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Interoduction tdistributed Systems, TCP/IP and Client Server Programming , RCP, Messaging, RMI
, Web Services, Transactions & Concurrency , Replications, Processes Synchronization and Deadlocks
(local and Distributedistributed File system, Logical and Physical Clockscurity and Protection ,
peer 2 peer networks.
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Result of Learning:
The course will teach the principles of distributed systems engineering. Theory concepts will be
thought and demonstrated using modern distributed middlewares. At the eadtofithe students will
have the knowledge to design and implement distributed software systems.
OYAYi &
Tanenbaum, A.: "Modern Operatifgystem$ PrenticeHall, 1992. s.n. 2130930.
Colokris, G.F., Dollimore, J.: "Distributed Systems: Concepts and Design"
Addison Wesley, 1988. s.n. 2100667.
Lea, D.: "Concurrent Programming in Java: Design Principles and Patterns".
AddisonWesley, 1997. s.n. 2178083.
Bernstein, Ph. A., Hadzilacos, V., Goodman, N.: "Concurrency Control and
Recovery in Database Systems". Addidgasley, 1987. s.n. 2028340.
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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
completenesdynamic and linear programming Additional advanced ttldimic techniques.
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Expected teaching benefits:

Acquaintance with advanced graph algorithms, linear programn@dggtions among computational
problems, and basic principles of computability and complexity theory.

OYOVYi e
1. Cormen, T.H., Leiserso§.E., Rivest, R.L. Introduction to Algorithm&&d.,
MIT Press, 2010.
s.n. 2309426 39 ed., 2010.
s.n. 2232918 2"ed., 2001.
s.n. 2099273 1°ed., 1990.
2008RYOI U 'eYQU LAa®0a0vYUao
2008 UJ22l9L9@23e .
1.998" A2'196G# 87 =
3. Sipser, M. Introduction to the Theory of Computatiolf.€2l. Thomson/Course Technology,
2006. s.n. 2270984.
4. Kleinberg, J. Algorithm desigriRearson/AddischiVesley, 2006.s.n. 2271029
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English syllabus:
Advanced course in computer networks and internet. App;ication layer:principles,DNS,HTTP and
WEB, P2P and clienserver applications. Transport layer:TCP,UDP,flow control, congestion control.
Network layer: Virtual LANs, IRPv4 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, performaanalysis tools which are based on queuing,

optimization and graph theories.
2) Knowledge of routing principles and flegontrol from both theoretical and practical peifitview.

At the end of the course, the student will have sufficient knowledge @fdtementioned 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 @pwn Approach, Pearson 2010
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Syllabus:

Analysis and design of RF circuits and systems for communicatitn,an emphasis on CMOS
monolithic implementation for which nonlinear response must be included. Transceiver architectures,
analog and digital modulators, radfcequency mixers, voltageontrolled oscillators and noise
considerations, frequency synthesrs 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 taadsADS and Virtuoso.
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LearningOutcomes:The course will enrich the knowledge in the field of RF circuits for
communication systems, especially the analysis and understanding dingam elements. The
student will acquire the ability to design practical communication system bassdraration
exercises and projects that will be given during the course.
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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. AM. 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. \WWday, 2
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1. Turro, N.J. Modern Molecular Photochemistry. UrBeience Books, 1991.
s.n. 2212512.

2. Pope, M., Swenberg, C.E. Electronic Process@ ganic Crystals and Polyme 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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1. Philippe Robert. "Stochastic networks and queues" Springer (2003)

2. Hong Chen and David Yao, "Fdeimentals of queueing networks" Springer (2001)
3. Ronald W. Wolff, "Stochastic modeling and the theory of queues" Pretit€1989)
4. Richard Serfozo, "Introduction to stochastic networks" Springer (1999)

5. Research papers
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1. Dayan, P., Abbott, L.F. Theoretical Neuroscience: Computational and Mathematical Modeling of
Neural Systems. MIT Press, 2001. s.n. 2244343.
2. Koch, C. Biophysics of Computation: Information Processing in Single Neurons.
Oxford Univ. Press, 1999.rs.2205816.
3. Gerstner, W., Kistler, W. M. Spiking Neuron Models: Single Neurons, Populations, Plasticity.
Cambridge University Press, 2002. s.n. 2247485.
4. Izhikevich E. M. Dynamical Systems in Neuroscience: The Geometry of Excitability and Bursting.
MIT Press, 2007. s.n. 2286471.
5. Ross, S.M. Introduction to Probability ModeB" ed. Academic Press, 2007.
$.n.2289098- 9" ed., 2007.
s.n. 253618 8" ed., 2003.
s.n. 2213474 7" ed., 2000.
s.n. 2183460 6" ed., 1997.
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INTRODUCTION TO ELECTRIC POWER SYSTEMS and SMART GRIDS

Syllabus

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

THE TOPICS ARE THREEPHASE CIRCUIT TRANSFORMERS, SYNCHORONOUS GENERATORS,
TRANSMISSION LINES, PHOTOVOLTAIC SOURCES, INTRODUCTION TO POWER ELECTRONICS, POWER
FLOW ALGORITHMS, ECONOMIC OPERATION, AND AN INTRODICTION TO PWER SYSTEM DYNAMICS
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1. N. W. Ashcroft and D. Mermin, Solid State Physics, New York: Holt, Rinelmai\Vinston, 1976
2. C. Kittel, Introduction to Solid state physics, Wiley, 2005
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Wenshan Cai & Vladimir Shalae@ptical Metamaterials: Fundamentals aplications
(Chapters 6,8), Springer, 2009
Stefan A. Maier, Plasmonics: Fundamentals and Applications (Chap8ysSpringer, 2007
Grahm T. Reed, SilicoRhotonics: State of the Art (Chapters 4,7), Wiley, 2008
Lukas Novotny & Bert Hecht, Principles of Naptics, Cambridge University Press, 2006
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Nano-photonics and optical metamaterighsd 4 Ué dU  é 8 Yi U

English syllabus:

Maxwel |l s equations in matter ; -drongpeRtiossj o n, m
evanescent waves; the pilasnic resonance, surface plasmons and plasmonic
resonatonsvaveguidesintroduction to integrated photonics; periodic optical nanostructures and
introduction to metamaterial engineering: effective medium approximation, negative refractive

i ndex anndf eicTth eL ePassldtion asdunpnescopy; transformation optics with
metamaterials (cloaking).

Learning Outcomes:




The students will learn the design principles of rphotonic devices for sensing, imaging,
communications etc. In this respect, stedents will be acquainted with:
1) The electromagnetic traits of materials, required for Faimatonic devices, and how to
engineer them.
2) Unique electromagnetic phenomena in nghotonics (such as surface plasmons).
3) Current and future uses foanephotonic devices.
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The Drude of metal / The Sommerfeld theory of metals.Crystal lattices Lattices ths reciprocal
lattice. X7 ray diffraction. Electron levels in periodic potential. Ths semiclassical model of
electron dynamicd¢lomogeneous semiconductors. Classical theory of the harmonic crystal.
Quantum theory of the harmonic crystal/

OYBYi &
1. N. W. Ashcroft and D. Mermin, Solid State Physics, New York: Holt, Rinelmair\Vinston, 1976
2. C. Kittel, Introduction to Solid statghysics, Wiley, 2005
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2. Razavi, B. Design of Analog CMOS Integrated Circuits. McGrally 2001. s.n.2227194
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1. R. Van De PlassciEMOS integrated analem-digital and digitalto-analog converters,

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

IEEE Press, 1992.
3. K.R. Laker, Design of analog integrated citstand systems, MCgrakill 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 TranscondueBapacitor Filters. Kluwer, 1992.
s.n. 2128151.
2. The Circuits and Filters Handbook. Edited by ChenV2" ed., CRC Press, 2003. s2281178.
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1 G.James, D. Witten, T. Hastie and R. Tibshivdni/ntroduction to Statistical
Learning Springer, 2013.

1 Y. Abu-Mostafa, M. Magdotismail and H. LinLearning from Data.: AShort Course
AMLbook, 2012.

C. Bishop Pattern Recognition and Machine Learngginger , 2007.

T. Hastie, R. Tibshirani and J. Friedm@he Elements of Statistical Learnj@ Ed.
Springer, 2009.

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

R. Duda, P. Hart and D. StoRattern Classificatior@ Ed., Wiley, 2001.

E. Alpaydin,/ntroduction to Machine Learning® ed., 2014.

S. ShalesShwartz and S. Ben Davitlnderstanding Machine Learnjifigambride,
2014.
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1. Mitchell, T.M. Machine Learning. McGramill, 1997. s.n. 2186354
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1. Slotine, JJ.E., Li W. Applied Nonlinear Control. Prenti¢tall, 1991. s.n.2123273.
2. Khalil, H.K. Nonlinear Systems.Bed. PrenticeHall, 2002.
s.n. 2241933 3% ed., 2002.
s.n. 2255381 3" ed., 2000.

s.n. 2177854 2"ed., 1996.
3. Verhulst, F. Nonlinear Differential Equations and Dynamical Systeffied2 Springer, 1996. s.n.
2175537.
4. Advances in variable structure and sliding mode control. Edited by Edwards, C., Colet, E. Fossas,
Fridman, L. Lecture notes in control and information sciences, 334. Springer, 2006. s.n. 2282712.
5. Edwards, C., Spurgeon, K. Sliding mode control: theory and applications.
Taylor & Francis, 1998s.n. 2280801.
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1. Jain, A. K. Fundamentals of Digital Image Processing. PreHtitle 1989. s.n.2065704
2. Gonzalez, R.C., Woods, R.E.Digital Image Processifigd3 AddisornWesley, 2007.

s.n. 2279936 3“ed., 2007

s.n. 2238212 2"ed., 2002

s.n. 21283329 1% ed., 1992.
3. Gonzalez, R.C. Digital Imagerocessing Using MATLAB'? ed. Gatesmark , 2009.

s.n. 230757% 2" ed., 2009.

s.n. 2259287 1% ed., 2004.
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. Porat, B. Digital Processing of Random Signal: Theory and Methods.
PrenticeHall, 1994. s.n. 2144342.
. Kay, Steven M. Fundamentals of Statistical Signal Processing. Vol.1.
PrenticeHall, 19931998. s.n. 2157997.
. Papoulis, A. Pillai, S.U. Probability, Random Variables, and Stochastic Processes.
4" ed., McGrawHill, 2002.
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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 FORDATA CLUSTERING.

7. EXPLAIN AND IMPLEMENT ALGORITHMS FOR OUTLIER DETECTION.
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Analog Communication Course Overvig@ompiled 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 mamade, by means of timmontinuous waveforms. Digital signals do not
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exist in the physical world everything is analog. Thus t hi s cour se ai ms wel | be

AM/FM radio, laying solid foundations for representing analog random processes in the time and



frequency domain and performing linear and nonlinear processing on theseisigmasling the

basis for modern eomunication and measurement techniques in all their forms.

Topics: Linear modulation and detectiolAM 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 foficsiudies of digital
communication, signal processing, instrumentation systeimsmeasuremerdand 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 stelgvant forever as they are not related to particular analog
technologies (e.g., the theory of phamase presented here in the context of FM, is relevant wherever
phase noise arises).
OYOVYi e
1. B.P. Lathi: Modern Digital and Analog Communication Syst&@fsEdition, Oxford University
Press 1998,
2. Calson, A.B., Crilly, P., Rutledge, J. Communication Systems: An Introduction to Signal and Noise
in Electrical Communication5" ed. McGrawHill, 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.

G&é: C YA 0o0YNUVBWWUAIDLOYO 155

aleviie )

0ao0o0il é oidMmi2dd QY

éyYyuaaeé
danevys adaigveas 0YU
d4aai Yé OYOYURU éid d0axYR-AAU &aay

daoUeaélU aseéeaUY 4&avYsd

- A0 d4aéeYiaAaUavyvmagdoaiavavaeama oayodgeaaensau
ReedMuller aUY7 , daaeaUVvYi

audaay MmeéR®eare ,84a00Yieae , 400040

aAaUdaay Reéeil a 4é UatT YavyueyvYi
A44aUaédyYi o BGR RWeeEYi- ddawiva
60U aol0vi dYUeé 4d4aauvaaosaag

Updated syllabus

a. Introduction to coding for noisy channels (2 hours)
b. Linear block codes introduction, with background material in group theory (4 hours)
c. Syndrome decoding and the standard array (2 hours)



d. Linear block codes Hadamard codes for orthogonarsals, performance analysis of coherent
detector, Reedluller codes (3 hours)
Convolutional codes: algebraic view, encoders, Viterbi MAP decoding (7 hours)

e.

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

g. The BCJR algorithm forecursive convolutional codes (2 hours)

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

Total: 26 hours, consisting of 13 lectures of two hours each
UO&dea 401 YO0
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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 useemrecting codes are
designed for good performance under practical constraints of transmission power, bandwidth,
dataprocessing delays, and encoding/decoding complexities. The course emphasis is on both
deep fundamental principles of coding, and practical aspects of cadings code design and

probabilistic performance analysis.
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Lin, S., Costello, D.J. JrError Control Coding: Fundamentals and Applications.
2" ed. PrenticeHall, 2004. s.n. 2258968.

2. Rah, R. M. Introduction to Coding Theory. Cambridge Univ. Press, 2006. s.n. 2274065.
3. Proakis, J.G., Salehi, M. Digital Communicatiorf8e8.McGrawi Hill, 2008. s.n2296798
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1. McDonough, R.N., Whalen, A.D. Detection of Signals in Noitea.
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 1. Wiley, 1966. s.n.215593.
4. Proakis, J.G., Salehi, MDigital Communications. Sed. McGraw Hill, 2008.
s.n. 2296798 5" ed., 208. s.n. 2224766 4™ ed., 2001
5. Helstrom, Carl W. Statistical Theory of Signal Detectid?.ed. Pergamon, 1968.
s.n. 2021082.
Gdlager, Robert G. Principles ofifital Communication. Cambridge, 2008. s.n. 2293750.
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 Pw#dismission (pulsehaping for inteisymbolinterference

cancellation and matched filtering), Orthogonal PAM and OFDM transmission, Sgpeattum
transmission, Channel equalization of the Zerging (ZF) and minimurmeansquareerror (MMSE)

types, Adative equalization.
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Learning products:

Communicatiortheoretic principles for efficient or optimabnsfer 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 ingght 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.

