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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), 2Pl 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.
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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 misalignment
BEOL dielectric cracking

SM and SIV qualification

HCI=Hot Carrier Injection

Carriers' mobility; currents and voltages in MOSFET under operation: Vt, 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, PBTI;

Stress time and degradation saturation; NBTT 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;

Reliability characterization; JEDEC JP001 (1, 2, 3)

Examples for foundry physical reliability qual plan and results

Additional qualification needs (PID, DRV, CA, Cp/Cpk)

10

Reliability for Automotive;

10T, Automotive, connectivity. Examples for different Automotive applications
Different qualification requirements for Automotive;

Reliability for Automotive; Cumulative failure and life-time

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, 1ISO26262” ASIL, Safety Function’ Trace and tractability

11

ESD=Electrostatics Discharge,

ESD and Triboelectric; The (cost) impact of ESD; The level of voltage build-up, examples for
failures,

ESD Prevention and protection,
ESD Modeling; HBM; MM; CDM

ESD Protection; example

Refrences

Reliability and Failure of Electronic Materials and Devices, Milton Ohring, Academic Press

(1998)

Reliability Wearout Mechanisms in Advanced CMOS Technology (IEEE Press Series on
Microelectronic Systems, Alvin W. Strong et al., John Wiley (2009)

Up to date list of papers.

Expected Results

Fulfilling course requirements student is expected to be able to:

1.

Understand the different reliability mechanisms in CMOS devices,

2. 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 (MOS)

Detailed timetable:

18- 1 09:00 ~ | Course Introduction,
Sep'22 09:50 Introduction to Reliability and time degradation, (TAF, CAF, VAF), modeling
2 186950(; 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 ~ N . e
5 : Electromigration - testing and qualification;
13:50
6 14:00 ~ | Electromigration: Grain Size dependency, Alloys, Barrier metals and other

15:15 process related performances improvement, N7 and N5 BEOL solutions

15:30 ~ Electromigration: LT as function of Width and length, AC vs DC conditions; EM
7 1700 | scaling limitations.
) Stress Migration: Introduction

17:10 ~ | Stress Migration: void formation and growth; SIV modeling; Layout solution,

8 18:00 | double via solution; Stacked via sensitivity, effect of misalignment
10- 09:00 ~ Hot-Carrier-Injection: mechanism and modeling; DAHC (Drain Avalanche Hot
\ 1 o carrier), CHE (Channel hot Electron), SHE (Substrate Hot Electron), others;
Sep'22 09:50
Lucky Electron Model,
10:00 ~ | HCL: HCI degradation under worse case conditions in planar MOSFETs and

2 10:50 FinFETSs, qualification — measurement, analysis and modeling, Process solutions
' to reduce HCI: DDD, spacer with LDD implant, HALO/Pockets; Aging

3 | 11:00 ~ | Negative-Bias-Temperature-Instability: Degradation Mechanism and modeling;
12:00 | |nterface traps; The Reactive-Diffusion (R-D) degradation model, PBTI;
12:00 ~
4 13:00 Lunch Break

. NBTI: Stress time and degradation saturation; NBTI recovery; Dynamic NBTI;
13:00 ~ o Y i . )
5 13:50 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 11359506 Technology qualification: TEG, TQV, ELFR, Burn-In, HTOL, THB, 85/85
6 1&9?5" Technology qualification: TMCL, JEDEC JPOO1
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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The Objective of This Course Is to Train Students in Variety of Topics Which Are Not
Regularly Taught at the Faculty. the Course Will Typically Be Offered During the Summer,
Taught by a Guest Expert. the Course May Be Given in An Intensive Format, Consisting of 28
Lecture Hours Within Two Weeks. Specific Course Topics and Dates Will Be Published
According to Availability of the Appropriate Teachers.
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English syllabus:




Advanced course in computer networks and internet. App;ication layer:principles,DNS,HTTP and
WEB, P2P and client-server applications. Transport layer:TCP,UDP flow control, congestion control.
Network layer: Virtual LANs, IP,IPv4 addressing. Routing: principles and
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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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J.F Kurose & Keith.W. Ross, Computer Networking, A Top-Down Approach, Pearson 2010
ml,/n2 179.y 39N XY DTPNN UNP 1 DNPH oY 046006

(MM 3)

NNVPN Ma9¥1 3y REIC :37aun mva 99990 XUN

10TP MYIHT
DINVFZ7R D'72un - 044147

(mIn X7 Ym) 17 7 Ta CMOS na71wun n'7ayn - 046903

MR-AF e

JDMNY7-X7 naian oy CMOSa "o 1w 2y waT oy ,mMivpn nidwn? RF *7ayn 7w jiroxi ninn
,NTO 'T'TN ,I'TY 1TN2 0'227yn ,0770" T DYAI7IR DI9X 071 YTYN NNIVZVDIR 00PN 'RYI
DIYpn ‘2ayn? DNXR D'MTENR DD D00 WYY I'Yl NNN-DMZIan D'TInN
NIN90 170 21Y7 715" - VP'ND .7W191 NINNAIT DY NNDNA DAYINN DX PTNT7 1ITYNRY NITavn 7175 onipn
T 2y 1wt 0'2avnn nirx7meo L(' 121,00 / LNA ,poon naan /o ,PLL) RF "2 jax 7w aixi
.Virtuoso -1 ADS 7> ny j'va awnn

Syllabus:
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.

tNPN
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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The statistical inference problem. Background in probability. Statistical models and sufficient
statistics. Point estimation, the method-of-moments, maximum likelihood and error bounds.
Confidence intervals and the bootstrap. Hypothesis testing with a pair and multiple hypotheses.
Nonparametric hypothesis testing, goodness-of-fit and testing for independence. Linear
regression and Lasso

LEARNING OUTCOMES.:

The students will be familiar with the fundamental problems of statistical inference, and their
theoretical analysis.The students will be able to rigorusly plan a statistical inference method for
engineering problems and understand their limitations. The student will obtain necessary
background to advanced courses and research in statistics, data-science and machine learning.
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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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Will not be given the year
Topics: the Nervous System. Neurons and Synaptic Transmission. Simplified Models

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

Syllabus

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

THE TOPICS ARE THREE-PHASE CIRCUIT TRANSFORMERS, SYNCHORONOUS GENERATORS,
TRANSMISSION LINES, PHOTOVOLTAIC SOURCES, INTRODUCTION TO POWER ELECTRONICS, POWER
FLOW ALGORITHMS, ECONOMIC OPERATION, AND AN INTRODICTION TO POWER SYSTEM DYNAMICS
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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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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 : 5993383 99990 oY




English syllabus:

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

Learning Outcomes:
The students will learn the design principles of nano-photonic devices for sensing, imaging,
communications etc. In this respect, the students will be acquainted with:
1) The electromagnetic traits of materials, required for nano-photonic devices, and how to
engineer them,
2) Unique electromagnetic phenomena in nano-photonics (such as surface plasmons).
3) Current and future uses for nano-photonic devices.
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The Drude Theory of Metal. the Sommerfeld Theory of Metals. Crystal Lattices. the Reciprocal
Lattice. X-Ray Diffraction. Electron Levels in Periodic Potential. the Semiclassical Model of
Electron Dynamics. Homogeneous Semiconductors. Classical Theory of the Harmonic Crystal.
Quantum Theory of the Harmonic Crystal. Mobility and Electron Scattering Processes.
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2. Razavi, B. Design of Analog CMOS Integrated Circuits. McGraw-Hill, 2001. s.n.2227194
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1. R.Van De Plassch, CMOS integrated analog-to-digital and digital-to-analog converters,

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

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

Elect. And Comp. Eng. 1994
4. |EEE 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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e 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,
AMLbook, 2012.

NV ONTPNN



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

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

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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1. Jain, A. K. Fundamentals of Digital Image Processing. Prentice-Hall, 1989. 5.n.2065704

2. 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.

41 ed., McGraw-Hill, 2002.

s.n. 2240547 — 4" ed., 2002.



s.n. 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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2 TIIYY 190
D. Bertsekas, Dynamic Programming and Optimal Control, Vol.1 (3" ed., 2005), Vol. 2 (4" ed., 2012),
Athena Scientific.
(YY) NY 90
S. Russel and P. Norvig, Artifical Intelligence — A Modern Approach, 3" ed., Prentice-Hall, 2009.
S. LaValle, Planning Algorithms, Cambridge, 2006.
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Analog Communication Course Overview-Compiled by prof. M Nazarathy

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

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

Introduction to coding for noisy channels (2 hours)

Linear block codes introduction, with background material in group theory (4 hours)
Syndrome decoding and the standard array (2 hours)

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

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

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

The BCJR algorithm for recursive convolutional codes (2 hours)

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

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

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

probabilistic performance analysis.
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MNPN
1. Lin, S., Costello, D.J. Jr. Error Control Coding: Fundamentals and Applications.
2" ed. Prentice-Hall, 2004. s.n. 2258968.
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. 5.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.
6. 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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MNPN
1. Silberschatz, A., Galvin, P.B., Gagne, G. Operating System Concepts. 7" ed.
Wiley, 2005.
s.n. 2268680 — 7" ed., 2005.



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

Deep Learning with PyTorch, Vishnu Subramanian, Packt, 2018

Deep Learning, lan Goodfellow, Yoshua Bengio, and Aaron Courville, MIT Press, 2016
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Deep Learning : 51993383 990 oW

English syllabus:

We will learn theoretical and practical tools to build, design and analyze deep networks, with an
emphasis on supervised learning. For example, properties and covnergence of gradient desecnt and its
variants, efficient differntiation, multilayer nets (approximation and symmetry), convnets (and
extentions) for visual tasks, training methods and their analysis, networks for serial data, and pre-
training.

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



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

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.

sNPN
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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The course introduces basic tools in control, planning, and perception essential to the
deployment of modern mobile robots in the real world (e.g., self-driving cars and autonomous

drones) .

Control: motion equations of mobile robots, open and closed loop methods.
Motion planning: Geometric, differential, and optimal methods.

LEARNING OUTCOMES:

1 .To derive the motion equations of a given mobile robot and design fundamental closed-loop

control laws.

2 .To develop motion planning methods for a given robotic system.
3 .To develop estimation and localization methods for the robot.
4. To run those algorithms via ROS and the simulator.
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Robot Modeling and Control (2nd Edition) :990n ow
2020 : NN MY Wiley :5mn
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Robotics: Modelling, Planning and Control : 1900 ow
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Probabilistic Robotics : 7900 ov
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1. Collin, R.E. Foundations for Microwave Engineering. 2" ed. IEEE Press, 2001.

s.n. 2268714, 5.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.

