are hard problems for neural networks?
How should we select hyper-parameters?

Learning Outcomes:
After the successful completeton of the course:
5. The students will improve their ability to read, analyze and compare theoretical results

from the litrature.

6. The students will be able to extend and build on existing theoretical proofs so that they
will address other relevant problems.

7. The student will get better intuition regarding theortical considerations when building,
training and testing a deep neural networks.

m2 1Y N1917Y MR YV 01N 1an 048661
(MM 2)

NIV 1N NY

D117 MNYIL YIDY DIWIRNDT DIDI02N DINMININM ONYIND NP, NN NTNYY XN
M ,NONI MNYI YODIAN NMDIYND VI DY DOUYN DIXRYI) .MM NPD NPY N2Y NPNIOY 29
DY NN DY DXIVIN NI 1D, D22IWN DY TPNDMVIN MDD 2170 DITAYN HY Y3 2PN 1IWNN
.D”MawNN

9001 MM VITIVDN DNPN DPDI

PMNY DTN MOIYN NAY DMYYN OO HIPY .1
gpus NNON 2PN NNIOND MPAIOV TNDY .2
DN NDYO MY Pand .3

Will not be given the year

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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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.

'n2 D922 DN MHIYNI DINTPNN DINVN 048716
(MTMPI2) 2

MIVN IN XY

DV IPIDOY DINNN IPNN IRV POV NP NTNRD,MOIVN RYNA OTRNN MIXPN 1N DT NSPN
.NXINN

n2 7999 ,51999192 091D NN OINYI 048718
(M1 2) 4 NPy

NIVN 1IN XY



DV IPIDOY DINNN IPNN IRYIL POV NIPA NTNRD ,MOIVN RYNA OTRNN MIXPN 1N DT NSPN
.NXIMNN

n2 M5 .N 1 D399 N121Y2 DINTPHN OINYIN 048720
(1P 2)

MIVN IN XY

YININT VNN DIADPD .NXINN DY HIPIDW DINNI,NNON NTNDA DMV DIRYNL PIDYY DTPNN ONP
.DNPN 1N 12 9VDND Y NDNN 1Y DN NTINID

n2 M .Y 2 D191 N119Y DINTPNN DINYI 048721
(MM 2)

VNN YPHRN DI THPNITO MLINN NYIP 1 )’/OVWN NIYE XNYIIN

NNINN MYINIIN QIITN > DY NNDI ONP : D1P MYIIT
MPNY MYIIT/9913 23T XIY MINEPN/NNT WINPHN/DTP MNSPH

(19929 INWIY 99132 9910 1193, 09999 50 1Y) 592y DIaro

NP 0NN YN DTN T APY MINTI ON 12N YWD NPNITO MOLYNN NYAPA DTPNN DNP XIN ONPN
PN DNPN NNON NP DN , NN HY D17 DINIYHI NPVIIP PYA XN VYINN YTHN 9122 MOVYNN
VI92) NPLINTT NVXPITAN )ITI,ONNN YTNN DI12)2 NPNITO MOINN NYAP DY MTTHINNND MY 190N
DIMYN MY YW MNIND MYINN DX INM NI

sMNIPN
MNINNN ONYNN DINNND

$N799Y NINSIN

NYAPO NMVYN MLV NN PADNY HNDN 7PN VITIVDN ,NNDNNI ONPN NIOVN oY .1
ANYY NMIONN NMININH DX INNDY NN INYND 0NN YTHRN D12 HPNITO MOLONN
MLYNN NDIAPO NMNY MVLIVIA WHNWND IN0N MNP VITIVON ,NNIXNL ODNPN NAOVYN DY .2
AOPN YN 51201 NPNITOA
NYAP OINNA YN NN DINNND NIPD INON 1PN VITIVDN ,NNDXNL ONPN NIOYN DY .3
JPNYTO MLONN
NN BY 1:1 17 DIVINVON INYD ARYIN NYDIDN 100% NTIAY :)198N 259D

Advanced topics in Machine Learning 2 1°9))83 9990 oV

English syllabus: 71352 'NY1) 49133 *9105 119 , 059919 50 1y

An advanced class in sequential decision making when there is a lot of uncertainty because
there we are in the small data regime. Sequential decision making in the small data regime is a
critiral issue in many applications of learning, planning and control. We will present several




approachs to approach this issue, discuss applications (mostly in medicine), and describe the
limitations and advantages of the different methods.

Learning Qutcomes:

At the end of the course, the student will know how to

1. Explain different approaches to sequential decision making in the low-data regime. Specifically, the
student would be able to compare this method and will point to their limitations and advantages.

2. Apply the different approaches to sequential decision problems in the small data limit.

3. Read papers from the state-of-the-art in the relevant field.
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Recent papers from the literature (main resource)
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 :nvh3iN2 07127 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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Advanced Topics in Deep Networks for Speech Signals : 593383 9990 bW

English syllabus:

The course will present the speech signal and how it is represented for machine learning systems. The
course will be foucsed on the most recent advances in automatic speech recognition, speech
representation, and speech synthesis.

Learning Outcomes:
With the completion of the course, the students:
1. Will understand how speech is generated and what are the acousic components of the speech
signal.
2. Will understand how speech is represented in deep neural network systems.
3. Will familiar with the most recent models for automatic speech recognition.
4. Will familiar with the most recent models for speech synthesis.