OYAYi &




=

Haykin, S. Communication Systems" dd. Wiley, 2001s.n. 2216160.
2. Proakis, J.G., Salehi, M. Digital Communicationd? €6l. McGrawi 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. Md@raw
1996. s.n. 2208736; s.n. 214780.
4. Barry, J.R., Lee, E.A., Messerschmitt, D. Digital Communicatidhe®. Kluwer, 2004.
s.n. 2255010 3“ed., 2004. s.n. 217612@" ed., 1994
5. Tse, D., Viswanath, P. Fundamentals of wireless communication. Cambridge University Press,
2005. s.n. 2281019
Gaddsmith, A. Wireless communications. Cambridge Univ. Press, 2005. s.n. 2290088.
Madhow, U. Fundamentals of digital communication. Cambridge Univ. Press, 2008. s.n.
2297401.
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1. Silberschatz, A., Galvin, P.B., Gagne, Gperating System Concepts™ &d.
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 System$§.e® PrenticéHall, 2009.
s.n. 2293896 3" ed., 20009.
s.n. 2229832 2" ed., 2001.
3. TheDesign and Implementation of the 4.4BSD Operating Systems. Edited by McKusick, M.K.,
Bostic, K., Quanterman, J.S. Addis@vesley, 1996. s.n.2254981.
4. Bach, M.J. The Design of the UNIX Operating System. Preftelé 1986. s.n.2019693
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1. Cdlin, R.E. Foundations for Microwave Engineeringld @d. IEEE Press, 2001.
S.n. 2268714, s.n.2122625.
2. Paar, D.M. Microwave Engineering."2d. Wiley, 2005.
s.n. 2258561 39 ed., 2005.
s.n. 2189023 2" ed., 1998.
3. Harrington R.F. Timei Harmonic Electromagnetic Fields. IEEE, 2001.
s.n. 254992;s.n. 2122041961.
4. Cdlin, Robert E. Field Theory of Guided Wave&? &d. IEEE Press, 1991.5.n.2100691.
5. Schachter. L. Microwave Lecture Notdgchnion, 2009.
http://webee.technion.ac.il/people/schachter/Teaching/microwagksd.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 quasgutrality .

Quasi fermi levels.

PN junction

Generation recombination currents, and breakdown mechanisms.

Metal semiconductor junction under equilibrium and under bias.

Transient phenomena. L ) )
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Result of learning:

Understanding the physics of semiconductors that govern the operation of electron devices.

Familiarity with the basic assumptions that allow for simulations and calculations of device
physics, and some electrical characterization techniques of electron devices.
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1. Pierret, R.E. Advanced Semiconductor Fundamentdfsed2 PrenticeHall, 2003.
s.n. 2248908 2™ ed., 2003.
s.n. 2067323 1%ed., 1987.

2. Steetman, B.G., Banerjee, S. Solid State Electronic Devicked.@renticeHall, 2006.
s.n. 2274392 6" ed., 2006.
s.n. 2216624 5" ed., 2000

3. McKelvey, J.P. Solid State and Semiconductor Phy${cieger, 1984. s.n. 213434, s.n.
2001625.

4. McKelvey, J.P. Solid State Physics for Engineering and Materials Science. Krieger, 1993. s.n.
2229416.

5. Smith, R.A. Semiconductors."%ed. Cambridge Univ. Press, 1978. s.n. 227995.

6. Sze, S.M. Physics of Semiconductor Device8e® Wiley, 2007.
s.n. 2284483 3" ed., 2007.
s.n. 205744 2"ed., 1981.
2279420
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S.M. Sze and Kwok K. Ng, Physics of Semiconductor Devices, Willey, (2006).

Advanced Electron Devices® A a Ué gU édYi U

English syllabus:

Heterojunctions and their applications in fast transisfmsier transistors, and lasers. Review of
principle of operation of bipolar transistors, heterojunction bipolar transistor. Silicon power devices.
Impact ionization. New semiconductors silicon carbide and diamond. Ne@M&@S memory

technologies. Devicarmaulation software.



Learning Outcomes:
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 run device simulation software
3. understand physical phenomena related to electron devices described.

Textbook

S.M. Sze and Kwok K. Ng, Physics of Semiconductor Devices, Willey, (2006)
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1. Fary, D.K., Goodnick, S.M. Transport in Nanostructures. Cambridge Univ. Pré3s,sn.
2204755.

2. Imry, Y. Introduction to Mesoscopic Physic$? &d., Oxford Univ. Press, 2002.
s.n. 2241028 2"ed., 2002.
s.n. 2183086 1%'ed., 1997.

3. DattaS. Electronic Transport in Mesoscopic Systems. Cambridge Univ. PrE385. s.n.
2199290.
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Undeland, T.MPower electronics: converters, applicatigviley,2003 s.n226932.
Jayant, J.JFundamentals of powaemiconductor deviceSpringer 2008. s.n473130
Benda, B & Grant, D.A. Power semiconductor devices: theory\&iidy, 1998. s.n.97648.
Szu, D.A. Physics of semiconductor devices. Wiley, 1981. S.n. 65661
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5. Lilang, Y.C. Power microelectronics device and process. Worleh&ific, 2009. S.n. 279009.
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Integrated Circuit$ Introduction to VLSI (046237)
This coursewill 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 aé micro
processors, ghal processors memories. For example, circuit architectures, sircuit simulations &
optimization, design pitfalls, design trad#s, design robusteness & reliability, process impact, and
layout.
Attention is also given to important challenges facing digitrcuit 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 perspeaté.
The course topics include:
9 VLSI Designi introduction + future prospects.
9 Scaling, Modeling & Delay models.
1 CMOS Manufcturing process.
1 Layout
9 Circuit Simulations, mpcess variations' Design Flow
1 Combinatinal Circuits Desigh Logic Families
1 DynamiclLogic
9 Other high speed logic architectures, both static and dynamic
1 Optimisation for speed
1 Low power Design & Voltage Scaling
1 Timing Concepts Synchronous elements and synchronous design.
1 Clock & power distribution.
9 Semiconductor Memories.
1
OYdYi e

1. Weste N. H. E., Harris, D. F. CMOS VLSI design: a circuits and systems perspa‘,‘tm. Addison
Wesley, 2005.
s.n. 2273032 39 ed., 2005.
s.n. 2151035 2™ ed., 1993.

2. Rabaeyy.Digital Integrated Circuits: A Dégn Perspective."ed. PrenticeHall, 2002.
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s.Nn. 2264129 2" ed., 2002.
s.n. 220726% 1*ed., 1996.
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1. CohenTannoudi, C., Diu, B., Laloe, F. Quantum Mechanics. Vol. 1. Wiley, 1977. s.n.1200.
2. Sakurai, J. J.Modern Quantum Mechanieddisori Wesley, 1994. s.n.2141298.
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1. A. H. Beck, Statistical mechanics, fluctuations and noise, Edward Arnold Pub., 1976.
2. C. Kittel, Elementary statistical physjcJohn Wiley & Sons, 1958.



3. F. Reif, Fundamentals of statistical and thermal physics, McGIhwL965.

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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1. Jmes, D.S. Methods in Electromagnetic Wave Propagation. Clarendon Press, 1987.
s.n. 2111717 1987
s.n 2011763 1979.
2. Born, M., Wolf, E. Principles of Optics: Electromagnetic Theory of Propagation, Interference and
Diffraction of Light. 7" ed. Cambridge University Press, 1999.
s.n. 2208344 7" ed., 1999.
s.n. 202062 6" ed., 1980.
s.n. 209968 5"ed., 1975.
3. Goodman, J.W. Introduction of Fourier Optic&! &d.Roberts, 2005
s.n. 2274873 3“ed., 2005.
s.n. 2164993 2" ed., 1996.
s.n. 2648 1%ed., 1968
4. Janes, G.L. Geometrical Theory of Diffraction for Electromagnetic Waves.
2"rev. ed. Peregrines, 1980. s.n.200337.
5. Electromagnetic and Acoustic Scattering by Simple Shapes. Edited by Bowman, J.J., Senior,
T.B.A., Uslenghi, P.L.E. Hemisphere Pub. Corp., 1987. s.n. 2230351.
6. Tyras, G. Radiation and Propagation of Electromagnetic Waves. Academic Press, 1969. s.n.
2030369.
7. Balanis, C.A. Advanced Engineering Electromagnetics. Wiley, 19892056r91.
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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
measuing methods and systematerferometry. Holographic interferometry. Range finder. Optical
gyroscope.

- O0YAVYi &

=

Shamir, J. Optical Systems and Processes. SPIE Press, 1999. s.n.2203436.
2. Goodman, J.W. Introduction to Fourier Optic& &l. Roberts, 2005

s.n. 2274873 3“ed., 2005

s.n. 2164993 2" ed., 1996.

s.n. 2648 1%ed.,1968
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1. Yariv, A. Yeh, P. Photonics: Optical Electronics in Modern Communicatiofigd6
Oxford Univ. Press, 2006. s.n. 2290538.
2. Boyd, R.W. Nonlinear Optics. Bed. Elsevier/Academic Press, 2008.
s$.n.22318783 ed., 2008.
3. Agrawal, G.P. Nonlinear Fiber Optics™ dd., Academic Press, 2007.
s.n. 2289576 4" ed., 2007.
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Nonlinearity and periodic structures in photonics 0aalUegu éavYi U

English syllabus:




Proropagatiomf light beams in periodic structur@nd in fiber gratings, dispersion in fibers,
pulse propagation in dispersive media, acougtic and magnetoptic effects, intoduction to
nonlinear optics, wave propagation in nonlinear media, wave mixing and faquen

conversion, wave propagation in fibers (NLS equation), applications of nonlinear optics.

Learning Outcomes:
At the end of the course, the student wilderstand phyical concepts and mathematical
models to analyze:
1. Coupling between optical beamsgariodic media. Calculation of the spectrum of fiber Bragg
gratings.
2. Diffraction in optical fibers an its effect on pulse propgation.
3. Modeling of nonlinear effects in Maxwell equations.
4. Wave mixing and frequency conversion in nonlinear optical media.mjperinace of phase
matching.
5. Wave propagation in fibers (NLS equation).
6. Nonlinear optics in applications for frequency conversion and in optical fiber communication.
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1. Balanis,C.A. Antenna Theory: Analysis and Desigff. &l. Wiley, 2005.
s.n. 22664453 ed., 2005.
s.n. 21729132" 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 Applicatiori$.e8. McGrawHill, 2002.
s.n. 2245409 3 ed, 2002.
s.n. 2062883 2" ed., 1988.
4. Stutzman, W.L., Thiele, G.A. Antenna Theory and DesigH.e@., Wiley, 1998.
s.n. 2189294 2"ed., 1998.
s.n. 2165 1%ed., 1981
5. Cdlin, R.E. Antennas and Radiowave Propagation. McGily 1985.

S.n.2011548.
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Advanced Circuits and Architectures with Memristors

English Syllabus

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

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

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

THE IMPLICATIONS OF THESE APPLICATIONS ON COMPUTER ARCHITURES ARE DISCUSSED,
INCLUDING FOR NONVON 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 STATEOFRTHE-ART RESEARCH RELATED TO MEMRISTORS

Tentative Syllabus

Background and theory
Device theory
Device modeling
Device physics and fabrication
Memory
Memory
Logic circuit design
Logic inrmemory architecture
Memory intensiveaarchitectures
Neuromorphic computing
Nonlinear Circuits
Information and coding theory
Security
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English syllabus:

Language and grammar. The structure of a compiler. Bas#ing technique. Syntax directed
translation. Symbol tables. Runtime and global code optimization.
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Reault 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-fikerlahguages
with controHlow statements, function calls and more, into equivalent programs of assiéalay
intermediate languages, run the compiled programs astlggignated simulator, as an integral part of
the course ) }
OYOYT &
Aho, A.V., Sethi, R., Ullman, J.D. Compilers: Principles, Techniques, and T%lisd 2Addisori
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, performanceemeaguhierarchical
memory, virtual memory, memoirganization. Rocessor organization and control for parallel
execution: pipelining, Out Of Order execution, branch prediction and speculative execution, loop



unrolling and software pipelining, superscalar, VLIW, muhreading, multicore, Input/Output:
storage andammunication subsystems, interrupts. The softwa@sS boundary.

. O0YdYi e
Hennessy, J.L., Patterson, D.A. Computer Architee A Quantitative Approach" ed., Morgan
Kaufmann, 2006.
s.n. 2285679 4" ed., 2006.
s.n. 2243749 3 ed., 2003.
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Constructive Computer Architecture : 0 4aaUeé @U éad Vi

Syllabus

This course teaches practical aspects of microprocessor design methodologies and
implementation. Topics include design methodologies such as guarded atomic transactions
and intramodule state transfers. In addition, the course teaches combinational @iedip
ALUs, in-order pipelined microarchitectures, branch prediction, and caches. The course will



be graded based on several practical assignments and a final project. The course will also
teach the Bluespec higavel HDL for implementing and synthesigl hardware.

The students will be exposed to practical aspects and problems arising when implementing

real processors. Throughout the course, the students will understand how to break the concepts
taught in introductory classes and textbooks into real working commoneraddition, the

students will learn concepts in the new generation of-legél hardware description

languages (HDLs) by learning the Bluespec System Verilog.

The course grade will include the grades for the home assignments, a final project atd a sho
exam.
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English syllabus:
The course deals with modern methodologies for constructing softwaare systems. The first
part of the course 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
designmethodologies.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 method
-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.

. O0YdYi e
. Liskov, B., Guttag, J. Program Development in Java: Abstraction, Specification, and Object Oriented

Design. Addisori Wesley, 2001. s.n. 2243117.

. Design Pattens: Elements of Reusable Obij&atiented Software. Gamma, E. [et al.]. Addigon
Wesley, 1995. s.n.2163845.

. Campione, M., Walrath, K., Huml. A. The Java Tutorial: a Short Course on the BaSiesl.,3
Addisoni Wesley, 2001. s.n.2219314.

. The Java Tutorial: A Short Course on the Basics. Zakhour, S. et al. Adtfissiey, 2006. s.n.
2298680.