:MNPN
1. Pierret, R.E. Advanced Semiconductor Fundamentals. 2" ed. Prentice-Hall, 2003.
s.n. 2248908 - 2" ed., 2003.
s.n. 2067323 — 1%t ed., 1987.
2. Streetman, B.G., Banerjee, S. Solid State Electronic Devices. 6" ed. Prentice-Hall, 2006.
s.n. 2274392 - 6" ed., 2006.
s.n. 2216624 - 5" ed., 2000.
3. McKelvey, J.P. Solid State and Semiconductor Physics. Krieger, 1984. s.n. 213434, s.n.
2001625.
4. McKelvey, J.P. Solid State Physics for Engineering and Materials Science. Krieger, 1993. s.n.
2229416.
Smith, R.A. Semiconductors. 2™ ed. Cambridge Univ. Press, 1978. s.n. 227995.
6. Sze, S.M. Physics of Semiconductor Devices. 3" ed. Wiley, 2007.
s.n. 2284483 — 3 ed., 2007.
s.n. 205744 — 2™ ed., 1981.
2279420

o

'l /N2 90°9 .9 091PNHN DINIVPIN DPNHN 046230
(M7 3)

VN 1N NY

,0°7PNN 0MNVDINIV : DY DNPNN DN VIV , D727 DINNX DY NN NIPY
DNVDIIV 12192 NVDIIV DY NOIWIN MNIPY DY NIIN .0 ,MA) PODNY DXNVDINIV
.mpact ionization NYSHN .NPID70 YODIAN DINWIY PADN YNVDITIV 27N NNIX DY DMINP2
VINY .cmos Y0DIN DPNRY DXWTN NI NPNN .0IVNM TAIP NPIDPD DNVTN NNNND DN
.DNIPNN NMIONIDI

: VITIVDN : NNYXNA ONPN NROWYN DY

.DNYY N2WAN PIPY NN 122 NMINJAL IN ¥INIYW DIRKNI) CMOs DPNRY DPNIVPON DNIPNN P .1
.DNIPNN NYNODID NIDINA WHNYND YT .2

AONR DNOPNND NPVINDIN NPIPDYA MYNIN NI YT P’ .3

will not be given the year

Principle of Operation of Heterojunctions and Their Applications: Fast Transistors, Power
Transistors and Lasers. Review of Principle of Operation of Bipolar Transistors.
Heterojunction Bipolar Transistor. Silicon Power Devices. Physics of Impact lonization. New
Semiconductors- Silicon Carbide and Diamond. New Non-Cmos Memory Technologies.
Device Simulation Software.

At the End of the Course, the Student Will:

1. Get Acquainted with and Understand the Principle of Operation of Current and Emerging
Non Cmos Electron Devices.

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

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

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

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

The course topics include:

VLSI Design — introduction + future prospects.

Scaling, Modeling & Delay models.

CMOS Manufcturing process.

Layout

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

Dynamic Logic

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

Low power Design & Voltage Scaling

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

Semiconductor Memories.

sNPN

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

Wesley, 2005.

s.n. 2273032 — 3" ed., 2005.

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

s.n. 2264129 — 2" ed., 2002.

s.n. 2207265 — 1% ed., 1996.

w3 04 2 2501 . APNIVPIN NG NTAY 046239
(M 3)

1 09P MYIIT
NNNND DN NPNN MTID? 044127 IN D NNNND DIDIN NPNN MTID 044125

2 99910 WISPN
NONOV-2 12 NTAVN 046233

.DMNPOM DININ DY DIODIANN DPNIVPON DYDY IWPNAOWYN YT NNPNY NTIVHRN NIVNH
S NVONIIV NDN OMINPIIN ONPNN DY N2W NINIPY : IDIN NTIVNN
29910 XM NNIYAN IN NV NTYT



( 'nl r’ﬂ;) O3 N 09991 -9Y ©1VINP BNPNN 046240
MNP

DT MNNPN
(115203 N 046241)

191993y 912’0
0»OVMP 0V (SQUID) 79m-5y >omp mdarnn jpnn , JOSEPHSON nms ,LONDON 51

.BCS 51 ,,mivw msvomp ,0099mn-5y (QUBITS)
1 D TNY NN

MO9M-5yn nyon man.l
.DYNI-HY OOVMP DY HY TN MLV TIND.2
.DY2’19-0y DNPNN DY MODDIANT PVMP YT TIYY MOIYNI 190N DY NN NINIPY Man .3

$IPIINY DAYV
LONDON MODEL, JOSEPHSON JUNCTION, SUPERCONDUCTING QUANTUM
INTERFERENCE DEVICES, QUBITS, SECOND QUANTIZATION AND BCS MODEL.

LEARNING OUTCOMES:

1. UNDERSTANDING THE PHENOMENON OF SUPERCONDUCTIVITY.

2. GETTING FAMILIAR WITH MODELING OF SUPERCONDUCTING QUANTUM
CIRCUITS.

3. UNDERSTANDING THE FUNCTIONALITY OF SYSTEMS FOR QUANTUM
INFORMATION PROCESSING THAT ARE BASED ON SUPERCONDUCTING
DEVICES.
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Topics: Hamilton’S Formalism of Classical Physics, Lagrangian and Hamiltonian, Hilbert
Spaces, the Displacement and Momentum Operators, Quantum Dynamics, Harmonic
Oscillator, Angular Momentum, Spin 1/2, Thermal Equilibrium, Time Independent
Perturbation Theory.
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1. A. H. Beck, Statistical mechanics, fluctuations and noise, Edward Arnold Pub., 1976.
2. C. Kittel, Elementary statistical physics, John Wiley & Sons, 1958.
3. F. Reif, Fundamentals of statistical and thermal physics, McGraw-Hill, 1965.
4. F. Mandl, Statistical physics, John Wiley & Sons, 1971.
5. M. Kardar, Staitstical physics of particles, Cambridge University Press, 2007.
6. R. K. Pathria, Statistical mechanics, Elsevier, second edition, 1996.
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Basic Wave Properties (Review). the Approximation of Geometrical Optics: the Luneburg-
Kline Approach. Ray Tracing. Geometrical Theory of Diffraction. Applications at Optical and
Microwave Frequencies. the Approximation of Physical Optics: Scalar and Vector Theories.
the Kirchhof and the Rayleigh-Sommerfeld Assumptions. Spectral Superposition of Plane
Waves. Fraunhofer and Fresnel Diffraction. Beams. the Principles of Fourier Optics and Its
Systems Analogy. Fourier Properties of Thin Lenses. Spatial Filtering. Optical Data
Processing. Holography. Partial Coherence: Basic Principles.
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Optical signal processing: coherent optical fourier transform and imaging. Holografhy 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.

sHNPN



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%t 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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1. Balanis,C.A. Antenna Theory: Analysis and Design. 3 ed. Wiley, 2005.

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

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

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

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

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

English Syllabus

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

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

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

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

Learning Outcome

1. UNDERSTANDING THE IMLICATIONS OF TECHNOLOGY ON DIFFERENT SYSTEMS.

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

3. PRACTICAL KNOWLEDGE IN CIRCUIT DESIGN WITH MEMRISTORS.

4. UNDERSTANDING THE IMPLICATIONS OF MEMRISTORS ON COMPUTER ARCHITECTURE.

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

Tentative Syllabus

1 Background and theory

2 Device theory

3 Device modeling

4 Device physics and fabrication
5 Memory

6 Memory

7 Logic circuit design

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

12 Information and coding theory
13 Security
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English syllabus:

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

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

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

PN
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.

MNPN
Hennessy, J.L., Patterson, D.A. Computer Architecture: A Quantitative Approach. 4" ed., Morgan

Kaufmann, 2006.
s.n. 2285679 - 4" ed., 2006.
s.n. 2243749 — 3 ed., 2003.
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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.

sNPN
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. s5.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 — 3" 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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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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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°9»x3 oMpn ov

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


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

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

The course grade will include the grades for the home assignments, the final project and an
exam.
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CORRECTNESS GUARANTEES FOR SOFTWARE_N2)IN3 9991 oV

English syllabus: 491%Y 'X¥ 90132 9*9109 1123 , 099919 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 Outcomes:

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/0 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 Outcomes:

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

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

3. Narayanan, Bonneau, Felten, Miller, Goldfeder. Bitcoin and Cryptocurrency

Technologies. Princeton, 2015.



4. Costan, Victor, and Srinivas Devadas. "Intel SGX Explained." IACR Cryptology ePrint
Archive 2016.086 (2016): 1-118.
5. Papers on recent topics
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Introduction to Cybersecurity : n’9)xa 9990 ow

English syllabus:

Security is a critical element in the design of modern computer systems from servers, to
mobile devices, vehicles, and 10T. This course will provide the basic tools to reason about,
develop, and analyze computer systems security. Topics include: principles (security policies,
threats, vulnerabilities), cryptographic tools (definitions, symmetric-key, public-key,
cryptosystems, DH key-exchange, hash functions), authentication (human, machine),
authorization, privacy (anonymity, differential privacy, web), security with game-theory
(blockchain, proof of work, proof of stake), secure hardware (Trusted execution
environments, e.g., SGX and Trustzone), confinement Problem, information flow, hardware
side-channel attacks and mitigations (cache timing attacks, power channel attacks, speculative
execution attacks, Rowhammer).

Sources:

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

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

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

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

5. Papers on recent topics

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

Grading:
e 75% exam

e 25% homework
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English syllabus:

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

Students who complete the course successfully will be able to:

e Define basic components of the behavior of neuron

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

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

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

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

sMNPNI
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. lzhikevich, E. M. Dynamical Systems in Neuroscience: The Geometry of Excitability and
Bursting. MIT Press, 2007. s.n. 2286471.
Weiss, Thomas Ficher. Cellular Biophysics. MIT Press, 1996. s5.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.

:MNPN

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. 20084609.

5. Gregory, R.L. 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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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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1. Agrawal, G.P. Fiber-Optic Communication Systems. 3" ed. Wiley, 2002,

s.n. 2244782 — 3" ed., 2002; s.n. 2270292 - 3" ed. (e-text); s.n. 2186709 — 2" ed., 1997.
2. Agrawal, G.P. Nonlinear Fiber Optics. 4" ed. Academic Press, 2007.

s.n. 2289576 — 4" ed., 2007; s.n. 2231878 — 3" ed., 2001.
3. Kazovsky, L.G. Benedetto, S., Willner, A. Optical Fiber Communication Systems.

Artech House, 1996. s.n. 2177314
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Computer Graphics and Its Applications: Input and Interaction, Raster Graphics and Scan
Conversion, Quantization, Image Models and Composition, 2 and 3 Dimensional
Transformations, Curve Representation Hidden Surface Removal, Color Models and
Shading.
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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
guantum 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.

2. McEliece, R.J. The Theory of Information and Coding. 2™ ed. Cambridge, 2002.
S.Nn. 2245321 — 2™ ed., 2002; s.n. 1996 — 1%ted., 1977.

3. Cover, T.M., Thomas, J.A. Elements of Information Theory. Wiley, 2006.
s.n. 2287372 - 2" ed., 2006.  s.n. 2114535 — 1%t ed., 1991.

=

4. Csiszar, ., Korner, J. Information Theory: Coding Theorems for Discrete
5. Memoryless Systems. Academic Press, 1981.s.n. 227751.
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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

159NN ©IADID
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.

PN

1. Mitra, Sanjit K. Digital Signal Processing: a Computer-Based Approach. 3™ ed. McGraw-Hill,
2006.
s.n. 2279543 — 3" ed., 2006; s.n. 2224858 — 2™ ed., 2001; s.n. 2206285 — 1% ed., 1998.

2. Proakis, J. G., Manolakis, D. G. Digital Signal Processing. 4™ ed. Prentice-Hall

International, 2007.

s.n. 2280099 — 4" ed., 2007; s.n. 2169878 — 3 ed., 1996; s.n. 2120537 — 2" ed., 1992,

Porat,B. A. Course in Digital Signal Processing. Wiley, 1997. s.n.2176340.

4. Burrus, C. S., Gopinath, R.A. Guo, H. Introduction to Wavelets and Wavelet Transforms: A
Primer. Prentice-Hall, 1998. s.n. 2191703.

5. Oppenheim, A.V., Schafer,R. W. Discrete-time Signal Processing. Prentice-Hall, 1999. s.n.
2201420.
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The course is an advanced digital signal processing course. The course provides knowledge in the
following topics:

- Quantization and noise model

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

- Overflow prevention and secure filter stability.

- Non Parametric spectrum estimation — periodograms.

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

stage implementations.