More Information:

Staff: lectures will be given by Prof. Yossi Keshet, tutorials will be given by XXXX and the HW will
be graded by YYY'Y. Details on contacting us are available on the Moodle.

Hybrid Teaching: The current status is that we can only have some of you in the class and the rest will
join on Zoom.

e Lectures —.

e Tutorials —
Working Environment: the lectures will be in a PowerPoint slides format and will be published on the
Moodle website. The tutorials will be in a Jupyter Notebook format, to include both math and Python
code. PDF version of the tutorials will be uploaded to the Moodle, and the raw notebooks will be
available on the course’s GitHub (see below). For HW, you will also be required to write in Python and
submit Jupyter Notebooks (you can use any IDE you like, but the final submission must be in a Jupyter
Notebook). We have prepared a manual (with video tutorial) for you how to set-up a working
environment on your local machine or work remotely on Google Colab (which will also give you a
GPU), and you can find it on Moodle.

HW: there will be 3-4 HW exercise.

Forum: our forum will be hosted on Piazza, please register with your @campus emails. You can use
the forum to search for a partner. If you are new to Piazza, please see our short video tutorial on
Moodle.

Office Hours: we will be happy to set-up office hours with you. Please set them up with us via emails.
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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.

mm?’;"zl) 092999 .Y mYNNN SY 09N novve 048812
|

M¥INN SV DNPNM NPV : 1PN Y12y oY

1019 MYIYT
SNV DT PN

NI PONP 0 N8NNY 09N NPNN MTD> 044125 DNPN INA YV Y7 DY N9 PIY VITIVON
(315030 1132) DXRNNY D9 NN DINN

ay3 DIAYD

DTPN YOya DIMIN DY WHTL ,NPNIVPINIIPINT MNNNN DY OYNYIY DMV IPID ONPN
MXNNN DY DMYOMN DPIDIN NNXOND PYUNN ONPN DYN .DNVDMIVI M) MVPINGT
NMONN PPNNRND NPPVON DY DXODN ADWN DNPN TENIVPOX TPNINP MY NPIPIPN
DNPNND MNHNT ,MIAOVN TN DY DMOPIY DXODN DY MXINNN DY MTNPHNN NPNIVPONND

.DMMLPON

90 YPI
NPIMLPINIPINA NP0 NXINND : NPPNIVPINIIPINA DITTIAND M¥NN .1

NPV ,N2VIMN  high-k YHya ©VPONT : NPINIVPONIIPINL DYTTIAND MXINN .2
LDV DNPNNA NTIAYN TPXPND DY NVIDY ,7PNINOV)

MpT MAow MPwH ALD norvd X1an
TIMVPION MXYNP MUY NPVIPDIID MXINNN KW MNOIM NP
YDYD2 MIVPYN MHAN VI NN, NN ©
MNONT ,TTIAN-NONN MY ,Mott »11an dv nipdvs o
PAD MAXNY MXINNN NPO ,NPNIVPIN NPINOMP O
,NPVNN NINRAY I8P N1 Jahn-Teller MY : DVYNININ NNAYN - NNIDN NINT O
A2 9vwpm CMR Double Exchange myamn

TENIVPON PNONP MOYA MHIONN DY MPT MOV .5

DYTINN NYIDY ,NMINONN NNON : MNINNNIA (2DEG) »1010-1T ONIVPOR D o
YTRN-1T OIMNIVPON 1) X0DIAN DIPNN ,OMOPIVIN

DXMIYN MYNNINI MXNINN DY MNINN NOTIND MPT MIAIVAI VDY O
INONTY NP .OPONIDPVIIN

mMpT maovwa Field effect o
NDNOVY NP .MXIMNN DY OINIDPVLIAN DTN NPIPIYN MLIVN DY NP
LDINIVMD MINDNTY,MNIND , DX NN : NINNNY D91 HY MSINN DY SINODPLIIN DY)

mMNpn



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.
2.

Oxides as insulators in: silicon oxide in microelectronics
Oxides as insulators: high-k dielectrics, motivation, physics and technology.
Workfunction engineering in modern devices.

. 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, |. Cohen and J. Chen, Fundamentals of Signal Enhancement and Array
Signal Processing, Wiley-IEEE 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 :$99)383 9990 oW

English syllabus: 711255 'X¥1) 99133 929107 113,095 50 1y

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.

NNYPN MOIWN MY IPNHND N0 NN P> VITVEN HFIC NTayn 0P OIN2 1 ATNRY MNGIN
DY9YNY DPHIIMIN , KN PTI O = PRAY IMINN > VITIVON .NPTNY NPNPY NPVLINON
T MOIWN HY MMVPVIIINY DXANYN

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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Reinforcement Learning, Sutton & Barto, MIT Press 2018.
Bandit algorithms, Lattimore & Szepesvari, Cambridge University Press 2020.
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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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. Winter Semester 2017,/2018: System Aspects of Communication
Networks.
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Advanced topics in quantum optics for manipulation of quantum information
YOINP YR TIDYY HPVINP NPIVNIN DIRTPNND DINY)
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Advanced Topics in Quantum Optics
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The course will focus on topics of quantum optics that are of relevance to quantum information
processing. Specifically, the goal of the course is to reach a deep understanding of the principles behind
current implementations of photonic quantum computers and platforms for quantum-optics on chip.