. Edkel, B. Thinking in Java. "ed. PrenticeHall, 2006.
s.n. 2280290 4™ ed., 2006
s.n. 2251540 3“ed., 2003.

. Fowler, M. UML Distilled: A Brief Guide to the Standard Object Modeling Languag¥.ed,
Addisoni Wesley, 2004.
s.n. 2255632 3“ ed., 2004.
s.n. 2224963 2"ed., 2000.

. Larman, C.Applying UML and Patterns: An lintroduction to Obje@tiented Analysis and Design
and the Unified Process. Prentidall, 2002. s.n. 2247747.

. Meyer, B. Objectoriented Software Construction®2d. PrenticéHall, 1997. s.n. 2164088.

. Rumbaugh, JThe Unified Modeling Language Reference Manu#le@l. Addison
Wesley, 2005. s.n. 2287374.
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1. Distributed Algorithms
Nancy A. Lynch; Hardcover ; Morgan Kaufmann.
2. DistributedSystems (Acm Press Frontier Seriesy élition)
Sape Mullender (Editor) ; Hardcover ; Addison Wesley.
3. Papers from current literature.
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1. J. Armstrong, Programing Erlang: Software for a concurrent world, Pragm
atic Bookshelf, 2007.

oA aaUnRe o0éUeUU 157
(oYDY
UenlU coeada @s:
) alUi ovYeyvii
) ) ) Y@ & aUioR4as 2U6e7U e
YO Uaéi U oWé@EaﬂWerU@éeéOMéGaéowéUae
daUnRae oélelWoasdsanye a
_ dadeYU Y@ &aaUb o
vuaéi U ovyaase3vseUeU
011 @YU ORPZa GCGRPUEDAdDH>IaVEARaDEVUEEEYROU &d4aadi
oYUafiYe O0Y&d0éae NnYxeaeyY ¢cad0 an oYaoYUase oYadn &
aal agee
UOadea oY@TY
A0YQP OVYUAN efGPUSY@ V@50 d A& éae d44aa Y.
AYdVYi e
OYdi éUx 440 =0
Students will acquire practical tools to design GPU programs and build computing¢gBldrated
systems
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1. Ebcioglu, Kemal, Erik Altman, Michael Gschwind, and Sumedh Satbggamic binary translation and

optimization." Computers, IEEE Transaction®d0nno. 6 (2001): 52548.
2. Ung, David, and Cristina Cifuentedldthine-adaptable dynamic binary translatiofi In ACM SIGPLAN

Notices vol. 35, no. 7, pp. 481. ACM, 2000.
3. Nethercote, Nicholas, and Julianv&ed. "Valgrind: a framework for heavyweight dynamic binary
instrumentation.” In ACM Sigplan noticesol. 42, no. 6, pp. 8200. ACM, 2007.
Gschwind, Michael, et alDynamic and transparent binary translatioftComputer33.3 (2000): 549.
5. Pin manualhttps://software.intel.com/sites/landingpage/pintool/docs/71313/Pin/html
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Dynamic Binary Translation and Optimization : 0 4aaUeé @U ¢é & Vi

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 dynanti@anslation cache and its management, hotspot

detection, intermediate representations and code transformation, dynamic code analysis, main
types of binarylevel optimization, dynamic profiling.

Learning outcomes:

The students will learn modern methodsdgnamic code analysis and optimization. Such
methods are common throughout the software waoiidm dynamic binary translation in
virtual machines in the cloud and mobile devices, to dynamic optimization in modern,
dynamically compiled programming langyes.

The course grade will include the grades for the home assignments, the final project and an
exam.


https://software.intel.com/sites/landingpage/pintool/docs/71313/Pin/html
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PRINCIPLES OF PROGRAM ANALYSIS : ~ . s
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SEMANTICS WITH APPLICATIONS: A FORMAL INTRODUCTION : ~ s bl
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Englishsyllabus: UYed a a@giiYe ééYelIéeaéyYUa coae - a
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, COUNTEREXAMPLEGUIDED 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/O DEVICES, OSND
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/O 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 andHwu. 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 softwaterdware interaction. It coversardware design as well as

programming models, patterns and software optimization techniques for-pgformance with

multi-core systems, vectorized systems, and recent dorspircific hardware accelerators (e.g.
acceleration of deefearning inference)Learning is based aquantitative evaluation of
hardware/softwareperformance The course includes a few significant home assignments in parallel
programming to practice the learned material. Overall weekly lp&dours.



https://www.bookdepository.com/author/David-B-Kirk
https://www.bookdepository.com/author/Wen-Mei-W-Hwu

Learning Outcomes:

The studenhwill be able to

1 Bvaluate computer system architectures through understanding of the trends in computer
architecture from multicore, GPUs and latest domain specific accelerators.

91 Develop software using differepiarallelprogramming models, SW optimizan techniques
and patterns for efficient parallel HW utilization.
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Bishop. Introduction to Computer Security. Addiséfesley. 2005.
2. Stinson. Cryptographiy Theory and Practice. Chapman & Hall/CRC. Third Edition.
2006.
3. Narayanan, Bonneau, Felten, Miller, Goldfeder. Bitcoin and Cryptocurrency
Technologies. Princeton, 286.
4. Costan, Victor, and Srinivas Devadas. "Intel SGX ExplaingtCR Cryptology ePrint
Archive2016.086 (2016):-118.
5. Papers on recent topics
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Introduction to Cybersecurity 6aalUe guU éaYi U

English syllabus:




Security is a critical element in the design of modern computer systems from servers, to
mobile devices, vehicles, and [oT. This course will provide the basic tools to reason about,
develop, and analyze computer systems security. Toutgle: principles (security policies,
threats, vulnerabilities), cryptographic tools (definitions, symmétig publickey,
cryptosystems, DH kegxchange, hash functions), authentication (human, machine),
authorization, privacy (anonymity, differeatiprivacy, web), security with gantbeory
(blockchain, proof of work, proof of stake), secure hardware (Trusted execution
environments, e.g., SGX and Trustzone), confinement Problem, information flow, hardware
sidechannel attacks and mitigations (ca¢hming attacks, power channel attacks, speculative
execution attacks, Rowhammer).

Sources:

1. Bishop. Introduction to Computer Security. Addisdfesley. 2005.

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

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

4. Costan, Victor, and Srinivas Devadas. "Intel SGX ExplainBfCR Cryptology ePrint
Archive2016.086 (2016):-118.

5. Papers on recent topics

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

Grading:
I 75% exam

1 25% homework
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English syllabus:

Developing a systerdgvel 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 asoopuitsystems 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 throughChemical synapses. The Hodgkiuxley 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:

1 Define basic components tife behavior of neuron

1 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

1 Analyze qualitatively, yet presely, nonlinear dynamical systems in two dimensions

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

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

=

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 Presa001. s.n. 2244343.
3. lIzhikevich, 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. s.n.2170375.
Strogatz, Steven H. Nonlinear Dynasgriand Chaos: With Applications to Physics, Biology,
Chemistry, and Engineering. Addistviesley, 1994/ Westview Press, 2000. s.n. 2153149.

ok

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 oadyic signals. Automatic gain control in the
retina. Image representation in the combined frequensition space. Psychophysical detection laws.
Models for signal processing in the visual system. Image structure and technological aspects
(Computer Visioin
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Result of learning:

The visual input:

V Photometryi comprehending the units of measurememts calculating the perceived brightness
of light in the visual system.

V Colorimetryi comprehending the CIE1931 XYZ color space and calculating the visual color
perception.

V Spatial frequency comprehending the response of the visual system to spatiaéfregand
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 céracteristics:

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 concerninggortal basis and signal
representation. Calculating thedsithonormal basis. Comprehending the spditeduency
domain and utilizing the Gabor functions to represent signals in this domain.

Auditory system:

V Comprehending the units of measurements armlilzding values concerning acoustics.

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

cO0YBYi e
1. Levine, M.D. Vision in Man and Machine. McGraill, 1985. s.n.2005119.
2. Marr, D. Vision. Freeman, 1988.n.211377.
3. TheSeses. Edited by Barlow, H.B., Mollon, J.D. Cambridge Univ. Press, 1982. s.n.215319.
4. Willams, C.S., Becklund, O.A. Optics: A Short Course for Engineers & Scientists.
Wiley, 1972. s.n. 2008469.
5. Gregory, R.L. Eye and BrairThe Psychology of Seeing."&d. Oxford Univ. Press, 1998. s.n.

2183602.

6. Yost, W.A. Fundamentals of hearing: An Introductiofed. Academic Press, 2000. s.n.
2232634.

7. Overington, I. Computer Vision: A Unified, Biologicaliylnspired ApproachElsevier, 1992.
s.n. 2152900.
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1. Giladi, R.,Network Processors: Architecture, Programming, and Implementdidongan
Kaufmann (Elsevier), 2008, ISBN 94B12-3708915
2. Comer, D.Network Systems Design Using Network Process$aitel IXP Version,
Prentice Hall, 2004
3. Lekkas, P.Network Processors: Architectures, Protocols, and PlatfoieGrawHill,
2003
4. Crowley, P. et al. Network Processor Design: Issues and Practices, Volymeddemic
Press, 2003
5. Franklin, M., et al.Network Processor Design: VolumgMorgan Kaufmann, 2003
6. Franklin, M., et al.Network Processor Design: Issues and Practit&s. 3, Morgan
Kaufmann, 2005
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1. Agrawal, G.P. FibeDptic Communication Systems®ad. Wiley, 2002.
s.n. 2244782 3“ed., 2002; s.n. 2270298 ed. (etext); s.n. 2186709 2" ed., 1997.
2. Agrawal, G.P. Nonlinear Fiber Optics™ éd. Academic Press, 2007.
s.n. 2289576 4" ed., 2007s.n. 2231878 3% ed., 2001.
3. Kazovsky, L.G. Benrdetto, S., Willner, A. Optical Fiber Communication Systems.
Artech House, 1996. s.n. 2177314
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1. Hearn, D., Baker, M. P. Computer Graphics with OpenCGle@® PrenticéHall, 2004.
s.n. 2253852

2. Computer Graphics: Principles and Practiegey, J.D. et al. P ed. in C.
AddisonWesley, 1996.5.n.2186305.

3. Shirley, P. Fundamentals of Computer Graphitse@. Peters, 2005.
s.n. 2282591 2" ed., 2005; s.n. 2255013 1%ed., 2002.

4. OpenGL Programming Guide: The Official Guide to Learning Open@ision 2.0. Shreiner, D. [et
al.] 5" ed. AddisonWesley, 2006. s.n. 2286991.

5. Fernando, R., Kilgard, M. J. The Cg Tutorial: The Definitive Guide to ProgrammabldifReal
Graphics. AddisoiWesley, 2003. s.n. 2251061.
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Gallager, R. G. Information Theory and Reliablen@nunication. Wiley, 1968.n222990.
2. McEliece, R.J. The Theory of Information and Codintj.e2l. Cambridge, 2002.
s .n. 2245321 2"ed., 2002 s.n. 1996 1%ed., 1977.
3. Cover, T.M., Thomas, J.A. Elements of Information Theory. Wiley, 2006.
s.n. 2287372 2"ed., 2006. s.n. 211453% 1%ed., 1991.
4. Csiszar, |., Korner, J. Information Theory: Coding Theorems for Discrete
5. Memoryless Systems. Academic Pre881.s.n. 227751.
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1. J. Benesty, I. Cohen and J. ChEapdamentals of Signal Enhancement and Array

SignalProcessingWiley-IEEE Press, 2018

2. H. L. Van TreesOptimum Array Processing: Part IV of Detection, Estimation, and

Modulation TheoryJohn Wiley & Sons, Inc., 2002

3. Papers from the current literature
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Spatial Signal Processingd 4 4 Ué @U éadYi U

Englishsyllabus: UY &4 &4 a4 @nYeée éévYeelleaéyYUa coae -4aaaaee

Arrays and spatial filters, beam patterns, uniform linear arrays, array performance measures. Optimum
waveform estimation (beamforming), Minimum Variance Distortionless Response (MVDR), Linearly
Constrained MinimunVariance (LCMV), Generalized Sidelobe Cancellers (GSC), Maximum SNR,
broadband beamformers. Adaptive noise cancellation. Source separation and signal dereverberation.
Source localization, directieof-arrival (DOA) and timedifferenceof-arrival (TDOA) esimation

Learning Outcomes:

This is what each student is expected to be able to after the course:

1
1
1

== = =

Design an optimum beamformer for spatial filtering in sensor arrays.
Enhance and extract signals received by sensor arrays.

Design an LCMV filter for noiseeduction and dereverberation.

Implement an algorithm for adaptive noise cancellation.

Implement an algorithm for source separation and signal dereverberation.

Estimate directiorof-arrival and timedifferenceof-arrival.
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Digital Signal Processing

;0aaUe@dU éYUa
Effects of finite precision in digital filters. Non parametric estimation of power spectrum
periodograms. Multi rate signal processing, decimation, interpolation jpgiyase and
multi- stage implementations. RBluchannel filter banks, tree structured filter banks, uniform
filter banks. Short Time Fourier Transform, Gabor representation. Introduction to wavelets
and multi resolution analysis.
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1. Mitra, Sanjit K. Digital SignaProcessing: a Comput&ased Approach.Bed. McGrawHill,
2006.
s.n. 2279543 3%ed., 208; s.n. 2224858 2" ed., 2001s.n. 2206285 1%ed., 1998.
2. Proakis, J. G., Manolakis, D. G. Digital Signal Processifigd} PrenticéHall
International, 2007.
s.n. 2280099 4" ed., 2007; s.n. 21698783 ed., 1996; s.n. 21205372 ed., 1992.
3. Porat,B. A. Course in Digital Signal Processing. Wiley, 718N.2176340.
4. Burrus, C. S., Gopinatig.A. Guo, H. Introduction to Wavelets and Wavelet Transforms: A
Primer. PrenticéHall, 1998. s.n. 2191703.
5. Oppenheim, A.V., Schafer,R. W. Discrdieme Signal Processing. Prenticiall, 1999. s.n.
2201420.
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The course is an advanced digital signal processingeotlihe course provides knowledge in the
following topics:

- Quartization and noise model

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

- Overflow prevention and secure filter stability.