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

- Uniform filter banks

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

- Wavelet analysis, Multi resolution analysis.
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1. R. Szeliski, Computer Vision: Algorithms and applications, Springer, 2010.
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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.n.25928.
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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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Elements of Laser Physics. Overview of Main Ingredients, Characteristics and Applications of
Semiconductor Lasers. Detailed Analysis of the Interaction of Electromagnetic Fields with
Semiconductors: Radiative and Nonradiative Processes and Gain Mechanisms Under Injection.
Bulk and Quantum Structure Based Lasers. Rate Equations for the Laser. Optical Structures
Embedded in the Semiconductor Laser Resonators, 2D Waveguides, Gain Guiding, Mirrors
and Distributed Periodic Structures Including Coupled Mode Theory. Dynamic Solutions for
Small and Large Signal Modulation: Modulation Bandwidth and Relaxation Oscillations
Resonance, Turn-on Delay, Frequency Chirping, Importance of Transport Effects. the
Caracteristics of Several Types of Lasers.
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1. Hennessy, J. L., Patterson, D. A. Computer Architecture: A Quantitative Approach. 4" ed. Morgan
Kaufmann, 2007; s.n. 2285679 — 4" ed., 2007; s.n. 2243749 — 3" ed., 2003.
2. Hennessy, J. L., Patterson, D.A. Computer Organization and Design: the Hardware/ Software
Interface. 4" ed. Morgan Kaufmann, 2009.
s.n. 2300073 — 4" ed., 2009. s.n. 2263805 — 3rd ed., 2005.
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Transmission-Line Basics, Terminations, Noise in Digital Systems, Power Distribution, Power

Planes, Vias, Clock Distribution, Signaling Conventions in High Speed Systems, Measurement
Techniques, Cad Tools.
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1. Breiman, L. Probability. Addison-Wesley, 1992. 5.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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1) G. De Micheli, "Synthesis and optimization of digital circuits”, McGraw-Hill, 2003.

Auxiliary books:
2) G.D. Hachtel and F. Somenzi, “Logic Synthesis and verification algorithms”, Kluwer
academic publishers, 1996.
3) S. H. Gerez, “Algorithms for VLSI design automation”, Wiley, 1999.
4) Leiserson, Charles E., Ronald L. Rivest, and Clifford Stein. Introduction to
algorithms. Ed. Thomas H. Cormen. The MIT press, 2001.
Current literature.
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The course deals with formal hardware verification, combining theory and advanced real-life
use, emphasizing principles and methodologies to overcome t theoretical limitations of formal
methods. The course material includes an introduction to chip design and hardware
verification, exploration of formal verification algorithms and search engines, use of temporal
logic and SVA, reduction methods, formal applications for IP and SoC designs, logic
equivalence and coverage, security specifications and verifications, machine learning in formal
verification.

LEARNING OUTCOMES.:

1.With the completion of the course, students will be able to use the learned ideas and concepts
of verification, especially in formal verification. The students will deeply understand different
applications and modern tools used in industry and with advanced verification methods. The
knowledge acquired in the course will serve as an excellent basis for research and development
of verification tools and methods.
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The class objective is to introduce the breadth of research areas at the department, and to help
students who consider a M.Sc. degree to choose their own future research field.

Every week, two faculty members will give short lectures overviewing the topics of their
current research. The lectures will be followed by a discussion with the lecturers.

The course is intended for students in the first year of their M.Sc., before submitting a research
proposal, as well as undergraduate students with average grade above 83 and over 100
accumulated credit points

LEARNING OUTCOMES:

At the end of the course, students will:

1. Become familiar with faculty members

2. Be aware of research areas and research methods

3 .Have experienced digesting research presentations and reading professional publications
4. Have experienced critical reviewing of research talks and papers.
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Passive components. Mos devices in rf. Transmission lines. Smith charts. S-parameters.
Desigh of power gain networks. Stability. Rf cmos amplifier design. Tuned amplifies. Noise
sources. Low noise amplifiers. Non linearities and distortion. Mixer fundamentals. Passive and
active mixers.
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Lee, T. The design of CMOS Radio-Frequency Integrated Circuits. 2™ ed. Cambridge University
Press, 2004. s.n. 2263836.
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.
Davis, W. A., Agarwal, K. Radio Frequency Circuit Design. Wiley, 2001. s.n. 2298638.
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1) G. De Micheli, "Synthesis and optimization of digital circuits"”, McGraw-Hill, 2003.

Auxiliary books:
2) G.D. Hachtel and F. Somenzi, “Logic Synthesis and verification algorithms”, Kluwer
academic publishers, 1996.
3) S. H. Gerez, “Algorithms for VLSI design automation”, Wiley, 1999.
4) Leiserson, Charles E., Ronald L. Rivest, and Clifford Stein. Introduction to
algorithms. Ed. Thomas H. Cormen. The MIT press, 2001.
5) Current literature.
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Analog design methodology based on feedback control of every important parameter in the
system.Stability of the resulting multiloop system. current mirrors with unmeasurable high
output impedance; transconductors with wide input range, any load-stable LDOs with instant
load regulation. Structural design methodology, practical frequency compensation, Bandgap
voltage references, Operational amplifier speed, accuracy and consumption improvement.

At the end of the course the students will know the fundamental issues in analog circuit
design and will have the ability to perform circuit design, including analysis of circuits such as
bandgap voltage references and operational amplifiers
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1. 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.

6. Santos, H. J. Introduction to Microelectromechanical (MEM) Microwave Systems. Artech House,
1999. 5.n.2217323.
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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 CMOS). 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.
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Michael A. Nielsen & Isaac L. Chuang :Janpn ov |1
Quantum computation and quantum information :79071 OV
Cambridge : Cambridge University Press 2N
2010 : TINSYN OV
ND ;12N

Christian Weedbrook et al :92NNN DY | 2
Gaussian quantum information 790N OV
REVIEWS OF MODERN PHYSICS :20
2012 : INSY OV
ND ;12N

Mattia Walschaers :92NNN DY | 3
Non-Gaussian Quantum States and Where to Find Them 799N DY
PRX QUANTUM 2N
2021 : INNY MY
ND ;12N

Samuel L. Braunstein and Peter van Loock 192NN DY (4




Quantum information with continuous variables : 790N OV
REVIEWS OF MODERN PHYSICS 191N
2005 SINSID MY
ND : 72N
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Modern quantum computing

English syllabus:

The course will provide a rigorous presentation of topics in quantum information processing
and quantum computing that are of relevance to the various approaches for modern day
quantum computers.

We will begin the course by studying the concepts behind discrete variable quantum
computing, talking about, e.g., qubits, gates, and universality. Then we will do the same for
continuous variable quantum computing, learning further relevant concepts such as phase
space representation and the Wigner function. For both cases, we will review and discuss
specific physical implementations.

Next, we will learn about Gaussian quantum states. We will review different types of these
states and also learn about Gaussian operators. Then, we will talk about non-Gaussian
quantum states. We will mention different types, compare them to Gaussian states and discuss
the topic of quantum correlations.

Next, we will learn about quantum coding. We will start with bosonic codes, such as the
binomial, Cat and GKP codes. Then we will dive into the important topic of quantum error
correction codes. We will discuss the effects of bit flip and phase flip, learn about Shor code,
concatenated codes, and stabilizers.

At the end of the course, we will learn about cluster states and surface codes as error
correction codes on cluster states. Finally, we will discuss the topic of measurement-based
guantum computation in comparison to gate-based quantum computation.

Learning Outcomes:

At the end of the course, the students will:

1. Become familiar with the basic concepts behind the various implementations of modern day
quantum computers.

2. Understand the challenges in designing these quantum computers and will be proficient in
the variety of different tools developed to overcome them.

3. Be able to join a research group or a company that works on quantum computing.
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Computational Photography 59382 9990 oV

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

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

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

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

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

of computational photography.
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Geometric data processing and analysis is a fast-growing research direction with applications in
a broad range of fields. It is based on classical areas such as differential geometry and harmonic
analysis, while current applications involve contemporary topics such as geometric 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 emerging
related applications.

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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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

1079199 NINSIN

YN DMIMIN T2 DIV HY Y21V DY OO THMN-TT DMININT PIRYN IPNN NNONN MNINND DNIVA
JDORN-9T N MVUP) YHN MOV A ODIN PIN NAOWH TINA AWpN 012 DN YW Nhavnb Dyo»y
NPINOND ,NPYRYNN ,NPOPIDIN DIPMNIN NN NPNY NPTIIN-YT MDY DN 8D 1N )00
99 DTIP DWNNY 7PN NP ROY DONIN DIPNNY ANT) 10 DPD DMNNND YN DMININ .NPVIINM
IPNNA DNYY DOWVINOWN YY) DNV NINVN 1PIRT MVIY DY 1IN DXIDIN DY D) DNPN ToNNa
MRXND NN NMIDY AN 1) DINNA MNWIYN IPNNAY YTINN VITIVDN ONPN DA .NPYYNI)
.DINN2 MNTPNNN

N1 NN NN 70% ,5°2 599399 30% :)1P8N 2990

Carbon Nanotubes Graphene and van der Waals Materials YN DNPN DY

English syllabus: 411555 'xw 90133 999105 1093 ,09990 50 9y

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,” IEEE Trans. CAD9, 1141 (1990)

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

R. Lake, S. Datta, “Energy balance and heat exchange in mesoscopic systems,” Phys. Rev. B 46,

4757 (1992)
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Energy Dissipation in Electronic Devices : 51992383 99pH 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 Outcomes:
After the successful completeton of the course:

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

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



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

4. The students will know how to perform thermal analysis of the device, including
the development of a basic thermal model.
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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 : 599383 999 oV

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.
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Advanced Topics in Robotics: Multi-Robot Systems

English syllabus:

This course will be given in a seminar format. We will explore recent work on multi-robot systems, with an emphasize
on algorithmic aspects in coordination, planning, and control. Theoretical topics would be considered as well as
practical considerations in the context of autonomous driving, smart mobility, drone networks, and warehouse
robotics.

Learning Outcomes:
1. Familiarity with research areas, methods, and tools in multi-robot systems.




2. Develop skills in evaluating and critiquing research papers.
3. Develop presentation skills.
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Solving Classification Problems Using Multi - Layer Neural Networks (Nn) Practical Aspects
of Implementing Nn Systeams, Including Parallel Computing on Multicores and Gpus Program
Optimization and Parallelization for Distributed Systems. Introduction to Machine at the and of
the Course the Students Will Know:

1. Parallel Computing for Multicores and Gpus.

2. Methods for Performance Optimization.
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Topics Will Be Selected from the Following: Communication Channels, Bandwidth Efficient
Modulation and Demodulation Techniques.
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Be Concerned with Advanced Topics of Current Interest Which Lie Within the Research
Interests of the Teacher. a Detailed Outline Will Be Provided by the Lecturer and the
Graduate Studies Committee Prior to the Semester in Which the Course Is Given.
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Advanced topics in Machine Learning 2_1°9)383 9990 oW

English syllabus: 411259 'X¥13 99133 999109 1973 , 09991 50 4y

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 Outcomes:

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)

Jain, Prateek, and Purushottam Kar. "Non-convex Optimization for Machine

Learning." Foundations and Trends® in Machine Learning 10.3-4 (2017): 142-363.
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.

Bubeck, Sébastien. "Convex Optimization: Algorithms and Complexity." Foundations and
Trends® in Machine Learning8.3-4 (2015): 231-35
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Advanced Optimization Methods for ML :n°93ix3 02197 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 Outcomes:

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 : 599383 o990 oW

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 YYYY. 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.
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= Chapter 1: E.H. Nicollian, J.R. Brews, “MOS (Metal Oxide Semiconductor) Physics
and Technology”, Wiley (1982). Chapter 13

= Chapter 2: J. Robertson, R. M. Wallace, Mater. Sci. Eng. R Reports 88, 1 (2015).