There are several approaches for photonic quantum computation. We will learn their foundations and
compare between them. Specifically, we will begin with measurement-based quantum computation, the
KLM protocol and its improvements using quantum teleportation. A different approach is based on
nonlinear optics for implementing 2-qubit gates. A third approach is using post-selection to create
specialized quantum light states that are fault-tolerant (using bosonic codes). We will specifically review
approaches that utilize integrated on-chip quantum optics in photonic cavities.

Specific focus will be given to the experimental implementations of sources of quantum light, including
squeezed light sources, and older research of squeezed solitons and other areas on the boundaries
between traditional nonlinear optics and quantum optics.

We will also review the state-of-the-art in measurements of quantum states of light: from photon-number
resolved single-photon detectors to methods of homodyne detection (for both the optical range and
microwave range).

In addition, we will study the concepts behind continuous variables quantum information, Gottesman-
Kitaev-Preskill (GKP) states, and cluster states, as well as sources of possible errors, and photonic error
correction codes.

Given enough time, we will review recent discoveries in the field, and specifically boson-sampling
algorithm implementations, and advances in active components in silicon photonics. The course will
follow some of the recent papers in the field, including Xanadu's approach for quantum computing,
PsiQuantum recent publications on fusion-based quantum computation, and other ideas connecting to
surface codes.
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1. The student will learn and practice principles of quantum optics that are relevant for the
manipulation of quantum information. Special focus will be given to the creation of various
guantum states of light that can encode quantum information, and to the measurement methods
currently used in the field.

2. The student will develop tools to design protocols and specific implementations of information
processing using photons. The pros and cons relative to other implementations will be analyzed.

DOMP YN DY IXDI9NNY DMOVINTIN PVINP NPYONN KW NINIPY D390 T1rD TNRoNN .1
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MHNPN
e Rudolph, T., 2017. Why I am optimistic about the silicon-photonic route to quantum computing. APL

Photonics, 2(3), p.030901.

e Knill, E., Laflamme, R. and Milburn, G.J., 2001. A scheme for efficient quantum computation with linear
optics. nature, 409(6816), pp.46-52.

e Zhong, H.S., Wang, H., Deng, Y.H., Chen, M.C., Peng, L.C., Luo, Y.H., Qin, J., Wu, D., Ding, X., Hu, Y.
and Hu, P., 2020. Quantum computational advantage using photons. Science, 370(6523), pp.1460-1463.

e Killoran, N., Izaac, J., Quesada, N., Bergholm, V., Amy, M. and Weedbrook, C., 2019. Strawberry fields: A
software platform for photonic quantum computing. Quantum, 3, p.129.

e Arrazola, J.M., Bergholm, V., Bradler, K., Bromley, T.R., Collins, M.J., Dhand, I., Fumagalli, A., Gerrits,
T., Goussev, A., Helt, L.G. and Hundal, J., 2021. Quantum circuits with many photons on a programmable
nanophotonic chip. Nature, 591(7848), pp.54-60.

e  Online document by Rishabh Sahu, Linear Optical Quantum Computing (1997).

e Zhang, Y., Menotti, M., Tan, K., Vaidya, V.D., Mahler, D.H., Helt, L.G., Zatti, L., Liscidini, M., Morrison,
B. and Vernon, Z., 2021. Squeezed light from a nanophotonic molecule. Nature communications, 12(1),
pp.1-6.

e Vaidya, V.D., Morrison, B., Helt, L.G., Shahrokshahi, R., Mahler, D.H., Collins, M.J., Tan, K., Lavoie, J.,
Repingon, A., Menotti, M. and Quesada, N., 2020. Broadband quadrature-squeezed vacuum and nonclassical
photon number correlations from a nanophotonic device. Science advances, 6(39), p.ecaba9186.

e  Weedbrook, C., Pirandola, S., Garcia-Patron, R., Cerf, N.J., Ralph, T.C., Shapiro, J.H. and Lloyd, S., 2012.

Gaussian quantum information. Reviews of Modern Physics, 84(2), p.621.
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1.  Jain AK.: "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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Will not be given the year
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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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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Will not be given the year

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.
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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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Parallel and Multiprocessors, Interconnection Networks, Parallel Algorithms,
Performance Evaluation - Analysis, Simulation, Queueing Networks.
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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 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.

'n 2 D2AUNN NDTINT DINTPNN OINWIYY 048885
(MM 2)

YN 1N XY

2N NN MMOPLIIIN : NYYN 'R TOOND DXAVNN NOTINA DINTPNN DORVNIA YT ONP
N9Y )TYA cmos scaling. mM99¥1N2) DXAWNND NMNYIL PYINIWI 31 IVII : §7YN /N TODND
NPMY NN DY NDDINN MNN DY MPNN : §7YN 2 TVDND .MININ.