- Non Parametric spectrum estimatioperiodograms.

- Multi rate systems, Decimatiomterpolation, sampling rate conversion, pgiyase and muki

stage implementations.




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

- Uniform filter banks

- Short Time Fourier Transfors. 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%%e@ Springer, 1980. s.n.203138.
2. Kingston,R.H. Detection of Optical and Infrared Radiation. Springer, 1978. s.n.25928.
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1 Bankman, Isaac, ed. Handbook of medical image processing and analysis. 2" edition, Elsevier, 2009.

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

1 Milan Sonka, Vaclav Hlavac, Roger Boyle , Image processing, analysis, and machine vision, 3"
edition. Thomson, 2008.
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Agrawal, G.P., Dutta, N.KLong-Wavdength Semiconductor Laser¥an Nostrand Reinhold, 1986.

s.n. 2097694.

Agrawal,G .P., Dutta, N.K. Semiconductor Laser¥ ed. Van Nostrand Reinhold, 1993. s.n.2189733.
Pdermann, K. Lasr Diode Modulation and Nois&luwer Acad. Publs., 1988. sa157442.

Thompson, G.H.B. Physics of Semiconductor Lasers Devices. Wiley, 1988.

s.n. 2002301.

Kressel, H., Butler, J.K. Semiconductor Lasers and Heterojunction LEDs. Academic Press, 1977. s.n.213195.

. Cddren L.A. Diode Lasers and Photonic Integrated Circuits. Wiley, 1995.
s.n. 2174890
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1. Hennessy, J. L., Patterson, D. A. Computer Architecture: A Quantitative Apprdaeil. #organ
Kaufmann, 2007;5.n.2285679 4" ed., 2007s.n.2 2 4 3 3%e@., 2003.

2. Hennessy, J. L., Patterson, D.A. Computer Organization and Design: the Hardware/ Software
Interface. # ed. Morgan Kaufmann, 2009.
$.n.2300073i 4™ ed., 2009.s.n. 226380% 3rd ed., 2005.
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English syllabus:

review of basic concepts of electrigityodelinginterconnects, transmission lines,
terminations: noise in digital systems: Power distribution noises, I1SI, SSN, timing noise.
Managing the noise budget, Wer distribution (PDN) from the chip level to the chassis level,
Signaling convantions, Clock distribution, Measurement Techniques: TDR, VNA. Computer
aids (CAD).
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Result f Learning:

Students will learn how to design digital systems which opeetitbly at the high signal
rates common today, taking irdecour the variousphenomena resulting from the physical
properties of the interconnects between the units in the system.
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1. Dally, W. J., Poulton, J. W. Digital Systems Engineering. Cambridge Univ. Press, 1998. s.n.
2195381.




2. Johnson, H.W., Grahamv]. High-Speed Digital Design: A Handbook of Black Magic. Prentice
Hall, 1993. s.n. 2150098

3. Poon, R.K. Computer Circuits Electrical Design. PrerHed!, 1995. s.n. 21985009.

4. Hall, S.H., Hall, G.W., McCall, J.A. High Speed Digital Systems Design: AdHaok of
Interconnect Theory and Design Pratices. Wiley, 2000. s.n. 2224045.

5. Young, B. Digital Signal Integrity: Modeling and Simulation with Interconnects and Packages.
PrenticeHall PTR, 2001. s.n. 2224348.

6. Hall, S. H., Heck, H. L. Advanced Signategrity for High-speed Digital Designs. Wiley, 2009.
s.n. 2306338
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1. Breiman, L. Probability. AddisclVesley, 1992. s.n.2123815, s.n. 2021002.

2. Wong, E., Hajek, B. Stochastic Processes in Engineering Systems. Springer, 1985.
s.n. 32426.

3. Durrett, R. Probability: Theory and Exampl&8.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", McGitdil, 2003.

Auxiliary books:
2) G. D. Hacht el and F. Somenzi , ALogic Syn
academic publishers, 1996.
3) SHGer ez, AAl gorithms for VLSI design auto
4) Leiserson, Charles E., Ronald L. Rivest, and Clifford Stein. Introduction to
algorithms. Ed. Thomas H. Cormen. The MIT press, 2001.
Current literature.
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Passive compeents. Mos devices in rf. Transmission lines. Smith chaspar&meters.
Desigh of power gain networks. Stability. Rf cmos amplifier design. Tuned amplifies. Noise
sources. Low noise amplifiers. Non linearities and distortion. Mixer fundamentals. Passive
active mixers.
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1. Lee, T. The design of CMOS Radfwequency Integrated Circuits®2d. Cambridge University

Press, 2004. s.n. 2263836
2. Ellinger, F. Radio Frequency Integrated Circuits And Technologiéed2 Springer, 2008. s.n.

2298637.

3. Pazar, D.M. Microwave Engineering3™® ed. Wiley, 2005. s.n. 2258561.
4. Davis, W. A,, Agarwal, K. Radio Frequency Circuit Design. Wiley, 2@0h.2298638.
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1) G. De Micheli, "Synthesis and optimization of digital circuits", McGitdil, 2003.

Auxiliary books:
2) G. D. Hachtel and F. Somenzi, #ALogic Syn
academic publishers, 1996.
3) S. H. Ger ez, AAl gorithms for VLSI design
4) Leiserson, Charles E., Ronald L. Rivest, and CliffordnStetroduction to
algorithms. Ed. Thomas H. Cormen. The MIT press, 2001.
5) Current literature.
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Kleinrock L., "Queueing Systems: Volume 1: Theory", John W8eys, 1975.
rec. 209308.
Ross S., "Introduction to Probability Models". Third Ed. Academic Press, 1985.
rec. 54442,
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1. Senturia, S.D. Microsystem Design, Kluwer, 2001. s.n. 2224756.

2. Maluf, N. An Introduction tdVlicroelectromechnical 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 (eext)



. Madou, M.J. Fundamentals of Microfabrication: the Science of Miniaturization.
2"ed. CRC Press, 2002. s.n. 2239940
. Santos, H.J. RF MEMS Circuit Design for Wireless. Artech House, 2002. s.n.2253710.

. Santos, H. J. Introduction to Microelectromechanical (MEM) Microwave Systems. Artech House,
1999. s.n.2217323.
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1. Hui, J. Y. Switching and Traffic Theory for Integrated Broadband Systems, Kluwer Academic
Publishers. s.n. 2094189.

2. Bertsekas. D., Gallager, R. Data Networks. Prentice Hall. s.n. 2131675.
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ComputationaPhotography 0 4 4 Ueé @gU éadYi U

English syllabusComputational 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 caatipuntl 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, depthedd fdefocus 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, participatiord home assignments.

Learning Outcomesstudents will get familiar with cutting edge results in the emerging field
of computational photography.
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The course discusses various practical aspects of building deep learning systems. The first half
introduces the basic principles and algorithms for learning using deep neural networks. The second
half deals with the parallel programming and optimization techniques for multicore CPUs and GPUs, as
well as distributed computations in a cluster, and applies these techniques to implementing a
classification system using deep neural networks.

Details syllabus is bellow

Comment Exercise Lecture WwW
ff tti DL:Introduction to d
C/C++ caffe¢ getting n. roduction to deep 1
started. learning

DL: Network topology.

C/C++ MNIST training Forward Propagation

C/C++ CIFARLO training E:_o:piagcal;:/(\;ird 3

DL: Basic Optimization
algorithms for deep

C/IC++ Imagenet trainin . 4
g g learning ( SGD +
momentum)
DL: advanced
Implement averaged | optimization algorithms
C/IC++ P 9 b g 5

SGD (Adagrad, Accelerated
SGD, Nesterov,..)




C/C++ Vtune of caffe CPU architecture 6
Impl
plement conv Performance
layer forward/ o
C/C++ backward - optimization, 7
’ torization, VTUNE
CPU profiling vectorization, VTU
cler: Implement conv. Parallel programmin 8
layer with MKL prog g
Parallelize conv. laye parallelization with
OpenMP _ yanp 9
with openmp OpenMP
basic Implement
CUDA conv. layer with CUDA basics 10
CUDA
CUDA debug and
CUDA Proflle conv. layer per.for_ma!ﬁce | 11
with NVprof optimizations with
NVProf
CUDA Implem.ent conv. CU.DA_\, performance 1
layer with cuBLAS | optimizers
oython Implem.ent conv. GPU.acceIerated deep 12
layer with cuDNN learning
Distributed systems for
Python ILSVRC2014 overvie . Y 13
deeplearning
open
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The course will survey recent literature with the st#téhe-art coding solutions.
Articles representinghe coding models and techniques are included below.

1. A. Jiang, V. Bohossian and J. Bruglewriting Codes for Joint Information Storage in Flash Memgpries

in IEEE Transactions on Information Theompol. 56, no. 10, pp. 5388313, OctobeR010.

2. Eitan Yaakobi, Scott Kaysera® H. Siegel, Alexander Vardy, and Jack K. Wolf, Codes for Write

Once Memories, IEEE Transactions on Information Theory, vol. 58, no. 9, ppi 5988, September 2012.
3. Eitan Yaakobi, Hessam Mahdavifar, Paul H. Siegel, Alexander Vardy, and JackfKRéaliting Codes for
Flash Memories, IEEE Transactions on Information Theory, vol. 60, no. 2, pjp9964February 2014.

4. Yuval Cassuto and Eitan Yaakobi, Shorai@ FixedRate WOM Codes for Guaranteed-Wites and with
Hot/Cold Write Differentiatbn, IEEE Transactions on Information Theory, vol. 60, no. 7, pp. B9€28, July
2014

5. A. Jiang, M. Schwartz and J. Bru€kprrecting Chargeonstrained Errors in The Rank Modulati®oheme
in IEEE Transactions on Information Theompol. 56, no. 5, pp. 211212, May 2009

6. A. Jiang, R. Mateescu, M. Schwartz and J. BrRenk Modulation for Flash Memorigis IEEE Transactions
on Information Theoryol. 55, no. 6, pp. 2652673, June 2009.

7. Alexander Barg, Arya MazumdaEpdes in Permutations and Error Correction for Rank ModulalideE
Transactions on Information €bry, Vol. 56, Issue 7, pp. 315365, July 2010.

8. Y. CassutoM. SchwartzV. BohossiarandJ. Bruck, Codesfor AsymmetricLimited-MagnitudeErrorswith
Applicationto Multi-Level FlashMemories,|EEE Transactionn Information Theory,04/2010

9. Sarit Buzaglo and Tuvi Etzion, Tiling with-Bimensional Chairs and Their Applications to Asymmetric
Codes, inEEE Transections on Information Thepwl. 59, no. 3, pp. 1578582, March 2013.

10. Moshe Schwartz, Quasioss lattice tilings with applications to flash memory, IEEE Trans. On Inform.
Theory, 58 (4), pp. 2392405, April 2012.

11. A. Sharov and R.M. Rothew Upper Bounds for Grai@orrecting and Gra#etecting Codesin Proc.
IEEE Symp. Inform. Theoridonolulu, HI, 2014, pp. 1121125.

12. Yuval Cassuto, Shahar Kvatinsky, and Eitan Yaakobi, Spathkconstraints in memristor crossbar arrays,
Proc. IEEE International Symposium on Information Theory, pp. ilB&0 , Istanbul, Turkey, July 2013 .
13.E. HemoandY. Cassuto,Codesfor High Performancé&Vrite andRead Processem Multi-Level NVMs,
IEEE International Symposium on Information Theory, ISIT 2014.

14. Ravi Motwani and Eitan Yaakobi, Construction of Random hguitput Codes with Moderaiock
Lengths, Proc. IEEE Information Theory Workshop , Hobeasmania, Australia, Novemb2614.



http://faculty.cs.tamu.edu/ajiang/floatingJournal.pdf
http://faculty.cs.tamu.edu/ajiang/BRAMECC_journal.pdf
http://faculty.cs.tamu.edu/ajiang/BRAMjournal.pdf
http://arxiv.org/abs/0908.4094
http://www.cs.technion.ac.il/~sarahb/files/ieee.pdf
http://www.cs.technion.ac.il/~sarahb/files/ieee.pdf
http://www.cs.technion.ac.il/~sarahb/files/ieee.pdf
http://www.cs.technion.ac.il/~sarahb/files/ieee.pdf
http://www.cs.technion.ac.il/~sharov/Publications/ISIT-2014.pdf
http://ycassuto.eew.technion.ac.il/files/2014/04/codes_write_read_isit14.pdf

Seminar on coding for Nervolatile Memories

Syllabus:

The demand for massive amounts of kggrformance storage has driven the continuous

scaling of fast notwvolatile memory technologies. It has now become very challenging to
continue the density scaling without significant compromises to performance. dreetbere

is great need to develop new schemes that will guarantee high density storage simultaneously
with high performance.

An essential part of these schemes is coding, which optimizes the representation of data within
the storage device to the perftance requirements of the hosting systems. The strength of
coding is that it can provide flexible and guaranteed performance parameters, and often show
optimality of these parameters given the storage efficiency.

A few very promising coding techniquesveaemerged as having potential to improve-real
world performance of nemolatile storage. The course will concentrate on these key research
areas, in addition to techniques that are in a more preliminary stage of research.

Specific topics:
1) Rewrite codesWOM codes
2) Rank modulation and data representation with permutations
3) Error-correcting codes
4) Constrained codes
5) Memristor crossbar codes
6) Emerging performaneboosting codes

Learning Outcomes

At the conclusion of the course, the student will be familigin a variety of techniques for
coding in nonvolatile memories, and will understand the theoretical foundations driving these
techniques.

In addition to a breadth of techniques, the student will conduct deep independent work in at
least two of the courdepics. This work will include critical reading of articles, exploring
directions for continued research, and presenting a lecture in class.
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The course will describe advanced topics in integrated optoelectronics and analyze modern devices
and systems for light modulation and detection-onip. The course will discuss the integration of
novel nanomaterials in optoelectronics to enhance ligtdtter interaction and will review recent
publications from the lecturer field of expertise.
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Topics inDeepLearningTheory,_ 0 4 4Ueé U éadYi U

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? Whathe dynamicsluring the optimization process? When do we
expect problems in the optimization process? What are hard problems for neural networks?
How should we select hypparameters?