= Chapter 3: R. L. Puurunen, J. Appl. Phys. 97, 121301 (2005)

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

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

A.M. Haghiri-Gosnet and J.-P. Renard, J. Phys. D. Appl. Phys. 36, R127 (2003)
= Chapter 5:
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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)
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).
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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Will not be given the year

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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Will not be given the year

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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Will not be given the year

Model Representations. Guided Waves and the Transmission Line Analogy in Open and
Closed Structures. the Dispersion Relation. Green’S Functions and Their Classification.
Guidance and Radiation Properties of Stratified Structures. Alternative Representations and
Characteristic Green’S Functions. Integration in the Complex Plane: Asymptotic Techniques,
Singular Contributions and Their Geometrical Interpretation. the Geometrical Theory of
Diffraction (Gtd): Edge and Vertex Diffraction, Creeping Waves.
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Basic Concepts in Statistical Estimation. Stochastic Systems Models. the Wiener Filter. State
Estimation in Linear Systems: Kalman Filtering. Smoothing and Prediction. the Extended



Kalman Filter for Non-Linear Systems. Particle Filters. Multiple Model Estimation.
Introduction to Systems Identification. Hidden Markov Models. the Em Algorithm.
Applications to Navigation, Tracking, Signal Processing, Speech Identification, Computer
Vision and Neural Networks.
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1. J. Benesty, I. Cohen and J. Chen, Fundamentals of Signal Enhancement and Array
Signal Processing, Wiley-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 ::°9)3x3 9990 oV

English syllabus: 111359 'xv1 99133 999109 193,099 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 Outcomes:
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.

mn2 NINIYN NIPAN MND? 048833
(MM 2)

MIVN 1N Y

,D720P DIPMD,ANN NIV, NPINNP MNY,NPIPIANITIN,NPIIANIONP : NPHIPT NPIRDD MIIYNI
TPINDD MPINNIODIIV ONWYNRI-IT P19 NN MDNY .WINNT NN AN 1INWN HY DDIANN P2
M PNV M TPNh : 1qr, Iqg, Itr, 2 MYV NP .DXAXMN DMIPA DY NIXPIVNIY ,NIDY
h mMn 7 MY MY XI12HD DTN NN

Will not be given the year

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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R anEP

:TYONIND DNIADD
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.

NNYUPN MOIYN NAY IPNNN N0 NN 1> VITIVON HFIC nTayn 01p 0Na 1979109 MINSIN
D2OYND DPNIMINON , D7D PTIO2DYNA = PRY ININA P> VITIVON .NPTNY NPNPY NPVINON
T MWN DY MMLPVLIIINY DANYN

Learning Outcomes: By the end of the HFIC Lab the student will be familiar with the
research environment of integrated circuits for various applications, as communication
imaging and sensing. The student will learn various areas of interest such as: RF/mm-Wave
circuits, Algorithmic and high speed mixed signal, radio system architectures.
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Basics: Four-Dimensional Electrodynamics. Field Equations in Empty Space. Minkowski’S
Equations.

Wave Propagation in Moving Media: the Propagation Vector and Normal Surfaces. Group
Velocity. Refraction. Brewster’S Angle for Moving Media. Total Reflection in Moving Media.
Radiation in Moving Media: the Dyadic Green Function for Moving Media. Radiation from
Receding Dipoles. the Far-Field in Moving Media.

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



Course title: Exploration and Exploitation in learning systems

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

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

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

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

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.

SOMP YN HY TPENNINY DMVLINTIN MVLIMNP NPPVIIN HY NINIPY DX I THD RSN .1
MOLIYIY PVIMP YT THIPD DI DY DMOVIMNP NN 22NN NPXY NN DTN MTPHNN
ALY DPD MNMN DTN

LDMIVIY MYSNND YN TIDY DY DPONID DI DNPIVIIN NONY DD NN VLITIVDN .2

DX INM OINK DMWY DN MNIONM NNINN

NPN
Rudolph, T., 2017. Why | am optimistic about the silicon-photonic route to quantum computing. APL

Photonics, 2(3), p.030901.

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

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.
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.

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.

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

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.

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.eaba9186.

Weedbrook, C., Pirandola, S., Garcia-Patrén, 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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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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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 Vlsi 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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Will not be given the year

Survey and Criticism of Recently Published Scientific Papers in the Area of Parallel
Computing Architecture, Focusing on Many Cores. Each Student Will Prepare and Present
Two Seminar Lectures Describing, Comparing and Criticizing Several Papers. Upon
Completion of This Course the Student Will Be Able to:

1. Search and Find Relevant Papers in Current Literature.

2. Study Papers in Critical and Comparative Manners.

3. Form Opinions About Novel Resrarch Questions, Proper Use of Figures and Charts,
Clarity, Comparison to Previous Work, and Defficiencies in Papers.
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Will not be given the year

The Course Will Survey the Main Technological Developments in Computer Engineering.
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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.
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MNP
6. Narayanan, Bonneau, Felten, Miller, Goldfeder, Clark. Bitcoin and Cryptocurrency

Technologies. Princeton. 2016

7. Antonopoulos. Mastering Bitcoin: Unlocking Digital Cryptocurrencies. O'Reilly
Media. 2014
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Blockchain and Cryptocurrency Protocols : 51992383 999N DY

Enaglish 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
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Learning Outcomes:

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

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

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

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

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

Learning Outcomes:
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(a) Familiarity with the research approach in machine learning and optimization for computer
networks; (b) Familiarity with the current literature; and (c) Acquisition of scientific presentation
skills.
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1. Al2: 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 Miller, Mislav Balunovic, Martin Vechev. ICLR 2021.

3. DL2: Training and Querying Neural Networks with Logic. Marc Fischer, Mislav
Balunovic, Dana Drachsler-Cohen, Timon Gehr, Ce Zhang, Martin Vechev. ICML 2019.
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Seminar in Correctness Guarantees for Deep Learning

English Syllabus:
Neural networks have shown tremendous success in many domains. At the same time,
recent years have shown the simplicity in fooling neural networks by adversarial example
attacks. These attacks undermine the reliability of deep learning-based systems. In this
seminar, we will learn about these attacks and how to deal with them. In particular, we will
learn:

- Methods for proving robustness of neural networks to adversarial attacks.
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- Training methods that leverage formal methods with the goal of improving the
neural network’s robustness.

- Methods for understanding the robustness behavior of neural networks.

We will focus on practical methods, will study tools that implement them, and learn the

limitations required to make these methods capable of analyzing deep networks. We will

also discuss open research questions. The seminar will cover papers from leading

conferences.

Learning Outcomes: '

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

2. Familiarity with the current research challenges in guaranteeing correctness of deep
networks.
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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
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Hardware Security — from theory to practice

English syllabus:

NO9AIR2 0MIPT AW

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 Kits.
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
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
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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.

| built the course as an hands-on course so | 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

n2 1 NPINIVPINIIDH ©19TPNN DINYI 048903
(M1 2)
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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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D192 NINI XNNYN NPINA PWIDIVY YIINN TINON NPIVIN DV

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
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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.
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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.
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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:

1) Light scattering by small particles

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

4) Diffusive techniques in optical imaging

5) Hybrid techniques in optical imaging

Learning Outcomes:

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 .
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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.
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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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MNPN
Ballard, D.H. and Brown, C.M.: "Computer Vision". Prentice-Hall, 1982. rec.
213034.
Marr, D.: "Vision". Freeman, 1982. rec. 211377.
Serra, J.: "Image Analysis and Mathematical Morphology”. Academic Press,
1982, 1984. rec. 208825.
.J. Opt. Soc. Am -y Biological Cybernetics .IEEE PAMI : ©)mya 1n1na navivn mIavnn DyInNm
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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.
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MNPN
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.
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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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Advanced Course in Electro-Optics. the Topics Will Be Chosen According to the Interest of
the Instructor.
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1) T. M. Cover and J. A. Thomas, Elements of Information Theory, John Wiley & Sons,
second edition, 2006.

2) |. 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 I. 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
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sMNPN
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.
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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.
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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.
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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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sMNPN

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.
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nAVLINY YT JPYNR DNMNNY DX21NY NNNN MTIPI NN DI 13D ,91120 1IVNI NONX,NINVIAN
N2 I WY

198N 2999
2INI2Y NNYIA NN YIAT VITIVD DI ,9DNA 1N OIDNIN NN 4-5 1PN IVONDN TONNA

NY’NNA DONANY DINNND NYOWYI TIND ,0NPY DIPN RYNA IMNND DY HINNPA NPPO
D)1 11NN 259 ONPA XN .97Y2 NN MDY PN TVDNON NOA WNIN NPPON .IVONDN
.(70%) 97y2 NPNAN TINNPA NPPD NN MINNN DY 11X (30%) Nd°aN

NIIINA ©NPH OV

Network Coding (NetCod)

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
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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.

First part: Frontal network coding course

1.

©oN A

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

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

Linear network code and global vectors
o 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
Student presentations on state of the art and advanced papers in network coding.

Learning Outcomes:

1. At the conclusion of the course, students will be familiar with advanced network coding

techniques for distributed data systems and heterogeneous communications, the practical
solutions and applications of network coding in various areas of networking, and the main
challenges in using them.

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.

n3 1DOWINYI HPYN NWN MANT MTIN 048944

(MM 3)

YN N N

TAN TD292 2P VOV .(D7WIN) TPWN PNWN MIANT MTNN NITHIN 108324 : X9 DTP PN
MY D7YIN 2N VIVYN SVPIVDIN TP LIV .ITOW LIVN .ITITD DNIDITY DY TN -1

1192 D7YIN .2IPIN ODONN

MY VIYN .NNAN SVAYN DUV NDPY NI NIV TIDNX .DINNND NRINN NPYI : DWVIDY .3

DNNTNPNRD NN NOYDDINN MIYYN NPITIL DOWVIDIY \DNIPN

Will not be given the year

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

Level

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

Informatiom Theory.
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n2 3 N'NY90 NNVYPNA BP9 048949
(MM 2)

IV 1N ND

.048934 : XD MINPN: NN

N2 (pam ) NTIVIDMNIN PAYT PAINND NIND NNYPN ,XDIN YD) NITY NINRD 91N MNIN NI
MMN TV N NPYIL 22907 DMINON DY DOVINIAD DMIDN , 1NN NYINN DY YOIN)
.(cpm ) NIN9 Y9189

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.