Will not be given the year

The Course Will Survey the Main Technological Developments in Computer Engineering.
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(m‘rw’?zz) AVYNN MII¥II 939190 048886
i

NIVN 1N XY

NINI YN IPNNRN TINND NYND 1N ,2VNN NMIDIYHN NODTHN DINNA DXIND) DXIINND NPD> ONPN
DY) 029 MM NININ 12357 NHDIDN NIIYND AWNNY MONMNN DY DY WHT .DMONIP DAVNIN
MO DINNA D¥922191 DIDIDNND DIPINND WX INNY ,INIPY D1 PYNINN YONd
sosp,osdi,pldi,pact,hpca micro,isca

: INYNNA ONPN NNYYN DY

.DINN2 IPNNN NTNA DXIINRNY GUN VITIVON .1

DNP 292 INIXM PRIYD MIPNN INRND DTN NOIN VITIVON .2
LDMNRND HY PNNPYA NINMIPA NDIN VITIVDN .3

Will not be given the year

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.

mo,nl MDIPON IPNNY NIan 048887
(MM 1)

VN IN XY

DNY MYD) NVPH IPNNPN PMINT NN MIPNN ININ DYPIVN DXOVITIVDY PONY DNPN NIVN
930 712N MY MNP NINSIN NV NAY D2 NN DNPN NNDNA SPNY IPNN DINN NN
VA DOVITIVDY TYPH DNPN .DXDN MI1AN DY IPNNT NN DINYN YIPDY MINNINN .NONPIIN
SV MNINKN MY DIMVLXN DXVITIVDIY ,IPNN NYNN WD DIVY NYN ININD DY MIYRIN
JPYURIN ANIND

DYMA) DMINNY WY IMNI ININY DIDN 12N DY MAIWM MIORY ¥I9N DMPNd MINNINN INND
970 4IVNNY NPT DINNIA

V2P IPNNN MMINN PHND DIXVITIVON NX NYN> ONPN

Will not be given the year

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
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Research Proposal, as Well as Excellent Students in the Last Year of Their BSc.
The Class Will Introduce Students to the Variety of Research Topics in the Electrical
Engineering Department.

n2 99N .N MY201) PYSPTA NIV 048888
(mmp> 2) D»99VDIP

D»9INVIP MYV PIEPIYI : AP Y92y DY

*

1 079 MY
IN DNINMININY DN MIANY NI

(N”7NT1) OMINI MIAN

1393 DYIYD

MNVIANM MNINM .PYNPIZAINPIVING NNY P2p DY T HY HHI T2 DOWNINN DMINVIIP NIYILN
MOWYN ,DOPNYNN NNNN MPAIV DD O HY DY TPN NIDN NNVIX MPYN NIN DINIPIVINY HY
NPVIFN ,NNVIRN DINNA DI NVNN NAVINY MIRY NN VYN ONOY NNVPVIIIND .7PAIMNMVNIPY ,MININ
: DINNA NPNYOYI NPONRIP MNIIN 19) PYNPIA IIPIVIS NN ONY D95 11199 NP DN
,N09Y0 191,179 MINXIYAY ONTIPONR/IIOND DTN DININP , MM NINN MNID 2129y NPIPNI

nN2N ,(POW) N2y NN2IN , D050 DIXVINY NPIPIIV D202 PYEPYA , DIVIPN NDDIAN TIE9IND
DPVIY PYEPITA NN NOPNN , VNN PIEPIA ,DPONIP DIV Myavn ,(PoS) nypwn

: (29NN ND) MYV 299 T1YON NN
D»HIMVIP MYV PYSPIYI—- NN .1

(2107 9791 NV VIO NINIPY — (event-driven) DOYIPN NODIAN MDD .2
.POW-2 mSHmMOLNN, 0N NN v random oracle 511 — (hash) )12y nospns .3
EC ,RSA — maxm NN Moo .4

—n— .5

UTXO 51 Bitcoin nPspyIv —onon on .6

Ethereum Virtual —omon ovn .7

DYONYP DOTIN NN IVINPI YN — POW DY PYSmYa1 omsnp .8

PYSPIDI MAPNM DI .9

NG, Hybrid, Byzcoin, Solida — ©7pnn Py8mva »mnanoN .10

Permacoin ,PoS — PoW N5 pyypoa (11

Hyperledger Fabric (permissioned) nw m pyspoa .12

zero-knowledge mnoym o390 — NPLIS .13

PN
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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TOMNPIRN MIODN D DINND .8

119199 NINSIN
DY M DMIINVIP NIYAVNI PYIPIZA IPIVINO MNIDY 1OND DIVIVTN DIDON DY MION
;9NN PN VITIVON DINPN INKY .DINN TPNDNIVN MIN

PYSPIVA DIPIVIIN DY NPVIN NNLVAX NMY .1

5552 DINNNPI VIV PYXPIDAONPIVIND DY DO MNTOY NN .2

PMAOY DI DY, PYSPIVA NOIWYN PONY .3

D210 DOWD NAOYNIN 118N 2990

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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P2IVWIN NN MNYIL DNTPNN DIRNY DX DYDY NDNDNL DXVITIVDY D) DIRNN ONPN
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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.