Learning Outcomes:




After the successful completeton of the course:

1. Thestudents will improve their ability to read, analyze and compare theoretical results
from the litrature.

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

3. The student will gdtetter intuition regarding theortical considerations when building,
training and testing a deep neural networks.
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1. High Dimensional Probability: An Introductiomith Applications in Data Science, by R.
Vershynin, 2019.

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

3. High Dimensional Statistics, Lecture notes by P. Rigollet a@dHutter, 2017.



4. Informationtheoretic Methods foHigh-dimensional Statistics, Lecture notes by Y. Wu
(Yale), 20109.
5. Probability in High Dimension, Lecture notes by R. van Handel (Princeton), 2016.
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Probability in high dimensiond 4 4 Ué @U  é 8 Yi

English syllabus: Numerous scientifi¢ields haverecentlyexpandedheir capabilitiesthanks

to extensive data collection. The higlmensionaprobability methodologyenables a
understandin@f the fundamental limits oéxtractng information fromsuchdat. The course

will presentits elemens, and demonstrate its applicability in statistical inference and learning
problems.

Topics:

1. Introduction to probability in high dimension and rasymptotic statistics.

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

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

4. Concentration of matrix norms. Concentration of sums of independent matrices, and
matri x Ber nst ei-lKaban inequabtyy Apalicationsyin matbxa v i s
estimation, matrix denoising, commity detection, and jpmncipal component analysis
(PCA).

5. Minimax lower bounds. Basic and tensorization properties of information

0

divergences. L.€ambés t wo poi nt -hnyeptohtohde saensd Fraunl ot 6i sp | ne:
6. Gaussian random pr oc eagndneqgality. sudake¥sSrhigue ai nd s ¢

comparison and Sudakov minorization.

7. Decouplingand y mmet ri zati on. Dudl eyds chaining

numbers. Connections between covering numbers and \(@heilvonenkis
dimensioni the lemmas oBauerShelah and Dudleyzeneralization bounds in
statistical learning.

Learning Outcomes: The students will be able to formulate, generalize and refine
mathematical models for dasaience scenarions, higlimensional statistics, and statistical
learning. They will be able to utilize tools from higimensional probability to analyze them,

and contribute to the forefront of research in these topics. The students will be acquainted with
the unique characataristics of random structers in high diorens
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1 Nicolo Cesa-Bianchi, and Gabor Lugosi. Prediction, learning, and games. Cambridge
university press, 2006
9 Shai Shalev-Shwartz. Online Learning and Online Convex Optimization. Foundations
and Trends® in Machine Learning, 2012, Volume 4, Issue 2
1 Elad Hazan. Introduction to Online Convex Optimization. Foundations and Trends® in
Optimization, 2016, Vol. 2: No. 3-4
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English syllabus:




Online Learning is a fundamental setting in Machine Learning, which enables to analyze and develop

powerful and efficient learning methods.

We will study the basic principles and tools in this field, and demonstrate how to employ these tools in

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

Topics:

-The expertproblem

-The online gradient descent algorithm

-Regularization and Follow the Regularized Leader Methods
-Online Adaptive methods

-Online to Batch conversions

-Relations to Game Theory

-Partial(bandit) feedbdcproblems

Additional topics (if time permits)

-Optimistic online learning

-Linear decision problems with partial feedback

-Online times series prediction

-Online control

-Projection free methods

-Universal methods for partial (bandit) feedback problems
-Online Portfolio selection

-Online Newton step algorithm

Learning Outcomes:

After the successful completion of the course:
1. The students will understand the principles of the online learning field, and will
be able to read and understand related papers.

2. The students will be able to design and analyze new learning methods using
the tools that we will study.
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Algorithms for Reinforcement Learning . 0a4aUe@uU é8Yi U

English syllabus:

The course present recent algorithms mfibld of reinfrocement learning focusing on topics in deep
reinforcement learning but also on other recent topics.

Learning OQutcomes:

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

Tentative Course plan:

1. Introduction and Recap

2. Policy Gradient Methods

3. Actor Critic Methods and Stochastic Approximation

4. Deep Learning Intro, Backpropagation

5. Deep Learning (cont.), ConvNets, BPTT, LSTM

6. Deep Learningdqont.) and DOQN

7. Concepts in Distributed Systems and Distributed RL

8. RL for Board Games, Monte Carlo Tree Search

9. RiskinRL

10. Inverse RL

11. Gaussian Processes in RL

12. Model Based RL

13. Basic PAC Bounds for RL
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Syllabus:

THE COURSE COVERS CONCEPTUAL AND PRACTICAL ASPECTS PF COMPUTER
SYSTEMS WITH COMPUTATIONAL ACCELERATORS, LIKE GPUS AND FPGAS THE
COURSE WILL COVER HARDWARE ARCHITECTURE, PROGAMMING MODELS,
INTERACTION WITH I/O DEVICES, OS AND PROGRAMMING ABSTRACTIONS,
SYSTEM SECURITY IMPLICATIONS AS WELL AS THE DESIGN AND
IMPLEMENTATION OF COMPLETE ACCELERATED SYSTEMS

Learning outcomes:

THE STUDENT LEARN TO:
1. PRACTICAL GPU PROGRAMMING SKILLS.
2. DESIGN AND IMPLEMENTATION OF ACCELERATED SYSTEMS

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

4. UNDERSTANDING RESEARCH IN THE FIELD.
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Syllabus:

Alntroduction to data transmission.

ABaseband roeppssbamieignalsat i on

ASampling passband signal s.

Al nner products in baseband and passband.

AThe geometry oflmtehsgnas.pace of energy

APul se Amplitude Modul ation (PAM) and Quadrat
power, and power specti@dnsity.

A Nyquist Pulses.
ABounds on communication rates over disper si.\
AOpti mum sequence estimation using the Vitert

ACharacterization of intersymbol I nterference
performane evaluations using Chernoff bounding techniques.

ALinear and decision feedback equalization. F



AFactor graphs and some applications in digit
Textbooks:

1) A. Lapidoth, A Foundation in Digal Communication, Cambridge University Press, 2009.

2) R. G. Gallager, Principles of Digital Communications, Cambridge University Press, 2008.

3) U. Madhow, Fundamentals of Digital Communications, Cambridge University Press, 2009.
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Moss, T.S., Burrell, G.J. and Ellis, B: "Semiconductor Optoelectronics

Butterworth, 1973. rec. 2011782.
Yariv, A.: "Optical Electronics". 4th. edHolt, Rinehart and Winston, 1991.

rec. 2108918.
rd.ed (1985), rec. 2004384. Also: Yariv, A.: "Introduction to Optical

Electronics".1976. rec. 7882.
Current Publications

2| adadeYoai d@®@ 599

(ovYp

U AU @&e & a

) L dai aseYe ali o0VYé
U1 Racaa aaY®I a1 2
Aa4aaodyYywdada4202

dfT Langevin 0 @Y Y ee ,i0&0E iAidlh e , d&a&beaaiaée : gy
iéad ,00NRENMUIs) Aafedd0 & M & & d&édlb &ldclasiwnrDissipation Relation
Ul R&eéa aBariead)ad UkdeYo@a) , Uo U
dYaéadada Un el YadDeed & | 3aa5alBYedE &Y a4 B 4 PNoOdsaYd BJo
. 0 4V é BOS,
1/f Aéed 1EaAaUUABERUL/f [anf Heddkss adkdsrid &dbaasly e
.844éYRA &4aaevyoai ao
afai Yi é YamaiYviokaiead @AduGe Y@ 4 eaivdad @Eed Y U ailvsedh i
daoaddimaaly UaBiaddbea™m YU améaRiUR 2a ad&eUa@malo ¥a@d
(Udai é) aaamép@damurlO Ui
L A4dWUEE0 DXATABAGAYI £ &¥AD V.6 & D Y 4 HNEBBY 4
- OYDdVYi e

1. "Noise in electronic devices and systems”, M. J. Buckingham, John &iley
Sons Press, 1983.
2. "Noise and the solid state", D. A. Bell, Pentech Press, 1985.



3. "Noise in solid state devices and circuits”, A. Maar Ziel, John Wiley & Sons
Press, 1986.

4. "Papers from the scientific literature.

5. "Probability, random variables, and stochastic procésse®apoulis, McGraw
Hill, 1984.

6. "Random data", J. S. Bendat and A. G. Piersol, John Wiley & Sons Press, 1986.
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A Chapterl:E. H. Nicollian, J.R. Brews, @AMOS ( Met
and Technologyo, Wi ley (1982). Chapter 13

A Chapter2: J. Robertson, R. M. Wallace, Mater. Sci. Eng. R Re[@8t4 (2015)

A Chapter 3R. L. PuurunenJ. Appl. Phys97, 121301 (2005)

A Chapter 4
M. Imada, A. Fujimori, and Y. Tokura, Rev. Mod. Phy8, 1039 (1998)



J. M. D. Coey, AMagneti sm and Magnetic Mat er
(2010)

A.M. HaghirtGosnet and JP. Renard, J. Phys. D. Appihys.36, R127 (2003)

Chapter 5
Y.Y. Pai, A. TylanTyler, P. Irvin, and J. Levy, Reports Prog. Pt8%.36503 (2018)

S. Catalano, M. Gibert, V. Bisogni, O.E. Pell, F. He, R. Sutarto, M. Viret, P. Zubko, R.
Scherwitzl, A. Georges, G.A. SawatzKy. Schmitt, and IM. Triscone, APL Materz,
116110 (2014)

Y. Zhou, S. Ramanat han, ACorrelated EIl ectr
for Logic: A Reviewo, Critical RB& 286 e ws i n
(2013)

A Chapter 6

L.W. Martin, Y-H. Chu, R. Ramesh, AAdvances in the
magnetic, ferroelectric, and mule8iBF erroic
(2010)

A Chapter 7

A.A. Demkov,A.B. Posadadiintegration of Functinal Oxides with Semiconductars
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-@&n high
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.

w

Oxides as insulators in: silicarxide in microelectronics
Oxides as insulators: high dielectrics, motivation, physics and technology.
Workfunction engineering in modern devices.
Introduction to atomic layer deposition (ALD)
Physics and properties of correlated electron perovskities
o Introduction, crystal structure, basic electronic structure
0 Physics of Mott insulators, metadsulator transitions, examples
o Electronic configuration, classifying oxides and spin states



o Concluding example: manganites. Jdfeller distortion, introdction to
magnetic phases, the relation between double exchange and colossal
magnetoresistance (CMR).

5. Thin films of correlated electon oxides

o0 Oxide 2D electron gas (2DEG): properties, three physical models, 2DEG devices

0 Using epitaxial strain for engineag 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 cose:

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, composdan) 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.

2] 2 oaeUT 0 0&deaa 159
(o0YD"

UenU coeaa 0O

aUi oveviiea
. 844 ae DRV AL
0 Y WbaYval sdéasaw4 4 1 4 8
&

oYnavhiUa Y& a!ig)@ﬂ?U. ééééé?%\?@éﬂléY,Um"ﬁééﬁbéqé@f?%lel)é

gallcd MEAE &&aYadle a ocdalsehiaddnyYye U i é.ﬁ)ﬁmé@wéﬁ 0¢e aaxé

@b s albelaoiidy aUanls adee aUYd AT aQ

ioU JateramddEolyani oU ,éa’ 7

SYOUY é aYa 4.4D&a bapadde o Y aad ady e
Y

4e .aaaael=Yogea
, a8 @ el Y B &GO A i
avyam

1. Kong, J.A.: "Electromagnetic Wave Theory". Wiley, 1986. rec. 2011330.
2. Balanis, C.A.: "Advanced Engineering Electromagnetics". Wiley, 1989.2086291.
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Kong, J.A.: "Electromagnetic Wave Theory". Wiley, 1986. rec. 2011330.
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1. Bar-Shalom, Y., Li, X:R., Kirubarajan, T. Estimation with Applications to Tracking and

Navigation. Wiley, 2001. s.n. 2239217.
2. Anderson, Brian D. O., Moore, John B. Optimal Filtering. Preritia, 1979.

s.n. D9754.
3. Ljung, L. System identification: Theory for the User. Prentitad PTR, 1999.

s.n. 2202628.
4. McLachlan, G. J. The EM Algorithm and Extensions. Wiley, 1997. s.n. 2186035.
5. Simon, D. Optimal State Estimation: Kalman, H Infinity, and Nonlirgaproaches. Wiley, 2006.

s.n. 2290127.

cUa aaURD¥Y YPJURY 159

-

%
(oyYp

AURBDYLST Yi e a0Ué &

-a0i ovYRrasU

OYOY@ af &ao a0i4é4 10Y8U 4 é 3
444001 D420 2O

DadUéU éYUa:
, A@ Py aURBR&®ad , U0 U &VYROAYHABEUEUS XD T PDeea é
LCMV MVDR , 04UR®ae O0YaevYYadanasdals o, hama@dtiay @ 4 a
cAao ,aa@ai edi alU UeaeYaoa ame®ialeol aWogay a@ay 50 UVYI
UeYB@aeUO an

; 0 ¥ed Y

1. J. Benesty, I. Cohen and J. Clkemdamentals of Signal Enhancement and Array
Signal Processin@Viley-IEEE Press, Singapore, 2018
2. H. L. Van Tree§ptimum Array Processing: Part IV of Detection, Estimation, and
Modulation TheoryJohn Wiley &ons, Inc., 2002.
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Array signal processingn the time and frequency domains, subs

pace methods, beamforming,

performance measures, spatial aliasing, dalaysum, superdirective, null steering, Minimum
Variance Distortionless Response (MVDR), Linearly Constrained Minimum Variance
(LCMV), Generalzed Sidelobe Cancellers (GSC), directafrarrival estimation, adaptive

beamforming, differential beamforming, beampattern design

Learning Outcomes:
Students who will successfully complete the course will be able
1.

domains.

to:

Implement algorithms foarraysignal enhancement in the time and frequency

2. Design and apply optimum beamformers for spatial filtering in sensor arrays.
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Our goal in this class is to understand the mathematical foundation of
modeling and geometigssisted signal processing. We will present

many recent methods for intrinsic
novel methods that extend the

classical Fourier amgsis and enable natural dadaven parameterization of signals without prior

knowledge of models. In addition, we will present nonlinear filtering

metiheded on datdriven

geometric models. The course will cover topics from harmonic analysis, dunapty,t differential
geometry, nonlinear filtering, and stochastic diffusion processes. We will present applications to
biomedical signal analysis, audio and speech processing, and high dimensional dynamical systems

Topics:

1. Dimensionalityreduction, manifold learning, and graphplacians

modeling.