M2 IM-DNnYs .Y NN NI ,NINIL DINTINN DINWI) 048972
(MM 2) 2 NIYNINNI AINT)

.N99N HYIPIDY DINNN TPNN INYNA POV NMNRIN NNNNN YT DINNL OTPNN NINIPND NP

DTN 2DV NYOM NTTH : )7aVWNA DNPH XY

$ 089119 DTP MWINPN

NIYNIND NI NPNPIVINY DINNINON — 046746
NIAYNMNND NMNRI— 236873

.NXIND NNOON N

ORI HY DIVYPN DIVINIWI 1Y, NIVNINN 1NN DINNL DD TPNN DIRYNI PIDYY NPIPNRD DN
NN DY NPOVOIN DYDY N, NANTY ,NININN MYNAND DTN )2 5Y IWIN DT TNND NIVNINN
DYVIN P2 NPOPIT NPIPRIVIN MIYINNIY MOIWA TPHRNND NN YN NIVH .0 MYAN N, DNPIVIN
DINIVINN B2V DI

$1P8N 2990

P2 M5V, ONPN TONNA NI MANNYN ,NTIT INNY NNIPINND NTIAY THD DY YaP> 1PN

tMNPN

.DINNA ©9>29N DIDIZI NMNINNN DNIY INDIMNNY DYINI DI IINND

$N199Y MINSIN

SY YN NTTRY MNTPNN MYV 20T YT DY 7PN VITIVON ,NNDXNA ONPN NASYN oY .1
NN T DY DIWIN
NPDOLPON YN0 NVPON PEONDY ,INYNY ,NMIY DNDN M VITIVDN ,NNJNNA ODNPN NYYN OY .2
.DINN2 MLV HY MO
TP VITIVDN NNINNA DNPN NNTVN DYV T, 1NN NONT VIWN MYNTY MO DY WYTOvY .3
LNONT D290 MYNT PRY 17N MODIAN MOYYY DY mMoN Hya
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NN ©NPN OV

Measuring and sensing people with cameras

English syllabus:

The course will be a seminar dealing with advanced topics of computer vision, with strong
emphasis on applications of computer vision for measuring and sensing people via cameras, for
example, measuring and modeling elasticity of the human body, motion, or facial expressions. The
high-level goal is to focus on methods that facilitate physical interactions between people and
objects in the virtual world.

n2 NN . NHVID NYIN NNVYPN 048951
(MM 2)

109D VINPN
JPNI90 NNMYPNY X1 - 046206

NPYODILVLD NN TN VP, NTIVIIININ,NINRD NIMN-DTP) NDND DIADIWN D’NVIY DIV NIND)
MOWN-NN,DNNI-NMINI),MNIPY : Y0IIMP YO NI . IPVAIN NI N : NITPNN DNV
-NYIN OUNIMPAPY NN NPNN-NIVIIN THINVID NPNYIP : DMWY, dSp). NIATWN NPINVIY)

20-Dy-Mnon-nvon: lidar, mVIamp pinan

$NTINY MINHN

YT VITIVON DNPN DPD2

NVYNYIPN SNN DINNN DY OVIINMPN YVIND NDNN PNIPY DY AN TYIND DX TINY .1
YYAN 2NIH2 1) 2202 MOLWINN INN >2X-DY 1 ,PININ-NYIN N9 XAN-IVTN DY 1INV
NTNIND NNDN VAN NYINTI MVIINR NNYPNY YOITMPI PYI-12%) NMIIYNI MIAN VI .2
PMIDNWITN TVLAIN NOTIN HY NNNIPY ,UYTN MIX KW SOINN MM ,1OPID NPYVNN NIAYWNN
(MWD NP NPIILIL VINIY

NNYI IWR MDD PN NAY QVNNR-IITVPOND IPN-DNPN DY NPITAY 1ON DT, MM MND .3
MDY NTHI-NIN PRI VN DN MOIYN 01N NIAYND NPLAINX MDD : NINIPY OMND
DVAIN-DD Y1) HY NPNIIVN

MNPN
1. Karp, Sh. [et al.] Optical Channels: Fibers, Clouds, Water, and the Atmosphere.

Plenum, 1988. s.n. 2055788.
2. Okoshi, T., Kikuchi, K. Coherent Optical Fiber Communications. KTK
Scientific, 1988. s.n. 2061877.
NOVIVN THIINPNRN MNODNN DXIIND

Course hame: 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
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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.

m 2 YINIIA.N NNNIN TAYa NNPVOVVLY MYV 048954
(MM 2)

109D MY
NN MM Y — 046200
DYNIPN MNIN — 046202

A"A F24)

PO’ ONPN .NNNN TIVYA NPYA PNIND NMIDTY NPVLDXVLO NIV NN NIIN N ONPN NIVN
MNNN DY NPLDIVLVLD MNON .NPIVNII XD THXHD NTND MOYOY DIVNID RO TIIYYD XIAN

NIONY DXPIY .ONRIPN 1PN MITY .,MNNN NEN1Y 0MIVNIA KDY D1IVNIY DTN .NPYIL
NN DY YIVYOLN PYI TIVY MDD NOTHIN ,VIVYL NIDN Uy

sMNPNI
DOV MIFDNND DMINNNA

$ D7D MINSIN

DNPN NN IDOHY TWUN DIVITIVD 0I5 .INNN TIDYI WIDIY NPDIDI NPVLDILVLD NMVIY NION
TV ONIININ WNND 191 MIX TIDY NPYI PNNND D1VLDIVLLD DXYTIN DIXNNY WO NNINNI
VY NN PIND

$)280 2997

YD VPO 100%

Course name: Statistical methods in image processing

English syllabus:

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

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
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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

mn2 NN 9227 MMN IV INI90 NP 048955
(MM 2)

NIV 1N NY

,D¥MVNN DMITPVINP JIN MIVPO TPXVVLIND .NNNM NDT MMN OV 79X NNN VPP
(dpcm, adpcm), Y2209 TYPP , 0 1HIMNP (apcm), NDVITN PIVVINP pcm, TP

TP 9PN TP (sbe), ©37993 9TN Y092 TYPP ,PIIVIN NTP (VQ), INVPY NIXDOVIMNP
IRV TTIPN (Ipc), DINTIPN PIRDY NN : NDT TITPY NTLIDI NHTIN MIIYN (tc), NINN
(mbe, melp).27yn NPY »TIPNmMpe-lpe, celp, vselp),

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).

n2 02991 -0°H1Y OY NSNNY 899999 PN 048958
(MM 2)

IYN )N XY

D091 MANT ON,NINNND DIIIN2 DINNY DY DID9 NNNNIT .OMMNIMIN-NDY DPINNDIN DINNY
VPIAN OPLIV IMDNI .DMINMIN KD -N-n DINNYY DMINMIN p-n DXNNY Y NN MNON .YINa
ND D222 DXNVDIIIV .CV NITYA P9I NTITNI NNMIND DI1IP .OMNMIN OWHN ,NIMN
.D»OMP MN1 Y oNpnM ,mesfet, hemt .0»N 1IN

Will not be given the year

Homogenous and Inhomogenous Junctions. Band Diagrams of Semiconductor Junctions,
Band Discontinuities. Transport of Homogenous P-N Junctions and Inhomogenous N-N
Junctions. Schottky Barriers, Tunneling, and Ohmic-Contacts. Junction Capacitance, Cv
Profiling of Junctions. Transistors with Inhomogenous Structures. Mesfet, Hemt, and
Quantum Well Devices.

mn2 NYANY MNYI2 ONTPNN OINVI) 048959
(MTPI 2)

YN 1N NY
NNN HY IPIDYW DINNM TIPNN INYNL POIWN NPIAXY MNYI DINNA DTPNN ONP

Will not be given the year
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An Advanced Course Neural Networks Which Deals with Topics in the Area of Interest of
the Instructor.

m2 1 29Wnna oInTpnn oIxYI 048961
(MNP 2)

IV 1N ND

©Y0210 D) VY ONMPN 2N MOIYN DIV NIOND DINYPN DY OIXRVID OTPNND ONP
NOYON MDY : NYYN /N TODND .0INNA NVPIT IX TVONN NTIAY YN DIPNYNN DINONYNY
MOIYN : VL’YYN 2 TODND .NNPN MDD NOYIN MDY : VYYN /X IVDND .NNPN M)
NPN MO NYYIN MDIYN : §7YN 'K TODND .NNPN MIINI NYYIN

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

m 2 4 ©22YNN 1’3 NNYPH MNYII OINWI 048962
(MM 2)

NIV 1N NY

D015 D) WNY DNPN .D3IWNN P NNVYPN IRV DXAVIY IPNND IRV MNTH 12 DTPNN ONP
SNOPYT IR AVDMN NTIAY YNID DIPNYNN DIROINWND

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.

m2 DITVPAD MOUNI NNVYPH MIIvNI 048963
(M1 2)

7IUN N NY

oY WXT OV TUNRD DIIVPOD MDD NNIYPN MOIYN DY DIV 1NN MDA PIDY DNPN
OV TPNMOVON NPPDI X)) : OPN OMIPYN DNPN IPI9 .DMY DMNDN MYI9N 792 OMPON

SY DWINIT) MPON NN ,NOIWN YDTINY DMDIDA DHYIN ,DIVPID NMDND NNVPN MIIYND
MO YA INDT TN ONDPT ,NPYW DINVPOD NDD NDHN MTTIPN RO MTTIPH MOIYN
NYaVN ,q90 YON VIPNY NI NYP NVINN ,NPVLITMP XD NPLIIMP NP MYOY ,MIANYN
M MOIYN DY X002 NN X1 ,NIIYNT MINAY MOIYNHT MNON DY N1y MIYT

NI MOIWVN MTION (NPT IX NDID NITO) NPRIPN YTRD MITO MINND X1 ,0OWNNUN
LO2MNNN) NP

Will not be given the year
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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).

mn2 1 1799V MAaTIVUN Misn 048964
(MM 2)

MIUN JN NY

MYAP PIRY NIDTIYNI DPNPILLO XY MNIN .DPINDY DXANIND .1MANIN NITN - NI NVDIN
AT NWNN NN NTTY NN (st ) YaT NIANP NN NINNN ITH-JIT MY IPD N
.( frame theory ) m7©NN NIM NTT2 wavelets NINN .NNINYPOM NN wavelets NN
.multiresolution -y ©»YN9MMNNN wavelets »0>01 .haar ©102 .91AN) MNONIY wavelets N1NNON
wavelets Y0202 Y¥ nPION spline-wavelets NPYNIMNIIN PPRY NPVLDIVPIP NPIPN
DYNNNNININ wavelets Y002 .malat v Dn>INYNM subband 0N ,wavelets .0»9PNNNIN
D9YNMINIIN DIDIDA N NN DIND YYya wavelets DY 10V IND NNN DIND YI
NN YIONM MINIVNN DIV NN ,DY0702 NPV : NPDVTN NNNN .V INPIV
DPTMA-YT NPDVTN MINN wavelets NN .NTIND NPVINIININ NPDVOTN 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.

N4 NOYN 2N PNV PINIIPINA NTaYN 048966
(MM 2)

101D MWILPN
1900 TID NPINIVPIRIIPINN MIVIVND NMWINPN DYDY MINAD
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ma NOYN XM 0°aYNN MNWAIY NTavn 048967
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DXaVNN MNYI DN - 046335
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.DYTNHN N2 NPT MWD DIDTIN N ,NDTI YIY MNIN THDY

:9N0N NP VLITIVON DNPN DY

1DPIOPN NN BHDIY TID NI PTHIND .1

9915 ,7PDMLVPN NPYIVN DNIY NNIADY PVIVIN JIDIN DMV DMIPND MOV MMNX NN .2
PPN PINON NN
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Will not be given the year

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

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

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

3. to Implement (in Matlab) An Algorithm for Building Intrinsic Models of Synthetic and
Real Signals.

m?2 NMINAN NN ,NINID DINTIPNN OINVI 048972
(MMPI 2) 2 NAVYNINM NPINRM
NIV 1N ND

NN DY IPIDIY DINNN IPNN IRYN POIVN NIRIM NNNNN YT OINNA OTPNN ONP
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NVIMIP VYN DYDY DY DINTVPON HY PIPRIVIN (DNYIN ONPYY) DNIVPIHN DY NpdN»T
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PN DIV .DMYAIN DIINTVPON DY 11D 91N D) TINNDI ¥ D)

:MNPN
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 I. Alexeff,
Artech House 1987. rec. 2105598.

Benford, J. and Swegle J.: "High Power Microwaves", Artech House, 1992.
rec. 2159756.

Recent literature.

( "ﬂzz) 99N 99 0PNIPN 02999712 0INTPHN OINYN 048979
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DYDINN NPT DY XYNA NYTN MINNINM 2 10DY, N1 GN NDION [4] DNNN DY NDHIND NON
51w »mnT

sNPN

[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 YSIY NIINNND 71H92 NPNHNIN INND DXINNWNN D720 MINSIN

(N2 50% -2) NTIAYY NMINIPND DRI 1180 299D
Reflected diffusions and switches : m938a 919 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 NYOINIY NI NNYPN MNYAI DN 119N 048980
(MTIP1 2)
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N DA ,)729P00 NMHIVIVON
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Myerson, R. B. Game Theory: Analysis of Conflict. Harvard Univ. Press, 1991.s.n. 2151703
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2 799019 MHNVYI2 195909 9% 048982
(MTPI 2)
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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.
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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.
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Will not be given the year

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

1. Understanding of Noise in Oscillators.

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

3. Understanding of Coupling and Dynamic Effects in Oscillators.

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

N2 MDY ,MNYI ,D07302 NNV MYV 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.