( ’ﬂzz) 199 959991 .1 MY N717Y Y /19) NNVANA 9990 048890
mMTP)

NPMY DTN DY MND) : 9PN BY

-

1079 MNNPN
PN

1999393 912D’
MOPN NN ININ MNINKRD ONYN ,222PN2 .0MDINH PN NMTINDN MNDINN ININ OINN MNYI
YR MAPNN .NPIDIATR MINDNT MIXPY MAPNN T DY D) MNYIA MLV 1NN Na
YY1 ION MAPNNI DY THDI DY N0 .APIY NTIHNY MODIANN MDIYND YW MIPNHND NNH MININ
2 TN 1IN AN MTTIINNN IIIT
PHDITN MIAPNN 292 OININ MNYI DV (NPVDN) MTNY NNIND MVY -
NN 79VWD NIV NPDNID NNDIN MVLIY Y MODINNDY DN MNYI OV NIX MUY -
DM NV DY MTNHYN NI
DN MNYI DY MTHRYN MIAND MYV -

2y 19N MLIVN MYITIN MDD DY, JNIN DIVNNNN DD DY TH2) , NPYYN MYLIYI 159N DN
DYIINN YY DDIAN IPNPDN .MNIND NPIPNND NPYIAD )T 1D 10D . MPHY DN MNYI N 1IN
.D¥972) DYOION

: NP
.NPMY NTNRY SY NN NNLVIAN YW 0INN D21 DIVIDN DIININND



53

: N0 DY DIVINNDD MNINT
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.

: 1999 MINSHIN
.NPMY NTNRY SY NN NNVIND NPYYN MVY NPNRY .1
PMNY NTRY OV NI NNVLIANA DY OMIPNNRN DVNND NION - .2

11280 2990
.N2OY9 MONNYM NN MIND DY DOAM PN

Y9N ©YPH oY

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.

2 POY71IN.N MININN =N99IN MY HNVAN 048891
(MM 2) mMoMnnY

:DTP MVAT
INI90 DXAVYNM N3 - 234267 IN D2AVUNN NN - 046267 e
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N MIANOVNY N1an - 104034 e

(799957 YNWI 9912 920INT 1N , 0979 50 1Y) H°93¥3 912D

NNLIAN XY THD NN KDY D)) NN MIINN DY AWNNA VIV NPTN DY , MNINNI DNV
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 PYNIIPNL DINTIHN 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 (PPDITPN NNON IPOYI) DMINDD KD NPYDLIDIDY VP
NINOT DINON TPYA .NPIVAINI TN MM MY IININ-NWY ,OINODY XD THN MITINND
NI IO YNV, DMVAIN VIVPINY TVINN IODIPRN DIVPOND PNISY TIPM , DNV NININD
DNV, D711 DMVAIN DIDD ,9) YNNI NPIRD-IN,D»IVNII TPEIIDINY NN ,(DINIIND)
.DMITH2Y NI YNV NPINA IVIDIV YININ TINON NPPVNN 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
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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
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Will not be given the year

The Course Will Include Advanced Topics in Microelectronics, According to the
Instructor’S Choice.
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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
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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.
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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
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Will not be given the year

In This Course Various Seminars Will Be Given According to the Interest of the Instructor.
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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)
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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.
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Will not be given the year

Advanced Course in Electro-Optics. the Topics Will Be Chosen According to the Interest of
the Instructor.
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s 0TI MWISPN
INNIINPNRN NN -046733

191290
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;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)
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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
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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)
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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 IVDND .NXINN DY IPIDY DINNN IPNN INYN POIVD MNIN TIDY DINNA OTPNN ONP
22NN MMHMNX TIDY : O7YYN /N JV0N0 OINTIND MNMX TIDY : 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.

n 2) MAvY .9 4 MMN 712y ©DTPNN OINWUI) 048940
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VYT VPN DY HO0MINI MNP T2 DY DOOVNNNM DINDNINONN DXVDNN NN PXNY NN DNPN NIVH
NYRIN PONN DI DPYN MY DNPY .NTIT2) N8I NIVMINI NHDIN DY TINK NN DY DV TNPH
S5 MMNX TIDY ,DIIN 1ND DYDY DINDNININI TRNNM MUN PONM ,DPOVNNINN MTIDN NN KD
MY NTINDY, 097

7919999 INYI
9INA DNV NNV NN

sNPN
Differential Geometry of Curves and Surfaces (2nd edition 2016), by M do Carmo, Prentice .1

Hall, ISBN: 0132125897

Algebraic Graph Theory, by Chris Godsil and Gordon Royle .2

Spectral Graph Theory, by Fan Chung

Spectral and Algebraic Graph Theory, preprint by Dan Spielman (available online: .4
http://cs-www.cs.yale.edu/homes/spielman/sagt/sagt.pdf)

Sandryhaila, Aliaksei, and José MF Moura. "Discrete signal processing on graphs." IEEE .5
transactions on signal processing 61.7 (2013): 1644-1656.

Shuman, David L., et al. "The emerging field of signal processing on graphs: Extending .6
high-dimensional data analysis to networks and other irregular domains." IEEE signal
processing magazine 30.3 (2013): 83-98.

Kipf, T. N., & Welling, M. (2016). “Semi-Supervised Classification with Graph .7
Convolutional Networks”, ICLR 2017.

w



64

Bronstein, M. M., Bruna, J., LeCun, Y., Szlam, A., & Vandergheynst, P. (2017). Geometric .8
deep learning: going beyond euclidean data. /EEFE Signal Processing Magazine, 34(4), 18-
42.