Diffusion maps

Stochastic differential equations: Langevin equation, FekRk&nck operator, and Ito calculus
Stochastic processes modeling through eigenvector problems

Empirical intrinsic geometry and Rr@nnian metrics

Spectral methods for linear and nonlinear independent component analysis

Reference graphs, model extensions, and probabilistic interpretations

Nonlocal means and spectral clustering

Nonlinear filtering and geometrgssisted Bayesian filtenj

10 Organizing populationasingquestionnaires

© N gak DN

Learning Outcomes:

Each student wil!/ be able to: 1. Define fundament
special cases of signals and systamslytically, build intrinsic metrics, and providir main

properties; 3. Implement (in MATLAB) an algorithm for building intrinsic models of synthetic and real

signals.
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THE HFIC LAB IS FOCUSED ON RESEARCH IN INTEGRATECIRCUITS 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 INTERST AS:
RF/MM-WAVE CIRCUITS, ALGORITHMIC AND HIGH SPEED MIXED SIGNAL, RADIO
SYSTEM ARCHITECTURES. THE LAB IS EQUIPPED WITH A MODERN PROBE STATION
TO ENABLE ON WAFER MEASUREMENTS AND A FULL CHARACTERIZATION UP TO
110 GHZ
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Learning OutcomesBY 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:-Rféiem
circuits, Algorithmic and high speed mixed signal, radio system architectures.
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1. Cells, Embryos and Evolution, Gerhart and Kirschner, Wiley 1997
2. Reinforcement Learning, Sutton and Barto, MIT Press 1998
3. Theory of Randomized Search Heuristics, Auger and Doerr, World Scientific 2011
4. Papers from the current literature

Course title: Exploration and Exploitation in Artificial and Natural Agents

Prerequisites: 044202 -Random Signals or similar basic coursenorandom processes.

fiYou first have to be able to do somet hi

ng

befor

Outline: Artificial and natural agents operating complex environments are often required to function
under highly challenging conditions of eartainty, resulting from partial and delayed observations,
model ignorance, systemalfunctions and communication bottlenecks. A possible approach to dealing
with such difficulties is the adoption of a strategy which balances Exploitation and ExpldEipn
Roughly speaking, exploitation aims at utilizing previously gained knowledge in order to promote a
goal, while exploration focuses on discovering novel strategies which may be beneficial in the future.

The EE balance has assumed center stage irggisince the time of Darwin, and has played

a

foundational role in the theories of Optimal Control and Reinforcement Learning since the early 1960s.
However, except in very limited setups, there is little understanding of provably effective ways to

balanceexploration and exploitation. In this course we will study the EE tradeoff from multi

ple

perspectives and within different systems, both natural and artificial, in an attempt to distill general
principles of operation. Such a perspective may lead taer hetderstanding of biological systems,

and, in turn, contribute to the development of more robust, innovative angpgded solutions

in

engineering domains. This course touches upon multiple domains, and relates to fields of research

which are still hjhly underdeveloped theoretically.

List of topics:

1. Motivating examples from Biology and Engineering.

2. Some case studies in Biology: evolution, neural development, the immune system, chemotaxis,

ant foraging.

3. Some case studies in Engineering: evolutionary algorithms, simulated annealing, active

learning, control theory, reinforcement learning, autonomous systems.

4. Basic theoretical results in simple cases: the simple genetic algorithm, simulated annealing,

acilive learning, multiarmed bandits.



o

Some modern views on effective exploration in biology and the notion of evolvability.
Current EE strategies in control and reinforcement learning.

7. Exploration and exploitation in biology and engineeiingommon threasl differences and
prospects.

o

Learning outcomes:The student will become acquainted with the multiple manifestations of
exploration and exploitation in both the life sciences and engineering. She will be able to analyze
simple theoretical models, and faulate meaningful future research questions in a novel research
domain.

Sources:
1. Cells, Embryos and Evolution, Gerhart and Kirschner, Wiley 1997
2. Reinforcement Learning, Sutton and Barto, MIT Press 1998
3. Theory of Randomized Search Heuristics, Auger aodr World Scientific 2011
4. Papers from the current literature
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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 maelegeing conferences.

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



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

Learning Outcomes:
(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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Electromagnetic waves in complex media

Syllabus:

Wave propagation in complex media including dissipative and gain materials,nonlinear and
bianisotropic media. We witliscuss the validity of Maxwell's equations, the non linear Fourier
transform, Fresnel relation for complex media metamaterials and we will discuss parallel
phenomena in quantum mechanics.

Learning outcomes:

The student will be exposed to advanced knogdeand to uniqgue phenomena related to
electromagnetic waves in the photonic and nano regimes

References:
Updated scientific papers and also:
1. M. R. Dennis et al "Singular Opticsé Optic

Progress in Optics,5393-363 (2009)
2. |. Bialynicki- Birula, "Photon wave function” Progress in optics 36-298 (1996)
Tuncay Aktosun"Inverse Scattering Transform and the Theory of SolitoasXiv:0905
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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 Pessing". 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". Adei§¥esley. 1977. rec.
217923, 2nd.edl987. rec. 2032777.
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Deep Neural Networks Acceleratiand 8 Ué gU  éd Yi U

Englishsyllabus: UY 24 &4 a4 @i Ye ééYRIWeeaévYyUa coae -4adaaaea
For decades, computer performance i mprovement wa:¢

DNN turned for performance to GPU. The next hardware paradigm for DNN are accelerators
(hardware components that execute specialized computation class). In eegsenDNN accelerators
arguably became the most prominent direction in computer architecture research.

This course will cover various topics related to hardware acceleration of DNN including inference vs.
training, use of new data formats and quantizati@work trimming, compression and sparsity, cost

of data communication vs. parallelism, storing parametery®fforrchip, data centric vs. CPU centric
computing and so on.

The course will be in a seminar format, based on advanced papers on tlleabive been

published in the scientific literature.

Learning Outcomes:
1. Atthe end of the course, students will gain an understanding of multiple design choices and
tradeoffs in contemporary DNN accelerator design.
2. Students will know how to design DNaccelerator architecture and will be familiar with
their main applications and programming principles.
3. Students will know how to deal with common challenges of DNN accelerator design and

their pitfalls.
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Numerical Geometry of NeRigid Shapesby A M Bronstein, M MBronstein, R Kimmel, .1
Springer, ISBN0387733000
Numerical geometry of images: Theory, Algorithms, and Applicatin®, KimmelSpringer .2
ISBN: 0387955623
Differential Geometry of Curves and Surfa¢2sd edition 2016), by M do Carmo, Prentice3
Hall, ISBN: 0132125897
A Course in Metric Geometrpy D Burago , Y Burago, and S Ivanow
AMS
Algebraic Graph Theonhy Chris Godsil and Gordon Royle5
Networks: An Introductiorhy M. E. J. Newman .6
Spectral Graph Theorygy Fan Chung .7
Dan Spielmanéshéaepgotantd gnapwor ks and @raphso c
University
Sandryhaila, Aliaksei, and José MF Moura. "Discrete signal processing on gi&iis." .9
transactions on signal processigg.7 (2013): 1644.656.
Shuman, David I., et al. "The emergifigid of signal processing on graphs: Extending higi®
dimensional data analysis to networks and other irregular dométi<E"signal processing
magazine30.3 (2013): 8P8.
Y Afl al o, H Brezi s, A Bruckstein, B. .Kli mmel , N
Comptes Rendus Mathematid@®t (12), 11551167
H Brezis, DGOémeL astr o. ARi gidity of oQomptemRehdushiza ses f or
Mathematique2017, Elsevier
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Geometric Learning

English syllabus:

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

Topics:
Part |- Theory



1. Continuous geometric learning:
1. Differential geometry (curvature®and 29 fundamental forms)
2. Metric geometry and intrinsic operators (gradient, divergence, Laplagadesic
distances)
3. The LaplaceBeltrami operator (spectral analysis and geometry, heat equation, optimal
basis for signals with bounded Dirichlet energy)
4. Deep learning of geometric structures
2. Discrete geometric learning:
1. The graph Laplacian
2. Random walks and dif&ion on graphs
3. Spectral analysis of Laplacians and random walks (Rayleigh quotient, spectral gap,
power method)
4. Discretization (meshing, triangulation, Cotangent Laplacian, farthest point sampling)
3. Analogy between discrete and continuous geometric leafoimyergence of Laplacians)

Part Il - Applications

1. Signal processing on graphs

2. Spectr al clustering (Fiedlerds vector, Cheege
RatioCut)

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

4. Diffusion geometry (discrete and continuousljffusion maps, diffusion distance, heat kernel
signature (shape signatures)

5. Metric learning and deep metric learning

6. Functional maps

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

Learning Outcomes:

Each student will be able to: 1. Define fundamental terms in spectral graph theory and differential
geometry; 2. Apply geometric learning techniques to problems indiighnsional data analysis and
shape analysis; 3. Implement (in MATLAB/Python) algorithfor data embedding and dimensionality
reduction and deep learning.
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Varghese, George. Network Algorithmics. Elsevier, 2005. Narayanan, Arvind
et al. Bitcoinand Cryptocurrency Technologies: A Comprehensive Introduction, 2016.
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Algorithmic Challenges in Computer Networks @idckchain

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 structares coding methodsML applications in computer networks.
Fundamentals of blockchain networks. Fairness, Sharding anch@ifichannels Focus ongraph theorytools:

Flow, routing coloring, clustering and pology design.

Learning OQutcomes:

Following the seminar, a studenill 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 andlyze
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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Rosenfeld, A. and Kak, A.C.: "Digital Picture Processing". dezaic Press,
1976. rec. 2011772. 2nd ed., 1982. rec. 211293.
Pratt, W.K.: "Digital Image Processing". Wiley, 1978. rec. 217922.
Gonzalez, R.C. and Wintz, P.: "Digital Image Processing". Ade§esley,
1977. rec. 217923. 2nd ed987. rec. 2032777.
Ballard, D.H. and Brown, C.MiComputer Vision". Prenticélall, 1982. rec. 213034.
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Syllabus in English:
048874 ParallesComputing Architecture

Parallel and mangore systems, interconnection networks in parallel computers,
parallel algorithms, performance analysis of parallel compatiagalysis and
simulation, programming models and languages for parallel computing,
extraction of parallelism, mangore chips.

Sources: Recently published journal and conference papers.
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M. Mitzenmacher and E. Upfal. Probability and Computing: Randomized Algorithms and Probabilistic
Analysis. Cambridge University Pre2905.
Varghese, George. Network Algorithmics. Elsevier, 2005.
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Probabilistic Counting in NetworKks

English Syllabus:
Design and analysis of detection and counting in networks. Deterministic approach. Probabilistic counting.
Sampling. Hashing. Bloom Filter. Power of choice. Generic sketches. Counting within the data plane. Learned

Sketches.

Learning Outcomes:

Following the course, a student would have the ability to design various counting algorithm that follow counting
demands and available resources. The student would be able to analyize and understand the pros and cons of a
given approach for counting. Theudent would be exposed to important fundamentals that can be useful for

answering future counting challenges.
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1.  Principles of Asynchronous Circuit Design: A Systems Perspective. Edited by Sparso, J.,
Furber, S. B. KluweAcademicPublishers, 2001. s.n. 2240765
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Seminar in Parallel Computing Architecturé 4 4 Ué gU éd Yi U

English syllabus:
Survey and criticism of recently published scientific papers in the area of parallel computing

architecturefocusing on manygores.
Each student will prepare and present two seminar lectures describing, comparing and criticising

several papers.

Learning Outcome:
Upon completing of this course, the students will be able to:
1. Search and find relevant paperinrent literature
2. Study papers in critical and comparative manners
3. Form opinions about novelty, research questions, proper use of figures and charts, clarity,
comparison to previous work, and defficiencies in the papers.
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VLSI Architectures f@NA sequencing and Genome Analysisd 4 8 Ué U  édYi U @r

English syllabus:

DNA sequencing has opened the door to most significant developments in biological research, in
healthcare, in pharmaceutics and, eventually, in our ability to control our own evolution, heritage

and species. Science is progressing fast from mere undéngtafdur genetic code to being able

to manipulate it, e.g. in order to cure major diseases such as cancer and eliminate major pandemics.

The course will cover the following topics:
1 The challenges of, and algorithms for, DNA sequencing, genome analysis pipeline and
toolchain.
1 The reasons for, and the purpose of, accelerating bioinformatics computations.
A short intro into higkthroughput DNA sequencing
1 Recently developed bioinfornias and genome analysis techniques such as
o Conversion of electrical signals into DNA basepairs (basecalling) using Recurrent
Neural Networks
o A variety of genome anal ySatermanBPNA | di ng bl
sequence alignment, suffix arrays, kmansl minimizers, seed and extend techniques,
De-Bruijn graphs etc.
0 Short and long DNA read alignment
0 Reference based genome assembly
o0 Denovo genome assembly
o0 Variant calling using Convolutional Neural Networks.
9 VLSI accelerators for bioinformatics, arkeir softwarehardware cedesign.
The course will combine lectures and student seminars for presenting and criticizing leading papers
about the topic.

=

Learning Outcomes:

ocC k
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1. Atthe end of the course, students will learn the basics of DNA sequenciggiand
an understanding of genome analysis pipeline and toolchain.

2. Students will gain specific knowledge of most commonly used genome analysis
techniques and algorithms.

3. Students will get familiar with the field of hardware acceleration of genome
analysis, ad gain an understanding of the design principles of genomic
accelerators
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Seminar in Computer Systems Engineering

The course will explore research both cuttiedge and classic papers in computer systems design.
The course will focus on both hardware and software componandstheir interplay. The

students will read, analyze and present research papers from the leading venues in the area,
including ISCA, MICRO, HPCA, SOSP, OSDI, PLDI and PACT.
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Learning Outcomes:
1. The students will be exposed to cuttieglge research papeis 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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Introduction to departmental research 4 4 Ué gU ¢é 8 Yi U

English syllabus: The class objective is to introduce ttiepartmental research fields to
students who consider a research degree in the Electrical Engineering department, and help
them choose their own future research field. In the framework of the course, every week, two
different departmental faculty memberdlgive short lectures. The lectures will include a

brief overview of the topics at the forefront of their research fields. The course is destined to
students in the first year of their MSc, as well as to excellent students in the last year of their
BSc.