(MmN ’? zz) 0»VUNVY DY MVIVY 048986
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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.
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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.

List of Topics:

1. Power system dynamics — the quasi-static approximation

2. Time-varying phasors

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

5. Dynamic models of energy sources and loads

6. Control of energy sources — classic and renewables
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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

(MTPI 3) p2l-aRara) 119999 048990

DN ANIND MYITN DY SPON NI DYO VPN YNID VITIVON YOIV NT VI¥PHN NNON2
PO, NAPHN M0 NPPD : D DOXVPMINN WY 1T NNDNA (NN ROHD 90DN) YoNRYN NDTINA
NI MIDN NN 0T 9PPN2

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) p2l-aRar) 21999199 048991

VONNY ININD MYIITN DY OPIN NI DYDY VPN YNID VITIVDN DIV NT NIXPN NINDNI
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IRNN NION NND DITH G202 NPXLIDD

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).

mn2 0992915192 NININIVIIN MVIY 048993
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Will not be given the year
1. Control Flow Analysis of Programs.
2. Global Data Flow Analysis.
3. Loop-Level and Global Optimization.
4. Local and Global Register Allocation Techniques.
5. Basic Block and Global Instruction Scheduling.
6. Interprocedural Optimization.
7. Memory Disambiguation Analysis.
8. Instruction and Data Cache Optimization.
9. Automatic Parallelization Techniques.
m2 NN NN 048995

(MM 2)

IYN 1N NY
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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 02911 02311 0°9) 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.

n2 NYIYNUN NP2 OIPNN Y NPAY 049004
(MM 2)

YN 1N NY

TN ,MA37D ,NPNIT MIIYNI NPDNIVIIN NZIWA NMHVIVON IO MPAIV PNN ONPN
AN .NIVMNH NTAD) PMINRIN NP DY DIDINNA NNINNKY INMAY DIRNININI MTPHNN
D219 DYOHNN HY MIDVITN NIPA NPT MIDNY X12D .NPIADY-TN NVYNN NPYI : TOHN
DOVINY DM MNYI NIy 9P td (lambda)-1 g-learning »nnoN - Pivn »1 Yy 1o
M2 YPNYN NNYRN MNYI NP1 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.

1 MYVN
VP 991 TAN IMNND DY NDYPN MIND ,DIINNND DY DI DIDPO MPMIT 10 5 NWIN ,DMINNRND NP
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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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Will not be given the year
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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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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
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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: 1’53383 9990 oV

:English Syllabus

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

Learning Outcomes:

The student

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

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

Advanced Course in Electro-Optics. the Topics Will Be Chosen by the Lecturer.
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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.

)2 Hya 999N 22902 IN PAN MLVYINH 049024
(MTP) 2) .M N
IV 1N ND

NN PNOPNN NS TMINPD NOT N TIY IRNWN DY NTHN NN DY DDIAND ,MNd
1M LN NNYPNT MIIYHN NINNID ARNWHNN HY NN NIND .20 IN YPIAN MOLYINN
DYINP NN OPIAN MOLWINT DY MIN . TIONN NN NNNDY DOVIIN DNVINIDY NIAN 2D
MOIWVN .INDTN IRNYNI) VNIDIIVN NRNYI DY DDINN ,MIAX NP OHYI DMOVINX DIINNA
.DMXINY DIIXY NPNDPI MNP HY SVNN NNY

Will not be given the year

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

'n2 oM. MIMHN MIIYNI DIPNHYNI YT 049026
(MM 2)

N OMIMINONY DMINI 72ND NIAN -044268 1 DINININ DIP MHMISPN
YT IN,1 OMNINON -234247
IR DD MNAPD NNM NPOND -234293 NN
T IN,PVNNN NPINY -106156

NNIND NN IN,7OWNI 1NNV 3 IWWN2NDI DINTPNND DINW) — 049017_: 11917 MISPN

YN NN NN DN MYIDY NX DNTH MIND MOIWYNA YN NN NN ¥ N ONP
TNNN DNIMININ IR ,TPVNINN NPPNY N DINWY) NN .OXNNYN 7217110 DPNHYNI MININ
MPOXN2 ,MINAN MDIWN TN ,ODPIVIR NN DY NPIVIND 159> DXTNOIN DIRYNN .NINY

,DOPNYNA YT, 0NN DPNXIAP YT7 228N GMIVND YT, TN 1210 SW Y1 100 Y1 DV NPOTIn

.DOPNYNI MITLN 2WNND NN NN 12N DIVIDOY

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

.2299306 .10.1 .2008 N7OWN ,DNNND .DYPNWNRN NN .NK,1DID ,.0,70WN ¥, PNt
211721 195952 NPV DIPNYNN NNN : NMIVIVONX NDWYN O AN ,.N XN
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2296800 .10.1 .2008 , N”7OWN ,NNINAN NVIDIDNN

N2 DOUNNYN 7121919 MIIYNY DI8NNDIND NNN 049027
(MMP 2)

NIV 1N NY

2NN NINN TN WHNWA 1Y .00 22NN YDIND N1IY water pouring. Y0avN) 0P YOINI \1Y
91200 DIND .DOVNNYN X217 DI DY DMDIDAN DY TIND NINN TN YN DY 912D ONIPN

( broadcast N8O XYY Y95 H TN .NIWI NI YDIND 1Y .MV NN XD TP VAV
MMPNY NNAN Y . NPP VOV 52> 0NN ( degraded ). »1 71D NNON YIychannel ).

P2 NPORIT HODIPKNN WynNer-ziv. 1ya 18 y1m my oy Npn NP ( slepian-wolf ). omNnn
SIN YN DY NP TP IS YN DY TIPP Nvya

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 MNIDINTIN MNNIN 1Y 049028
(MM 2)

NIV 1N NY

TN MNIY NANIN,(DOWINWI TPINIINON) NI TINDDNNI,7PSDVINT NTITHN - VNN TPNININ
INNN DY ONNNND NN OINDIIDNN PN ,DPYR DINVINN DIV (DWINYY ININOT)
.DNTPNN DVDN,DXIOVY DINIDA PNDININ- watershed , N IHNINON NITYA NPNVINID

Will not be given the year

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

mn2 NNYPH MININ 71322 1199190 049029
(MM 2)

YN N N

NPY . TPYTHN MDD NNYPN MMNX TIDYA PIDDOVIND DMWY DINMININ NPPO
9915 ,97N2) 1272 Y OIMVND ,TIIYY MINMIY DY DNDN ,NIMY NN MNP DTN ,1INNINPT
VMNP NNYPN DIMNY DINYN

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

2 P93 ) YONN 9913 OINWI) 049030
(MM 2) )

10T WISPN
(NDYT WINPN IN) DAVNND MNYID XA — 044334

(PNYT MINPN IN) NOYIN MOIVN 13 — 046209
(MMYT VINPN IN) DXIAVND 1IN -046267

19T MINPN
TIOWN ,HOWUNA NNV -1 DXIAVNN 1NIONI DINTPNND DINW -048750

NYNY NI VITIVOD NNPNY NIVNI ,NNYPN MPNYY MNTPNN NONN MDIVNA PIDY NXPNN
NPTV NONX MIIYN DY MNVPLIIIN MIT MINPN . TITN TYNNIMTP QR DINNI NN

Fibre ,iSCSI) 0»v)157 nwpn 5110179 M5vn 191 (SAN, NAS, Object Store) nwa mpoian

NYIPOY NPONX NPIPNY X P wpn 1N - m>d (Infiniband -y ,Channel Architecture
DNIYN MHMVPVIIINM

tMNPN
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

2 VLSI-2 99990 %9 5¥ nI811m09N) 89911 049031
(MNP 2)

NIV 1N NY

, NN NPNND ,PNINOVN MNNIND M2APYA VIsi MIIYNI ©¥NNN HY NINN MDVNN

vlsi 15N2 OOV .0¥22Wa DNDN -MNYIN MY M JIONN NIRNDI NOVY WY ,PI0N
NMON NN -X¥YY DMNPA NIY 2IWIND DDTIN NN MNPN YINN PADN NN . TIN) POy
DY21YN .DYNIN OXYY DMNMPI MPNN DY DIDNIVIND DINNINA VIV NPYD elmore YT
DDA VYT S NMY DY NPVLO NPYIN .22VN NN ONP P TN ONID VYT DY DO PP
.D2¥2 NN MNP MRIYD NPV DNDDN 0P TN DY MINNIIND HOVMIVIN 1IN DM
2V 5Y NMVYPN YY) .0NNN NPIDN YW MMNX N¥AN

Will not be given the year

The Growing Importance of Interconnect Due to Technology Advancement, in Terms of
Speed, Power, Noise, Area and Design Effort. Limitations of on- Chip Interconnects. Low
Power Vlsi Design . Interconnect Power. Delay Models for Interconnect Lines and Trees.
Properties of the Elmore Delay Model. Repeater Insertion for Speed Optimization in
Interconnect Lines and Trees. Calculation and Approximation of Digital Crosstalk Noise at
the Chip Level. Static Analysis of Delay and Noise in Logical Paths. Routing for Minimal
Wire- Length, Path- Length, Or Path Delay. Interconnect Inductance. Clock Distribution
Networks. Power Distribution Networks. Networks of Chip.
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n2 4 DO81979N) NNYPNA DNTPNN OINYI) 049032
(MTPI 2)

YOINP IV NDP :179UN2 DNPN KW

1099 MY

(046734) TPLIMNMP NNYPN TPXNNAPNRND NN
(116031) ©DVINNP 2N PPN NN N
(236990) TPLINP MXNNAN TIDYD NN N

(11959 SNV 9912 9PDINY 11,0951 50 1Y) N3y ©IAYD
WY 0N X1 TITO0MP 28N SYW IPSDNDOL TS NNYPRN .IPLMPN IV NNNA NP N1Ya

PNDOPR-INDI NPDVITR-IND .HVTY 11 N1 .LSD vawn .(N71N) vy omp Ny 71N
VIVN LYY OOIMP 1IN MDD NI YPDI 1Y 1P NNYPN .Y DI I¥90 NOOY

(Fawzi et al., 2022) »03mp 912091 95w O

DNPNIVY TV .(046734) 7TPOMP NNYPNY TPXNTNOIRD NNNY DNPN NN DOWN NYYNY ONPN
DNPN L(DX02) NPONYP MYTIN MDY YT 0IMP NNIVPN I1Ya Yyl 1pnnmn oMpn

DNY TIPINNANANX VN NTIPI YN ONPN L) D (DXVX2PP) OMP YN NNYOVA PO DTPNNN
D072 DMTIY OVMP 2IVIN MNXNDY NPPND PVMP TITPY YUY Y0INP 1IN NPYIAD NPV
N DY .(116037) WYY YOMP 2IVNNDI (236990) NYOMNP PPN TIYD NI2N : D ,DMINN

JOR DYONPY IMYNYN NN PR ,IVPN

MHNPN
[1] S. Mancini & A. Winter. A Quantum Leap in Information Theory. World Scientific, 2020.
[2] M. M. Wilde. Quantum Information Theory. Cambridge University Press, 2017.
$ D900 MINSHIN

NN OI0AIY MNIPYN NX 12> DXVITIVOMN NPVITIVDN ,NNDNNA ONPN NNYWN BY .10
D2IPIVIN YUY OUINP IWOINT NNYPN NPYA DY MIPININOPIND NNOND ,MOIMNMPN IV
.DYMPNR NY DOOLMP DXANYH NN DINY

TPXNNAMNND NN NPTID? YOIMP 12XP NINSIN 1D DOVITIVDN NPVITIVON .11
.DINN2 MIVN NPVIDIN MLIVA YLHYN NPOINPN

112890 2990
NTIAY IV DXVITIVDN TVDNDN N NRIPIY, NI 223N NN 2 1PN IVONON ToNNI
(30%) 1121 Y27)9N 11NN 257 DNPA PN .PVINPN NIV NN OTPNND RYNA ININND DY
.(70%) NTIAYN DY P

NOYIIND ©NPN OV
The Quantum Shannon Capacity
English syllabus: 439 58w 99933 929179 15193 ,0999 50 1y

90N V2AVP W TITXOIMNP 2NN DY MXVLNAOV TNXD NNVYPN .THPVINPN PIV NN NP NYYa

-99D) NPDVITR-IND NPT 11 Y .LSD vavn (171N) vy ump N1y 711 vy
YOIMP NVON MI2ID NPTV YPDI NINY NDPY ANYPN .MVIY PIPOT IN NOOW 7PSDOUPN

(Fawzi et al., 2022) >03mp 91291 >°9°5w 90 VOV WY

Capacity problems in quantum Shannon theory. Communication for teleportation via
noiseless/noisy channels (reminder). LSD Theorem. Degradable channel. Super additivity



90

and super activation. Decoupling approach. Entanglement distillation. Entanglement-
assisted communication and channel capacity. Limitations of noisy quantum computing.
The converse threshold theorem and quantum capacity (Fawzi et al., 2022).