$ D799 NINSIN
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Y9IIND ©NPNH XYW

Geometric Data Processing and Analysis

English syllabus:

Geometric data processing and analysis is a fast-growing field with applications in a broad range of
fields. 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 data analysis, 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. Discrete geometric analysis:
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)
2. Continuous geometric analysis:
1. Metric spaces and manifolds (definitions, gradient, divergence, Laplacian, geodesic
distances)
2. The Laplace-Beltrami operator (spectral analysis and geometry, heat equation)
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 variants,
ISOMAP, Laplacian eigenmaps)

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

Functional maps, Koopman operator theory, DMD

6. GNNs and GCNss.

(9,

Learning Outcomes:

Each student will be able to: 1. Define fundamental terms in spectral graph theory and differential
geometry; 2. Apply geometric analysis techniques to high-dimensional data; 3. Implement (in
MATLAB/Python) algorithms for data embedding and dimensionality reduction.
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99010 NPYI .NMINTPNN NINAN NNYPM YN MOIWN NIY TN, NYI TYITP DY DOIPIVN
VNN NONX,NNVIAX ,MNYI DY DMWY DININNA DY TITP DY DIV DOYYN NMININD
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MNPN

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

2. Meédard, 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.

$ D799 NINSIN
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Network Coding (NetCod)
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English syllabus:

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%

L.

AR AR

Introduction, basic concepts and measurements in Information Theory
e Dbutterfly network

Network coding graphs: min cut and max flow bound
o finite fields

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

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

Learning Outcomes:

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.

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.

3 1DOWINYI HPYN NWN MANT MTIIN 048944
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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
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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.

n2 3 D'N990 NNMVYPNA DP9 048949
(MM 2)

MIVN IN XY

.048934 : XD MINPN: NIYN
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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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Measuring and sensing people using 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 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.

mn2 NN N NIPNVID YN NNYPH 048951
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sNPN
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
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Scientific, 1988. s.n. 2061877.
DOVIVN TENISPHN MIONN DIIND - .3

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).
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
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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.

Learning Outcomes:

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

N2 MNNM 92T MMN SV IN990 NP 048955
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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
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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

m2 4 ©22YNN 1’3 NNYPH MNYII BINWVI) 048962
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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.

mn2 DINVPOY MOUNI NNVYPH MIIyNI 048963
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NI MOIWYN MITION (NPT IN MDD NITO) NPRIPN YTRD MITO YINND XI1an ,DOWNNUN
LODINNN) NP

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).

mn 2 1 1099V MaTIVUN MINN 048964
(MM 2)

MIVN IN XY

NIYIAP PPIRY NIDIYNI DMPNPXLVLD XD MMN . DPINDD DXANIND .MNANIN NN - 17719 NPOIN
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.(frame theory ) NM1)©NN NNM NT>T2 wavelets NINNN .NNINDPOM NP¥Y wavelets NINN
.multiresolution -y ©»YH71MINNINX wavelets ¥0r02 .haar D02 .NIN) MNONY wavelets NMHION
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PTMN-IT NPDVITN NNNN wavelets NS .NTTND NPVINININ NPDVITN NN

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,
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and Prove Their Main Properties
3. to Implement (in Matlab) An Algorithm for Building Intrinsic Models of Synthetic and
Real Signals.

m2 MIIN NN ,NNII DINTPNN DINVYI 048972
(M 2) 2 NAYNIIN NN
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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. Alexeft,

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

rec. 2159756.
Recent literature.
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MM NPT HY SVNNNN DINNN PN NIV MIAN NNPNY NN N AN DY NIVNN
D902 NWHRNWNN NINK MY .[1-3] DININNI NININNDT MNNONNN TN ,DNNN DY NN
DMINN2 NPT HY XY NYTN MINNAND 12 19D) , NN N NDION [4] DNNN DY NHDIND NON
51w »mnT

MNPN

[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).

.DINNA IPNN YNID NIRNNN NN NPNNID INND DIANNWNN : NT2Y NINSIN

(N9 50% -2) NTIAYY NNIPINND NRNIN $1P8N 2290
Reflected diffusions and switches : $"9382 99990 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.

mn2 VININ.N NPAINY NY NNYPH MNYWAI D110 19N 048980
(MM 2)
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sNPN
Myerson, R. B. Game Theory: Analysis of Conflict. Harvard Univ. Press, 1991.s.n. 2151703

m2 79991 MHNVYIA 19290 9% 048982
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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 /NNNNA 1IN NN NPYIN 048983
(MNP 2)
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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
(MMP3 2) 0273592 1990 Uy YU0PaN 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.

'n 2 N ,MNYI ,NDT7ID2 NNV MVIY 048985
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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.
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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 DINYI) 048987
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Will not be given the year

The Course Will Survey the Main Topics in Energy for Electrical Engineering.
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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 dqo0
transformation, and applications of distributed control techniques in power systems. Students
will learn how to analyze systems and design specific controllers using Matlab-Simulink.
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List of Topics:

1. Power system dynamics — the quasi-static approximation

2. Time-varying phasors

3. The dqo transformation and its applications in power systems
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 MYITN DY OPHN NN DWO VPN YNID VITIVDN DIV NT MNI¥PN NNDNI
PO, NAPHN M0 NPPO : PO DOXVPMNN WY I NNDNA (NN ROY 20ON) #5NYN NOTINI
IR NION NN DI 9PPNA

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).

(MTPI 3) 990 93N 219999910 048991
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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

. Control Flow Analysis of Programs.

. Global Data Flow Analysis.