Learning Outcomes:
The class will introduce students to the variety of research topics in the Electrical
Engineering department.
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6. Narayanan, Bonneau, Felten, Miller, Goldfeder, Cl&itcoin and Cryptocurrency
TechnologiesPrinceton. 2016

7. AntonopoulosMastering Bitcoin: Unlocking Digital Cryptocurrencigd'Reilly
Media. 2014
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English syllabus:

Sources:

6. Narayanan, Bonneau, Felten, Miller, Goldfeder, Cl&itcoin and Cryptocurrency
TechnologiesPrinceton. 2016

7. AntonopoulosMastering Bitcoin: Unlocking Digital Cryptocurrencie®'Reilly
Media. 2014

8. Recent academic publications

Learning Outcomes:
X

Grading
Dry and wet assignments.

aéeadaé aaUnRBRe oYonoUU ome 1509

iy~
(oYD

OYORABU:dUWaied a0UE &

1]

AUi ovYeéeyvYiia

YL aédaeagdy BGA4WABE&L: ovYon
0YUxeY&a0du84068

.844aYU 844aédyYi Y

A0 A éeodoYi U .aLhUmaGUJeYnoanbﬁLéUaaeaéll&ma DAY
. Ubarasnywy a

i
A&
0Vaa UL, LalGmad 001U  UVoae ¢YUa Udakamualy aa seavanalse U

U aeeé
.04auUvYRasyYovhaBaUvoxaB¥&@aadaai YnUaUaae Byweaaelya
o

. UUaxavio ain axna&ermle a&



55

) i ) . U0a®a o0YDT Y
%Y ; oaeauUe oYééallJenBamodY\@a’ﬁaaééuea(al))YA T BaEUYo ¥R YEda ael
.04aéUexe UJI OUW 4EOBE )Y € aeY a ¢
¢cYai U uasu
oYioonU aevy ,UU&a=x=a a0ad0YUa@ an fiYeadase aeée aoi Rae :
Uuaaéi
;04aaUe@duU é8Yi U

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 maecldaming conferences.

The topics include machine learning and optimizatianafavide 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:

(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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Yariv, A. Quantum Electronics.™3d.Wiley, 1989. s.n. 2067866.
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1) L. V. Wang, "Biomedical optics: Principles amdaging,” WileyInterscience (May
29, 2007).

2) A. Mandelis, "Diffusionwave fields: Mathematical methods and green functions,"
Springer (June 27, 2001).

3) 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).

4) A. Rosenthalet al., fAcoustic inversion in optoacoustic tongr a p hy : a revi e
Current Medical Imaging Reviews, Vol. 9, 2013.

5) P.Mohajeranietal , A Opti cal an-basedpomag@phy theotyand mo d e |
current chall enges for deep tissue i mag.i

Processing Magazine, Vol. 32015.
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Diffuse opticsand its applicatiorin 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 ofSpmutal 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 tissudlodels 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 theourse 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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1. Datta, S. Electronic Transport in Mesoscopic Systems. Gigaliniv. Press, 1995. s.n.
2199290

2. Saito, R., Dresselhaus, G., Dresselhaus, M.S., Physical Properties of Carbon Nanotubes.
World Scientific Publishing Compan$/,etl. 1998.

3. Few review papers in the field
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Carbon Nantubes Graphene and van der Waals Materials daaueg@u é

Englishsyllabus: UY &4 &4 a4 @nYeée éévYeelleaéYUa coae -4aaaaee
Band structures of graphene and carbon nanotubes. Electrical transport thoingimdional and

2-dimensional structures. Landauer theory. Schditkyier.

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 this course the student will study about 2D materibeir 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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M.A. Dahleh and I.J. DiaBobilla: "Control of Uncertain Systems: A. Linear
Programming Approach”, Englewood Cliffs, NBrentice Hall, 1995.

K. Zhou, John Doyle and K. Glover: "Robust and Optimal CobtEstglewood
Cliffs, N.J., Prentice Hall, 1995.
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Computational Photography

English syllabus: Computational Photography is an emerging new field created by the convergence
of computer graphics, computer vision and optics. Its role is to overcortimitations of

traditional cameras and imaging systems by using computational technigaegitebetter

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 motianritedp!
computational cameras, compressive imaging, light fields, burst imaging and high dynamic
range, computational illumination, light transport, time of flight cameras.

Grading: The class will be a combination of frontal lectures and student presentations in a
seminar format. Grading is based on seminar presentations,
participation, and a few home assignments.
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Learning Outcomes: students will get familiar with cuttingdge results in the emerging
field of computational photography.
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. Ballard, D.H. and Brown, C.M.: "Computer Vision". Prentidall, 1982. rec.
213034.
Marr, D.:"Vision". Freeman, 1982. rec. 211377.
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Course name:Statistical methods in image processing

English syllabus:

The goal of this class is to expose the students to a variety of statistical methods for solving
imageprocessing 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, supesolution, blukernel estimation.

Learning Outcomes:

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

Grade:
100% final project
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1. Haykin, S. Adaptive Filter Theory.thfed. Prenticedall, 2002.
s.n.2 2 3 9 4"%@., 2002.
s.n. 2169895 3 ed., 1996.
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. Widrow, B. Adaptive SignaProcessing. Prentigdall, 1985. s.n. 2001139.

. Honig, M.L. Adaptive Filters: Structures, Algorithms, and Applications. Kluwer Academic
Publishers]1984. s.n. 52620.

. Sayed, Ali H. Fundamentals of Adaptive Filtering. Wiley, 2003. s.n. 2279866.
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1 CohenTannoudji, C., DuponRoc, J. and Grynberg, G., Atepihoton interactions: basic processes and
applications (WileywCH, 1998).

1 CohenTannoudji, C., DuponRoc, J. and Grynberg, G., Photons and Aténtioduction to Quantum

Electrodynamics (WileyCH, 1997).

Peskin, M.E., An introduction to quantum field theory (CRC Press, 1995).

Harris, E.G., A pedestrian approach to quantum field theory (Courier Corpor2@iv4).

Novotny, L. and Hecht, B., Principles of naaptics. (Cambridge university press, 2012).

Scheel, S. and Buhmann, S.Y. Macroscopic Q@BBcepts and applications. Acta Physica Slovaca 58,

675 (2008) (arXiv:0902.3586, 2009)

1 Lewenstein, M., BalcolR . , Il vanov, M. Y., Lohuil |l i eharmonk. and Cor k
generation by lowfrequency laser fields. Phys. Rev. A 49, 2117 (1994).

= =4 =4 =4

. 0aaUe@uU éd8Yi U an
Macroscopic quantum electrodynamics: applications in-nghtter interactions arghotonics

MQED: 0 44Ueé@U o817 Yi & &

English syllabus:

The study of lighimatter interactions allows us to explain a wide range of effects in nature, with important
applications and fundamental scentdigestions, some of them are still open. The course will follow historical
books and papers and reach results from recent years.

We will develop the most general formalism of quantum electrodynamics (QED): using the impulse response
(Green function) of eltromagnetism. The course will discuss applications of QED to different optical
environments, from transparent lossless waveguides, through plasmonic platforms, to materials with
nonlocality. We will describe interactions in a range of systems: boundagledh atoms, and molecules, and
solid-state systems, as well as artificial atoms like quantum dots and quantum wells.

We will also learn the transition current method that enables calculating predictions in QED without the
guantization of the electromaetic field.

The course will demonstrate the formalism on several famous cases: spontaneous emission with a generalization
beyond the dipole approximation, quenching, Lamb shift (renormalizati@herenkov radiation,
bremsstrahlung (stopping radiatio@pmpton effect for Xays.

We will discuss generalizations of the theory in new contexts such asdmigtonic generation in nonlinear

optics for attosecond pulses, and the open problem of radiation reaction.

We will point on connections to effects thaedhought in further depth in other classes in the field: such as
blackbody radiation and forces arising from the quantum vacuum (Casimir and van der Waals).

Summary list of topicsSecond quantization with generalizations to the widest case coverapgicad (using

Green function and handling losses and nonlocality), the foundations of macroscopic quantum electrodynamics.
Quenching, Lamb shift and renormalization, spontaneous emission of photon pairs and entanglement,
corrections beyond the dipolempximation, Cherenkov radiation, bremsstrahlung, Compton scattering, high
harmonic generation, radiation reaction.

Learning Outcomes:
1. The student will practice and apply the formalism of macroscopic quantum electrodynamics
2. The student will develop tooltsf macroscopic quantum electrodynamics for research problems

cYn cUanYeanyY 04893:
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1) T. M. Cover and J. A. ThomaEJements of Information Theqryohn Wiley & Sons,
secad edition, 2006.

2) |. Csiszar and P. C. Shieldsformation Theory and Statistic-oundations and
Trends inCommunications and Information Theory, vbl.no.4, 2004.

3) S. Boucheron, G. Lugosi, and P. Massafipncentration Inequalitiesi A
Nonasymptotid@heory of Independenc®xford University Press, 2013

4) M. Raginsky and |. SasorConcentration of Measure Inequalities in Information
Theory, Communications and Codjrigpundations and Trends in Communications
and Information Theory, vol. 10, no:2, pp.1-249, second edition, October 2014,

S. Verdu,Information TheoryPrinceton Press, to appear in 2019
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McGrawHill, 1979, 1985. rec. 2014844
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Bhattacharyya, S.P., Chapellat, H. and Keel, L fRagbust Controlhe
Parametric Approa@hPrenticeHall, 1995. S.N. 2176630.
Kogan, J.,fRobust Stability and Convexity: An Introductiispringer 1995.
s.n.. 2158950.
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Petermann, K.: "Laser Diode Modulation and Noise". Kluwer Acadé&l.,

1988. rec. 2057442.
Haus, H.A.: "Waves and Fields in Optoelectronics". Presitialh, 1984. .rec.

52592.
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Varadhan, S.R.S.: "Large Deviations and Applications". SIAM, 1984..rec.
228304.
Freidlin, M.l. and Ventzel, A.D.: "Random Perturbations of .Dynamical
Systems". Springer, 1984. .rec. 224452.
Deushell, J.D. and Stroock, D.WWi:arge Deviation". Academic Press, 1989.
rec. 2076798.
Ellis, R.S.: "Entropy, Large Deviations and Statistical Mechan&gringer,
1985. rec. 75122.
Donsker, M.D. and Varadhan, S.R.S.: "Asymptotic Evaluation of Certain
Markov Expectations for Large Time". partgl,l.Comm. Pure Appl. Math.,
75, 77, 83.
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Karp, Sh[et al.] Optical Channels: Fibers, Clouds, Water, and the Atmosphere.
Plenum, 1988. s.n. 2055788.
Okoshi, T., Kikuchi, K. Coherent Optical Fiber Communications. KTK
Scientific, 1988. s.n. 2061877.
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Course name:Phtonic Communication and sensing

English syllabus: Photonic integrated circuits for modulation, qoietection of light phase,

amplitude polarization, frequency.

Advanced photon statistics: photodetection, optical amplification.

Coherent Optical Detection: Principles, performance limits;ssigliems (integrated photonics, DSP).
Applications: Ultrahigh-speed photonic interconnects with direct/coherent detection.

Coherent remote sensing: LIDAR, Distributeiber-Sensing

Learning outcomes: Photonic Communication and Sensing

1 Appreciate the wide applicability of the coherent detection paradigm in use cases ranging
from nextgen data interconnects to remofsical sensing over both fibeptics and free
spaceoptical propagation media.

1 Comprehend direatietection/coherent photonic communication and sensing systems under
a unified framework, combining physical optics, mathematical seym&hoise analysis,
and modern optical engineering principles
(such as the use of silicon integrated photonics).

1 Ability to analyze, design, measure, validate the -@géatronic link budget of optical
systems subject to common principles: data transmission systems, LIRAFDarision
systems, fiber optic metrology systems.
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Course name:Statistical methods in image processing

English syllabus:

The goal of this class is to expose the students to a variety of statistical methods for solving
imageprocessing 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, sup&solution, blukernel estimation.

Learning Outcomes:

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

Grade:
100% final project
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1. Gesho, A. Gr ay, R. M. : AfVect or Quantization and
Academic Publishers, 1992. rec. 2115830.

2. Jayant , N.S. and Nol I, P . : -Hall, 1D84.gRet. a | Cofing Wavef
227765.

3. Deller, J.R.Jr., Pr oa kiTisne Pratessthg of Spgecm s en, J. H. L. : i
Signal® Macmillan,1993. Rec. 2134179.

4. Jain, A.K.: Fundament al s o{allDio98Pireca | |l mage Proces:¢
2065704.

5. Vetterli, M., Kovacevic, J.:-HalWN®3%el et and Subbanct
Rec. 2159292.
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Low-overhead Operating Systems4a & Ué @ U

Enqlish Syllabus

The course surveys main research topics in the design and implementatiorootihwwad
operating systems. It covers both classic papedsrecent developments, with a special
emphas on OSes for multi/many cores and accelerators, e.g. GPUs.

Learning Outcomes:

The student

1. Will be exposed to the methods and important topics in systems research.
2. Will be exposed to Principles @w-overhead Operating Systems design and
implementation
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1. Daubechies, I. Ten Lectures on Wavelets. Society for Industrial and Applied Mathematics, 1992.

s.n. 2121910
2. Vetterli, M, Kovacevic, J. Wavelets and Subband Coding. PreRtadePTR, 1995.

S.n. 2159292.
3. Wickerhause M.V. Adapted Wavelet Analysis from Theory to Software.
$.n.2154268.
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THE GOAL OF THIS COURSE IS TO UNDERSTAND THE MATHEMATICAL
FOUNDATION OF MANY RECENT METHODS FOR INTRINSIC 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 WILL BE PRESENTED. IN ADDITION, RECENT NONLINEAR
FILTERING METHODS BASED ON DATADRIVEN GEOMETRIC MODELSWILL BE
REVIEWED.