Learning Outcomes:

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

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

(m'rw;nzz) M7 N1NT MVIY 049033
|

NIYN 1N Y

mbuN ,(riesz bases ) ©1 DDA, NPINDY NPINNIDIIV ,NPNMNY MYION V11PN AN

MM MN.( frame theory ) M 01N NN ( oblique projections ) NIOVNZNI NPHINNNN
MTTHN MN DY *2APY INNY ,01HDD DXANINI MMN HY HIIDIVNN NNV , 05D VY21 YaNINa
TPN99IVPN MYV .( oblique frames ) MHDIIDHN NNDN MYNNINI AN’ NNT ,MNM

DTN MOVN MYNNNI NNV NNTN DY PIVNINI NIND . NPIDIVIIN

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.

ar NAYNINMD NIRRT DT MIIYN 049034
(MM 2)

7IUN NI NY

DYNNINMONY DNYON ,7NTNN NIIYNI) NPNDA DOWNINNDT DIOPIVAN DIVPOND : DINYDN
NN TIDYY DNTPNN DI .FPYNN MR NIAVMNNA NMNRID DOYONN MNNN MND

( TINNN NN ,MNINN DY NPINRDD IDIN NIDPIINNRDT DINN ,NNPI-D5 NN .OMMOOVMN
ORI ,1PDIVPID-0II NOITH,MNNN JY MPNITINY INTI-987 DY DnmYINimage fusion ),
PNPONPN ,INIRN DY ODIN MIND DIN 719D THN TIT NHOXRI,DNT XD DMDII NIIND MNINA
DPY ,MOVN

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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n 2 NV N32292 919227 MNIN Ty 049035
(MM 2)

YN 1N NY

wavelet, NIINN ,7TN -T2 NINDDY NHDIN, AT NINYNA NDXT TIDY ,NN2¥T DY MM NN
MNVNN DTN ,DO0INNI IV PTID -9TN TIWOY ,NYPO -II32 TINPIDITIN NP -27 NPDIN
TN DDIAN TIDY PDVIVIN NNV, NIONIVPOD NNNT YUY MNINT NXT NIN NDY INIHN
YTT) ,NYNYN NN TNOMNN NYNN WY DINVPID TV, IPIRIVPID NTIVIIINN TV
Y0 ( beamforming ), AN TIY( anc ), 2INDN YYI NP ,00IMIPM TV ,N2>T HY MK
(bss ).7NPN NTION ,DINMNIPII TIVNI WY

Will not be given the year

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

m2 9799199 .9 1 VLSI-2 099500 08V 049036
(MM 2) X2

SV N NY

DD1d WNY ONPN VLST MOIyn 5¥ M DN ,MIANa ONTRNN ONXWYNL )T ONPN
SNOPIT IR IVDNN NTIAY YN DIMNYNN ONONWND

mn2 2 VLSI -2 £97PH1 0INWI 049037
(MM 2)

DYV TAVH OPYNN DY NN NN 1IN :179WNI UNPN NYUN
DYNN TAYND dPYVNN 98PN 93y OV

1 079 MYI1
D»YNRYNN DIYRN NN 44105 e

MNDIVN MY DY) 44148 e

119Ya 9119’0
yMan by CPU-n Yv ©1nnn DY10IND DPWNRnNn 0o AN VITIVDY PONY — ONPN NIVH
DNVYN 05915 CPU-n 12 Gb/Sec nywy Yv Dxxpa 0N ayny 1nd) 189 Panyd [ PNnN)

2 TN DNPA .MM NP NMIND DY N 7N2Y XMIDN PNIND NPVIND NN TN
NN D DOYNANNDN OXDPI MPITA ,NN2 MNY : DINNND DY WXT DY NP0 DY NN ONIN
CPU-n 2 92nnn Iyn IR 9N 210 97919 912y 199 INKRD NN MIN KW NPMNd M
NN NI2YN DY WU N1IYN T POY DWIWNN DIVNIAN NIMIN PIAND THDI I8P 227 PAd
NP OV, NTOUN IDIVN NN I3 — DIV PYNN DY NPDIDV NNVPVLIIIN DY 71D XA 2OV
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Y VAN PVNPNN TN NI ONPN DY PINKRD PON .APNN NNYPN DIWIRNDN DMNYN ONNM
2N Q0D 92yn NYY XD MNPNN NITHON MND TN NP MNN HY N2 0)

NNYPN PYHNN INTHN VPAII9Y DNPN N 1TION Iwr Matlab-a ©9» N yxa 079IPY Dapna
VY0P NOIWVM W, NTY NN HNON PN

$ 190 9990

HaL

Signal and
Power Integrity

Advanced Signal Integrity for
High_Speed second Edition DJJ‘JJ?UI’J:D
Digital Designs

STES LL » HOWARD L. HECK

Eric Bogatin

$D29NN

* Clock Recovery / CDR (Clock data recovery)
* J.D.H Alexander ,”Clock Recovery From Random Binary Signals”,
Electronics Letters, Vol 11, No 22, Oct 1975.
*  Amir Amirkhany, “Basic of Clock and Data Recovery Circuits”, IEEE
Solid-State Circuits Magazine, Winter 2020
* Behzad Razavi, “Challenges in the Design of High-Speed Clock and Data
Recovery Circuits”, IEEE Communications Magazine, August 2002
* Equalizers
+ Shahid U. H. Qureshi, “Adaptive Equalizers”, Proceedings of the IEEE,
Volume 73, No 9, September 1985
* J. Liu and X. Lin., “Equalization in High-Speed Communication Systems”,
IEEE Circuits and Systems Magazine, Q2 2004.

$ 1199 INSIN
2001 M VITIVON NNINNA ONPN NNOYN DY

NN PONNN TONNI MYNIANNDD MPITA NN PYHIN MIAN .1

LODPIN MIND MIN DY YN DY DNONVYNN DMOPIVAN DIVNIN NYAVN NION .2

MWINGDY PYN NN ,VOPIN MIRN MK DY (Signal Integrity) mxn mndbwr nyawn man .3
.N2YNN

APYN) DMV DXPNVY) \1IYNN NIRIIND DMIXNT MIND OMPY NX5 DXWNYNN D951 NN .4
v
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T HY NYTINY PN MIND I DY AN MIN NN MIND DOWNYND DMVNNND OO MaAN .5
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| — Background, Validation overview & production testing

Topic Items to review in the lecture Practice
Background — 1 | Computers' short history, throughput bottleneck, high- Make sure MATLAB
High-speed speed interface history, required paradigm shift when is installed on your
interface and moving to Gbps rates & why, challenges with high-speed computer. Do
validation interface (typical transmission line stores several bits of some basic
overview info). Part of conductor that carry the current (Skin effect). | MATLAB excises.

What is validation, difference between testing to validation,

Pre/Post Si validation, validation challenge for High-speed

interface, SMV (system margin validation). Give some

famous bugs examples, validation types, what is analog

validation.
Background — Il | Si (Silicon) size, Moore law, Si life cycle, Testing stations Statistics -
Silicon along Si production timeline, Manufacturing flow (penny, Generate various
production and | dime, dollar), hard / soft defects, Automatic setup distribution. Plot
testing description. Sort testing, Class (Hot / Raw), Burn in (sample | the CDF & PDF,
overview test), ppm (parts per million). Scope of EV (electrical verify the Central

validation), Eye diagram — voltage margin, time margin, eye
mask, open eye, closed eye. Statistics short recap —
Gaussian distribution, sigma / variance, Q function, Central
limit theorem.

limit theorem, plot
Q function.
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11 — Signal Integrity

Topic

Items to review in the lecture

Practice

Signal Integrity | —
Line coding to Eye

Line Coding, Spectral content, Pattern
type (example from PCIE spec), Gray
Coding, Nyquist freq, Signal path through
LPF medium, cascading several elements
(convolution), time / frequency response
of system, eye diagram, ISI (/nter Symbol
interference), AWGN (adaptive white
gaussian noise), margin, BER curve,

Build transmitter with 4 PAM (Pulse
amplitude modulation) system,
connect to LPF channel, measure
eye diagram of the system. Add
noise to the system — measure the
BER of the system with / without
noise. Can you suggest model to add
ISl noise to AWGN noise ?

Signal Integrity Il
— Basic
transmission line
concepts
(consider
swapping with 5)

Transmission lines | — lumped vs.
distributed model, basic transmission
lines (power delivery / microstrip),
Sample, V/I function of distance, typical
impedance, circuit model, freq
dependency, Reflection, transmission
reflection coefficients (example in class).
Reflection from Inductance, capacitance
load. Effect of introducing several signal
types to transmission line (impulse, pulse
and modulated signal). Option —
cascading two transmission lines.

Build several transmission lines
model, Check transferred and
reflected waves, check with
different input signal types.
Cascade two transmission lines.

Signal Integrity Il
— Transmission
line types,
discontinuity.

Transmission lines Il — E/H fields, TEM
(Transverse Electro-Magnetic) signal,
types of typical transmission line, how
energy is carried, speed, equivalent
circuit, example of micro-strip and
strapline, typical equations, loss in
transmission line. Non continuity — Via,
connectors etc.

Build model for micro strip line,
build model for lossless and lossy
line. Add non discontinuity into the
model (Via / Connector). Calculate
total frequency / time response.
Check the eye diagram as function
of TL (transmission line) parameters.

S - parameters

S-parameters — motivation, Reading S
parameters file, modeling, cascading
networks, impedance changing, smith
chart.

Building S-parameters models for
previously modeled examples,
generating Smith chart, predicting
combined impedance using smith
chart.

Signal Integrity
IV- XTALK, lJitter,
Practicality

Single ended vs differential, XTALK (cross
talk) ,NEXT (near end cross talk), FEXT (far
end cross talk), return path, phase noise,
jitter (jitter types). Practical guidelines /
equations: Return path importance.