. Loop-Level and Global Optimization.

. Local and Global Register Allocation Techniques.
. Basic Block and Global Instruction Scheduling.

. Interprocedural Optimization.

. Memory Disambiguation Analysis.

. Instruction and Data Cache Optimization.

. Automatic Parallelization Techniques.
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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

m2 091N 0233193 0'Y) 048996
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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.
Two and Three Dimensional Structures. Systems of Finite Number of Identical Cells.
Radiation from Electrons Moving in Periodic Structures.
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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.
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DOVINY .MM MNYI NYa 7P td (lambda)-1 g-learning > NoN - PIvn 1 Yy 1o
M2 YPNYNI NNYPN MNYI ,NPO0IAN NI

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.
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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 9919 , TRX INDNND Hv NIPN NMINN ,OININND 5¥ VIVYY DIDD NY'NIT 10 D NWIN ,OXINNND NNOIP
NN

sMNPN
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DN ,90N2 .DYN OMIPMNIN DIRVIN MINARN MIIWNN DINNA IPNNN NXIND 1AWN> DXVITIVDN
DV NNYINN DX NN PAND PRI, D210 2PN PINRN DXANNI NN9Y ITNHDY ,1PMIPIA IRIP DN
.DINNA MY DY 2NN IWPNN TIN INNRD

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.
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Review of Updated Developments in Probability Theory and Random Processes.
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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.
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DTNV POVNNITVPIHN NN (00T YOVD) DN : DINIAN OMNINN MOIWMIPII DY DTN
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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.
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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 9990 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.
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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

mn2 09N DN JYW 19 NNV 049020
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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.

)1 2 DN MNVYI 049021
(MM 2)
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Will not be given the year
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Advanced Course in Electro-Optics. the Topics Will Be Chosen by the Lecturer.

m2 NVININI N*INYD NNVYPN 049023
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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.
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MOIWN .INDTN IRNYNI) VNIDINVN NRNWN DY DN L) I MDY DMVAN O¥ONNA
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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.
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tMHNPNI
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.
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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 NITIDTIN MNNPN Ny 049028
(MMM 2)

MIVN IN XY

MIN MRV NANIN,(DOWVINY TPNNON) TP MNNDNN ,PEDVIN MITIN - POPNN PNNNN
SINNN SY ONDDNIMN NEM PINDNMN PPD ,DOVYP DINVINNK DIV (DVINDYY 7PNINOT)
.DNTPNN DVIN DNV DINPIDA PNDNN- watershed , N INIININ NIV NIYVINIO

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.
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Will not be given the year

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.
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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
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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.

"2 4 NI8199I9N) NNVYPNA DINTPNN OINVI 049032
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Will not be given the year

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

n2 02225090 NNV NNIIMIYNY V9 )19 049040
(MMM 2)

NIVN 1IN XY
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NNYD MNNIMNON .NPNN 1A ra >HiP) Idpe Y 1P Ny TITPN NP0 DN DN NN
ldpc »1p M’ sum- product. DMINVONI ( message- passing ) MYTIN NN NON DPDVIVIN
bcjr on MO density evolution. MNXNWN MNP NI1IT YIDNY D1V ,OMINPA DNV
DIPINON HY MODIdNNN AXP N1NAY exit NNIPY ANV NP YW map NDN YVIVIN NNIYI)
NNYPNL DPDVIVIN NIV IRNININ NMNdAY DMWY, factor graphs »217070IN NNV
.PN19D

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 NDYIN Y19 7920V : NPT NPANY MNYA 049041
(MMP 2) ARAIAYA)

TN YN TIDY : NPNDP NPIANY MNWI -046041 : 9992 95NN

mn2 0221901 BIVID DITIVN 049042
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LDVMN DYWD DOYNINNDN DMNVID DIZHYN NN MHAND D1VHRNNN DIDIM MDPIDION DIDIAN
NN .OMVIN NVVY -390 P01 DIDIN DNPNIYM DMVNINN DAY DINN NPPD : DRV
D»DY0DAN DXVININD .(DNVIV-1I DI D257 DIINNA THPNIL) DMVAN DID) NINNY DNV
;23 72°9112 DXANWNN DM NINN D)) ,0MVAIN DNNND) DITNNN ,ND) O1VIIND DX2IVN HY
D»NONN 1) DN NN NIND -NPINNDYI (311D 1NN 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
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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.

n2 NYTVHIINN Y190 NOUINT 049043
(MM 2)

MY 1N NY

MNPNRY 0OPMIANDN DTN (V-T), AP THIND NN TN ( -V ), Mnwn TIND
03 =295 DNINON ,DPMIANDN MNPN DY MPINND NIDDININ NP NI YDV PSP
MY NPYAY MHHDIDININ NNAN 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 D25y DY Y110 NVINT 049044
(MMPy 2)
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arimoto- blahut. DNINON , MY -28P TIXPNVY DPNON DM, NNY -2XP TPNPNY DY NPDID2
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M) IV TITP MPAOV YN NONTD

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.

m2 023N MNMVPYVIIIN 049045
(M™PI 2)

NIVN 1IN XY
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NP TIT DPDNRYN NN PPOLIV DIONN ,ININTID NNN,MIDPDIND NPINIVPIND WDV
NPNPN,TPIVNNI NYPDI NMININD -1IVPION MIIWN , 2P DIDNNI NPLMP MTIPI ,NTNH2
DOVINIYI NMMININY NPINYN ,NPVLN NINON -)INI.