Build system with Jitter, Build
several jitter profiles, measure BER
as function of jitter. Build simple
XTALK model — measure eye as
function of Jitter and XTALK.
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111 — Signal Integrity compensation + RSM + review

project

Transmission line, Reflections and
discontinuity effects, XTALK, system
Jitter, CTLE + DFE + CDR, UPM
calculation for the given system

Topic Items to review in the lecture Practice
8 Compensation |- | Combined model with AWGN, Build model of PCle Gen 6 CTLE
general + CTLE reflections, XTALK & Jitter — challenges. | transfer function, Connect the CTLE
Typical system block diagram, focus on to previously found channel
CTLE (continues time linear equalizer), models,
DFE- (decision feedback equalizer) & CDR
(clock data recovery) [/ PLL (phase looked
loop). Explain CTLE, Understand CTLE
impact.
9 Compensation Il | DFE —review architecture, discuss LS vs | Build LMS (/east mean square)
— DFE mmse (minimum mean square error) vs | equalizer in simulation — apply to
ZF (zero forcing) solution. Review several | simple LPF channels (developed
DFE architectures (classical vs sign sign before). Build convergence graph
architecture). Understand convergence | as function of gain. Compare
plane. classical to sign/sign scheme.
10 | Compensation Il | Clock recovery — explain the problem, Build Alexander bit synchronizer.
— CDR + PLL review muler/muler and Alexander bit Connect it to channel with LPF and
synchronizer, use bit synchronizer + PLL | jitter. Build the loop transfer
scheme, derive the equivalent transfer function by changing the jitter
function. noise and check the loop
attenuation.
11+ | RSM — RSM Statistics, background — Gaussian Build model that predicts eye width
12 | model definition, | distribution, Variance. RSM (response and Eye height as function of
calculate UPM surface modeling) overview, model Transmission line width, source /
(+ buffer) representation, optimal snolution, review | load impedance. Build RSM for
of LS solution, firstand 2 order 2model. sgch model (check first order and
Define correlation parameter — R, give 2 order results). Display the
simple example of 1" and an order curve. Compare the calculated
model. Add noise to the model. Case results to given example data find
study. Measure of fit (residuals), R . Make UPM calculation for the
Outliers — caution. Confidence interval, given system.
Input parameter sensitivity, UPM (units
per million) definition, UPM calculation
(Monte Carlo / RSM method).
13 | Review + End Review of all measured items: Build full system per the required

definition (connect the previously
build building blocks to full system).
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Will not be given the year

Topics: Coded Communications Ldpc and Ra Codes. Asymptotic Anlysis of Ldpc
Ensembles on the Binary Erasure Channel. Performance Vs. Complexity of Ldpc and Ra
Codes on the Binary Erasure Channel. Iterative Message-Passing Decoding Algorithms and
the Sum-Product Algorithm. Asymptotic Analysis of Ldpc Ensembles on Binary-Input
Output - Symmetric Memoryless Channels and the Derivation of Density Evolution
Equations. the Bcjr Algorithm and Log-Map Iterative Decoding of Turbo Codes. Exit Charts
for the Examination of the Convergence Behavior of Iterative Decoding Algorithms. Facotr
Graphs and Their General Appllications in Digital Communications.
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(MM 2) 1199

TNI0Y YN TIDY : NPNDPA NYASY MNYI -046041 :99Pa2 9o9Mn

v 0197901 02V DIIIYN 049042
(MM 2)

73U 11 KY

LDYVAN DYIWD DOYNINNDN DMNVIY DITHYN TNONDY MANY D1VHINNN DIDIM MDPIDIN DIVIN
MNNN DMV NLY -Y2)HD IPIDIAN DIDIAN DIPNIYM D1VAIND DX22VN DINN NVPD : DIRY
D»DYDAN DOVINOND .(D»INVIV-1I D) D257 DIINNA TNHPNIL) DMOVMN DY) NINNY DNAN
,225°9192 DYANWNN DMINNN 0NN ,0MDVAN DNNNDY DITANN ,1ND) DIVIND DX2IWN HY
D»NINN 1) 02292 NN NINN -NPINNDI (0119 NN NIDY DOVININ.

Will not be given the year

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

n2 NYTVIINN Y191 NOINT 049043
(MM 2)




98

IV 1N N
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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 DMy OY Y110 NYINT 049044
(MTPy 2)

NIV 1N NY

arimoto- blahut. DNINON , MY -28P MIXPNS D1NON DN, NNY -28P NPXPND DY NPDIva
TPNDOMP MY -28P TPXPNA DY OMION PDININ NPNRN : PIDT DY MNPNRY MY -18P TPNPNI
DN DTNHPN ,DOMIY DY NOINTI RNV O PO TIDP TS YN NYIVN N0

M) PO TIPP MPNOV YN NONTY

Will not be given the year

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

2 0229 MNVPLVIIIN 049045
(MNP 2)

NIV 1N NY

mn2 NP NPINIVPIND NIan 049047
(M1 2)

NIV 1N NY

NP TIT ONYN NINN PPVIV DIDNN ININTID NN, NIDPIINN NPINIVPIND PWIDIY
NPNVX NIV NIPDA NPININ -1ITVPIN MIIWYN ,IMDP OIDNNY NPLIMNMP MTIPI ,NTNHA
DIVINIWI NPININD NPINYN ,NPVLIAIN MNON -)NNA.

Will not be given the year

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

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

n2 1 NPINIVPIHN 1332 OINTPNN BINWYN 049050
(MM 2)

73U 11 KY

NNIIN 7Y YAP> VNN DI .NNINN IV IPIDY DINNN NPINIVPON 12 DINTPNND DINRWY)
DM NOYIN MOIYN : VYV 'R TODND .0NPN 1N 12 TVDNON 7D DIINOII dYTINDD NTYNM
SIVAN NI : 97YN /2 VDN .OMNIVPIN DNPNNA PIVN NV : VYYD /A IVOND .NNPN
D>71IN-1T DININ DY NDVNVLINX 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.

m 2 NAVYNMNND NP299)32 DNTPNHN DINVI 049051
(MM 2)

NIV 1N NY

MY YAPY VN DIADPD .NAYMNHNN NPIANN DINNL DXNTPNND DINYN PIDYY NPIPND ONP
.DNPN N 12 VNN MY DIINDIN YT NTYNN NNINN

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.

'mi,n2 NVINND NPINIVPIN-IVIIN 049052
(M1 3)

1092 99NN



100

JPOINNP NPINIVPIR-IVIN - 046052
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1 07P MNNPN
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POV NN NTNOD NPT OYYA DVPINIY TIYD DIVYPINT DXVITIVDY NTYPN NTIVNIN
DYOPINIDN .APINKD NTNTI MNKXM PTIN NI DIDINNA NAT MYV DAY TIY ,1ND DIMINNI
IPNN XY Y122 PYNRI 2OV INND MMIYY NTIYNI PN NDMY .2 5D 1IN NIITNL DY

.TNON DINNA

DINNA DIV 92ND NI NIN

tMNPN
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.

akrwbdE

N2 N8N 99INN NN HVOVVD NPrO9 049054
(M 2)
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ML DMVIVIN DIV : TPNNNOPN YTTN PAD NP WP NDI0 MOLDYOLVD NPID
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:TMTTIPN NNVYPN MIOIYNI NYNDIN : NIND MIAYNI NPEPRIVIN DY DPXPON MAIN MIIWN
SV MINY NTIPIN NNNDY IV : MITTIPN NIDIYNA NIND M2V NPRIPRD NPINND DTN
D901 DMINIPINN DIRYI) : MVDIVLD NPID

Will not be given the year

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

m2 Yv93 .) NP2MIVID-) 049055
(MM 2)

NP3 99NN
DMVAN DMININ-NVNVY NPNIVIF-M - 046055

mn2 YV.N Y NN :NAYNINNM NN OINYI 049056
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sMNPN
.MN90NN DXINNNY

m2 DANYN DIDX1I-INDA NN N 049057
(M7 )2

YN 1N NY

NIDT NPNN DY NPOPIDIA NIMON .DXANWN DXD>T) YNV PNIDT OV DY NN ONPOWY MINIPY
DYNMININY DIHYNI NI NI DY NPDIDIN 132N MIAN MIN ,NMY NPNNOVI D»DIDA
,N RN PIPY .PI0N NN DI MPHN NONNR MIND 1ON NPV NN NNAIPY

DYNVPVLIIINY DPNIIWN DINPIYI MNNY NPINY MPANOV ,MNI

Will not be given the year

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

m 2 29599 NYaY HavNIN N1INY 049058
(MNP 2)

NIV 1N NY

91257 "1 ,0°000HD IND ND) NIVNINND NTNDI NPYYNI MIONN NPYL HY DMNNINION) PIINN
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PDOVPOD MINT DY DTN NXNND NIITIN NTIY 1D ,272PN NPYA 190N DY DTN

Will not be given the year

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

mn2 022YNN NVTINA N2WINYIY 099D HINN 049059
(M1 2)

7IUN N NY

D973 .D»N-3 DX, NPNDN ,NOIT,DO8Y ,0%97) HY AN, DPINNIDN NN
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Will not be given the year

Introduction: Representations, [somorphism, 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 YV 01NN v 049060
(MM 2)

VN 1N NY
MNYY YR IO 1PH,MNYI YW MOWNI DRTPNN IPNN IRW) .NNYPN MNYI SY Mown

Y networks N MoV Y DXNTPNN DNPIVINDY,DNWHN MNYI,NPITDD/NPVINON MNYI )Y
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VITIVON ONPN DO
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I0TY MNP .2

JPYTHN NN DYDY IO .3

Will not be given the year

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

At the End of the Course the Student

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

3. Acquire Technical Presentation Skills.

2 bo .y NVIP 0N 049061
(MMPy 2)

1 OTP ISP/ TS NISPN
JPNNNOPND NN - 046733

PR) DY NIV D1 DIPWN ON .NMINNDY NPNN DITIP DY NYTN NNAVN DN VP NN
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MNPN
[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] 1. Tal and A. Vardy, "How to construct polar codes,” IEEE Trans. Inform. Theory, vol. 59, pp.
6562-6582, 2013.

:NPNY MNHN
A2IVYP TIP NIYADY PAXND ,)IOND DI VITIVON

Polar Codes s TPYNNI OV

: TPYIINI DIADD

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

Learning outcomes:

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

N2 9)5v 19 -NYH NINYI MY 049062
(M7 2)

1089191 DTP MMISPN
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iR WwN

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 wvop 2 PONN NAPHNNI YIIN 049063
(MM 2)

101D MNLPN
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Information in Storage Devices__: 5993383 9990 oV

¥ LRATIA
.DIN2) DYPID) D IIND

Memory Systems, B. Jacob, S. Ng, D. Wang, Morgan Kaufmann Publishers, 1% edition (2007)
$ NNY MNIN
SV 19N NIWARNDN NPVIDIND NPNNINONT MIPANOVN NN P> VITIVDN DNPN YV NHXIN DDA
¥ 219w .DOWNHNVYN M2 PONK MDY DX9>TI XD NN MY 03770 NONN MIPNN

MPIY NPIPNND NN IWORNDN PPN D95 VO PAIY YINHD MNIWN) DOVHRNN DTN
DYDVPINY

Sylibus :

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

b. Algorithmic problems

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

decided based on class size.

Learning outcomes:

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

storage.

N2 Magy . NNNN T2V NIENIT MOV 049064
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sMNPN

1. G. Aubert and P. Kornprobst. Mathematical problems in image processing: partial
differential equations and the calculus of variations. VVol. 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. VVol. 1. Stuttgart: Teubner,
1998.

4. Recent research papers.

1 D799 MINSIN

: VITIVLON DINPN DDA
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D90 VPMI 50% ,1°2 NTIAY 50% 118N 299D

Variational methods in image processing :19)3832 9990 oV

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

optimization tools.

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

know advanced image processing algorithms which are based on these methods
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tMNPN
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.
ml,n2 Pl 2PVYN NUTINY NIINNPND NPIIN 108327
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tMNPN
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.