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.

m?2 NN NYIYIN MVIYI 51799 MV 049049
(M3 2) 2930

NIVN 1IN XY

PINAT,MTN? YON .ITNM PITN NYIN,NPINVIN MNXNYND NMYYNINI NPYI MO
DOV TONIN DMYYN DXMNI) DIND DXNN NP .OMDVITVIN OINID) NITYL INNVIM
D»TNN DMN2NN VY .0XNNN TIT 2YN .0INNM -ND) DINNN OMIVINIT DXONN N
NVYY .DMIVPINTI DMNONN D) X221 MOLYAN NNN MM .DMNVIY DIPID)
N1DIDY0 025N OINDNN PININ MAXX MOIONN .OMOPX9N MMNPNRN NVIY .OX0IMINN
NPINENINT 2IPP MLV .7PIXITNVII MOLOY . MNIND NXNND ML

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.

N2 1 NP2NIVPIHN 1992 DINTPNN OINW 049050
(MMM 2)

NIV 1N NY

INDN MY YAPY VAN DIADID .NNINN DY IPIDY DINNND NPNIVPIN I DNTPNN DINVY)
MO NOYIN MIIWYN : V’YYN /X TOVDND .DNPN I 12 TVDNDN 7Y DXINDIN Y TINIDD NTYNM
-YOAIN ) : §7UN 2 YVDND .OPNIVPON DNIPNNL MIDN NV : V’YYN 2 TVOND .NNPN
DYTHN-1T DMININ DY MDVNVIN NPINIVPIN

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.

m2 NAYNINN NP299)] DINTPNN OINVI) 049051
(MMP 2)
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MIVN 1IN XY

MY YIAPY VNN DIADPD .NAYMNNN NPIANN DINNA DXNTPNND DIRYNL PIDYY NPIPND ONP
0PN 1N 12 VNN MY DIINDI YTIDD NTYNN NXINND

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.

'ml,n2 NVINND NPINTVPIN-IVIIN 049052
(MTPY 3)
1 0P 95MN
ONP npun\apbx-wmm - 046052
"m4 NLYN Y9 MAIVIN NPNYa NTayn 049053
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1077 MWNPN
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MY TPAWIN NTNOD NP OHYA DXVPMID TIYY DVWPIANN DOVITIVDD NTYPH NTIVHN
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IPNN XY YIDN NIYNRT 2D NNIND MIYY NTIYNI VP9 NOMY D2 DID 92N NOITNL W

.NON 0NN

DINNA DIV 913NY 19 NIN

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.

nh W=

N2 112819999R N HMIN NPVOVVY NPIYIY 049054
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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



97

(Rem) and Phase Transitions in Coded Systems: Error Exponents from the Statistical
Physics Perspective: Additional Optional Topics.

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

©993 99NN
DYVAN DININ-NVNVI NPIVIF-NM - 046055
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(MMM 2)

$DINYVT MHIVISPN
DaVYNINND NP9 DNTPNN DINWN - 049051

LMY DD DTV DINNNT NNV — THN-NINA NNY NN DY DINNA DPNYIY DIININN TID)

$ DINWIIN NNIOIYA
MMPY NROXN ;NN NN MM XDIN NI ,DX2IWNN DN DN ,7I¥0IMD )PNT
J19) MOND

sMNPN
M90NN OMINNND
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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 (Mlc) Principle, Techniques for Error Correction, and High Level System
and Architecture Consideration.

m2 M99 NYYaY NavNIIN NNy 049058
(MM 2)

NIVN 1IN XY

71257 M1PT,0°000HD IND D) NIYNNND NTHNIDI NPYYNI M2DIN NPYL DY DMNNINNON) MIIND
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Will not be given the year

Theory and Algorithms for Complex Real-World Problems, in Machine
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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
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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.
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sNPN
[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] . Tal and A. Vardy, "How to construct polar codes," IEEE Trans. Inform. Theory, vol. 59, pp.
6562-6582, 2013.

: DAY NMINHN
VP TIP NIYADY PANNY ,)ONY DY VITIVDN

Polar Codes : TPYINI OV

: TYYINA D1IAYD

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 9oY D Y1129 -NIN NNV NN 049062
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(M99NMIV 1AD) NPIP DI PAYNHN DMNAY DXIANT YN MY MNIPY 11D
TPTHN-NoN NNSNY MYXNHI NPV NPIYN NP MYN MNIPY 1D
MNVN MY MNP MY NN DD

R 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.

m2 wop 2 DPONN IPNNI Y110 049063
(MTIPY 2)
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Memory Systems, B. Jacob, S. Ng, D. Wang, Morgan Kaufmann Publishers, 1% edition (2007)
$ 719199 NINSIN
SV 191N MAIYANRNDT NPVIDINM NPHNINIRD MPID0VN NN I VITIVDN DNPN DY NI DPDI
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Information in Storage Devices_ :51°93383 ©9pH oV

Svlibus :



102

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
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
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.

N2 Mav) NNNN T3 NPIPINY MUY 049064
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MNPN

1. 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 DYDA
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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.
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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
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sNPN
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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sMHNPN
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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