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 DIMENSDNAL DYNAMICAL SYSTEMS MODELING WILL BE
REVIEWED. LEARNING OUTCOMES: AT THE END OF THE COURSE THE STUDENT
WILL 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.

Topics:
11. Dimensionality reduction, manifold learning, and grdjaplacians

12. Diffusion maps

13. Stochastidifferential equations: Langevin equation, Fokkdanck operator, and Ito
calculus

14. Stochastic processes modeling through eigenvector problems

15. Empirical intrinsic geometry and Riemannian metrics

16. Spectral methods for linear and nonlinear independent companalysis

17. Reference graphs, model extensions, and probabilistic interpretations

18. Nonlocal means and spectral clustering

19. Nonlinear filtering and geometigssisted Bayesian filtering

20. Dual geometry

Learning Outcomes:

AT THE END OF THE COURSE THE STUDENWILL 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.

References

1. Belkin, M., and Niyogi, P. "Laplacian eigenmaps for dimensionality reduction and data

representation.” Neural Computation 15.6 (2003): 1B396.

2. Coifman, R. R., and Lafon, S. "Diffusion maps."@#ied and Computational Harmonic
Analysis 21.1 (2006):-30.

3. Singer, A. and Coifman, R. R. "Ndmear independent component analysis with
diffusion maps." Applied and Computational Harmonic Analysis 25.2 (2008)2296

4. Chung, F. RSpectral graph theor€ BMS Vol. 92. American Mathematical Society
(2997).
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Liao, S.: "Microwave ElectrtofTube Devices", Englewood Cliffs, Prentice

Hall, 1988.
Gilmour, A. S., Jr., "Microwave Tubes". Artech House 1986. rec. 2105597.
fHigh Power Microwave Sources", Ed. ByL. Granatstein and I. Alexeff,

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

rec. 2159756.
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[1] Kang, W. andR. J. Williams. "Diffusion approximation for an inpgieued switch
operating under a maximum weight matching poliStdchastic Systen2s? (2012): 277
321.

[2] Kang, W. and R. J. Williams. "An invariance principle for semimartingale reflecting
Brownianmotions in domains with piecewise smooth boundarigiseé’ Annals of Applied
Probability 17.2 (2007): 744779.

[3] Shah, D. and D. Wischik. "Switched networks with maximum weight policies: Fluid
approximation and multiplicative state space collapsbeée' Amals of Applied Probability
22.1 (2012): 7a127.

[4] Stolyar, A. L. "Maxweight scheduling in a generalized switch: State space collapse and
workload minimization in heavy trafficThe Annals of Applied Probability4.1 (2004): 1
53.

[5] Costantini, C. and. G. Kurtz. "Existence and uniqueness of reflecting diffusions in
cusps. Electronic Journal of Probabilitp3 (2018).
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Reflected diffusions and switches ® 4 a Uée gU édYi U

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 aroungapers [® 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 expeatiselevel needed to
do research in the field.
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Varghese, George. Network Algorithmics. Elsevier, 2005. s.n. 2284388
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University Press, 2003. s.n. 2261857.
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1. A. Pikovsky, M. Rosenblum and J. Kurths, Synchronization, "A universal concept in
nonlinear sciences," Cambridge Press (1996).
2. E. Rubiola, "Phase noise and frequency stabili@daillators," Cambridge Press (2009).
3. Selected manuscripts i .
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Noise and synchronization effects in oscillator 4 4 Ué U é 8 Y'i

English syllabus:

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, noise-in delay
line oscillators. Von Der Pol model, salfistained oscillars and synchronization by external force,
locking range , and stability. Models and dynamic effects in coupling of two and more
ocsillatorsweak and strong coupling regimes, locking range, and performance of the coupled
oscillators. Kuramoto model forusdying large networs of oscillators. Examples on optoelectronic
oscillators that generate RF signals with ulow phase noise will be given.

Learning Outcomes:

1. Understanding of noise in oscillators
2. Understanding of models to analyze dynamic effectssirillators
3. Understanding of coupling and dynamic effects in oscillators
4. Understanding of coupling effects and models to analyze large networks of coupled
oscillators
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1 A. Zomorodiani Topology for Computing
2 R. Ghristi Elementary Applied Topolog®
3 A. Zomorodian- Advances in Applied and Computational Topol@gy
4 G. Carlsson Topological Pattern Recognition for Point Cloud Data

5 R.Adler, J. Taylor, and K. Worsley Applications of Random Fields and Geometry:
Foundations and Case Studi®s
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Topological methods in engineering, networks and data analysis
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Englishsyllabus: UY ®ed & a4 @hnYe éévYRlleeaéyYUa coae -84daaaee

Introduction to algebraic topology. Modern topologicab o | s -d aotra dibdmal ysi s, ¢
various engineering problems. Applications of topological methods in various areas such as

network analysis, signal processing, biological systems, etc. Probabilistic & statistical

analysis of topological systems.

Topics
1. Introduction to algebraic topology: simplicial complexes, homology, Morse theory,

Euler characteristic.

2. Topological methods: homological inference, persistent homology, Euler
charateristic

3. Applications of topological methods in engineering: signaliarafe processing,
network analysis, medial imaging, cosmology, etc.

4. Probabilistic and statistical analysis: distributions of topological features in random
data, estimation and noise filtering in topological systems.

References:

1. A. Zomorodiani Topology ér Computing
2. R. Ghristi Elementary Applied Topolog®
3. A. Zomorodian Advances in Applied and Computational Topoldagy
4. G. Carlsson Topological Pattern Recognition for Point Cloud Data

5. R.Adler, J. Taylor, and K. Worsley Applications of Random Fietdand
Geometry: Foundations and Case Studies

* An extended bibliography will be handed in class.

Learning Outcomes:

The student will get familiar with the fundamentals of applied topology, their advantages and
applications in engineering. The studeiilt also be able to implement these topological methods.
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[1] Asmussen, S., 2008pplied probability and queuggol. 51). Springer Science & Business Media

[2] Haggstrom, O., 200Einite Markov chains and algorithmic applicatig®l. 52). Cambridge
University Press

[3] Kelly, F. and Yudovina, E., 20&thchastic network@/ol. 2). Cambridge University Press

[4] Viterbi, A.J., 2010. Phatecked loop dynamics in the presence of noise by FeRkanck techniques.
In Foundations of the digital wireless world: Seleatexks of AJ Viterlfpp. 1329)
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Stochastic models in communications and networks 4 A Ué gU éd Yi U

English syllabus: 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 bandwadithpalancing; phase
locked loop in white noise; shot noise. Analytical tools: reversible chains; Hembenius

t heor em; rates to ergodicity; the coupling met hoct

functions in stability analysis. Algorithimtools: Markov chain Monte Carlo; approximate
counting; exact simulation; simulated annealing.

Learning Outcomes:
Familiarity with the models and control over the analytic and algorithmic tools.
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1. P.W. Sauer, M. A. Pai, Power System Dynamics and Stability, University of Illinois at Urbana
Champaign

Topic: Dynamics and Control of Modern Power Systems

Prerequisites:
04419% An Introduction to Power Systems and Smart Grids

(Background ircontrol 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 behaviavoTmain challenges in power systems today are

to analyze largscale 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 ga: the quasstatic approximation and its limitations, the dqO
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transformation, and applications of distributed control techniques in power systems. Students
will learn how to analyze systems and design specific controllers using-Setialnk.

List of Topics:

Power system dynamiéghe quasstatic approximation
Time-varying phasors

The dqgO transformation and its applications in power systems
Dynamic models of passive components and networks
Dynamic models of energy sources and loads

Control of energgourcediclassic and renewables

Distributed control in power systems

© N o g b w N PF

Numeric tools for analysis and design

Learning Outcomes: The student will become familiar with techniques for analyzing the
dynamics of various energy sources and {aogde powenstems, 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 UrbanaChampaign
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Duda, Richard O. Pattern Classification. Wileyerscience, 2001. s.n. 2217905.

Bishop, C. M. Pattern Recognition and Machine Learning. Springer, 2006. s.n. 2282368.
Devroye, L., Gerfi, L., Lugosi, G. A Probabilistic Theory of Pattern Recognition. Springer,
1996.5.n.2169479.

4. Scholkopf, B., Smola, A. J. Learning with Kernels: Support Vector Machines, Regularization,
Optimization, and Beyond. MIT Press, 2002. s.n.2242197
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1. Schachter, Levy. Beamvave interaction in periodic and qugegriodic structures. Springer,
1997. s.n. 2171654.
2. Electromagstic theory of gratings. Edited by Petit R. Springer, 1980. s.n. 2023249
3. Weisbuch, C., Vinter, B. Quantum semiconductor structures: fundamentals and applications.
Academic Press, 1991. s.n. 2119454,
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1. Card, S.K., Mackinlay, J.D., Shneiderman, B. Readings in Information Visualization: Using
Vision to Think. Morgan Kaufmann, 1999. s.n. 2218177.

2. Watt, Alan. Advanced animation and rendering techniques: theory and practice. ACM Press,
1992. s.n. 2141145.

3. Rost, R. OpenGL(R) Shading Language. 2nd ed. Addi¥erley, 2006.s.12 2 8 57 2 4

4. GPU gems 2: programming techniques for kpgihformance graphics and gealpurpose
computation. Edited by Pharr, M. Addistivesley, 2005. s.n. 2268321.

5. Hansen, C. Jonson, C.R. Visualization Handbook. Elsevier, 2004. s.n. 2308830.
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3. Powell, W. Approximate Dynamic Programming. Wiley, 2007. s.n. 2308254.
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Menezes, A.J. , Van Oorschot , P. C. , and Vanstone,
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Cryptography CRC Press, 1977. rec. 2185618.

2. Gol dr ei ch, O.: AFoundati ons oElectnicy pt ogr aphy (Fr a-
Colloguium on Computational Complexity, 1995.
Available online from http://www.eccc.uni.trier.de/ccc/.

3. Papers from current cryptographic research, especially from Crypto and Eurocrypt

conferences.
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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
algorithns 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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1. Matthew Kahle Topology of random simplicial complexes: a survey. arXiv preprint
arXiv:1301.7165, 20130
2. Omer Bobrowski and Matthew Kahle. Topology of random geometric complexes: a
survey. arXiv preprint arXiv:1409.4734, 2014.
3. Partha Niyogi, Stephen Smale, and Shiwleinberger. A topological view of
unsupervised learning from noisy data. SIAM Journal on Computing, 40(8):646
663, 20110
4. Nathan Linial and Roy Meshulam. Homological connectivity of randem 2
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This course will discuss random simplicial complexes (fughensional
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generalizations of graphs). The course will be mainly of a theoretical nature,
but will discuss novel engineering applications for some of the models. Part
of the course will be dedicat¢nl estimation and noise filtering in topological
analysis. No prior knowledge in topology is required.

Topics:

1.

Random combinatorial complexes
High-di mensi onal g e n e ri Rényii randamigmaph snodelfhigiidére Er d Rs
notion of connectivity.

2. Random geometric complexes
High-dimensional generalizations of the random geometric graph model, that are relevant to
ad-hoc networks, and topological inference.

3. Estimation and inference in simplicial complexes
Definign the notion of topological noissolving problems related to estimation and
filtering.

References:

1. Matthew Kahle. Topology of random simplicial complexes: a survey. AMS Contemp.
Math, 620, 201222, 2014.

2. Omer Bobrowski and Matthew Kahle. Topology of random geometric complexes: a survey.
arXiv preprint arXiv:1409.4734, 201Q

3. Partha Niyogi, Stephen Smale, and Shmuel Weinberger. A topological view of
unsupervised learning from noisy data. SIAM Journal on Computing, 40(BR63562011.
O

4. Nathan Linial and Roy Meshulam. Homological conitst of random 2complexes.

Combinatorica, 26(4):41%87, 2006.

An extended bibliography will be handed in class.

Learning Outcomes:

At the end of the course, the student will be familiar with various models in random topology,
methods to analyze thenheir potential applications, and probabilistic/statistical models relveant
for engineering applications.
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Wang, Y., Ostermam, Zhang, ¥Q. Video ProcessgmnandCommunications.

Prentice Hall, 2002. s.n. 2288885.
Tekalp, A. M. Digital Video Processing. Prentice Hall, 1995.&162797.
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3. J. W. Woods, Multidimensional Signal, Image and Video Processing and Coding,
Elsevier (Academic Press), 2006.
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1. Hardware Security: Design, Threats, and Safeguards, Prof. Debdeep Mukhopadhyay,
CRC Books, 2013.
2. Introduction toHardware Security and Trust, M. Tehranipoor and C. Wang, ,
Springer, 2012
3. Physically Unclonable Functions: Constructions, Properties and Applications, R.
Maes, Spiringer, 2013
4. Academic papers ~ . .
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Advanced topics in Hardware Secufitirom theory to practice 0 4 4 Ué gU éd Yi U

Enqlish syllabus:

The course focuses on Hardware methods for building secure system and of attacking them.

A special emphasus is given to yside channel
attachs as well as experiencing how these methods work, using a dedicesgidn kits.

The course will also cover recent research results of protecting advanced sysems as well as
attacking them. We will cover the following subjects:

1 Introduction to hardware security and encryption

1 Side channel attacks.
o Timing attacks
o Powerbased side channel analysisincluding SPA / DPA
o Fault Injection Attacks
o Cache attack

9 Hands on side channel attachs

1 Efficient implementation of cryptographic functions in hardware
o0 Boolean Functions for Cryptography
0 Montgomery Reduction
o Elliptic Curve function implementations

1 Hardware Trojans

9 Security Support in Architecture
0 ARM TrustZone
0 Secure Boot
0 SGX
o TPM

Learning Outcomes:
The main goal of the course is to teach the students and to allow thermrhexpisrience
of

1 What is Hardware security and why it is needed.
1 The use of side channel attacks and how to protect against it
1 The best known methods of implementing Hardware security technique
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1 The use of existing means; e,g., SGX (Intel), TrustZone (ARM)

The course alsaims to motivate students to do research in this important area.
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Challenges in MQED

English Syllabus:
Advanced topics in lightnatter interactions. New topics on the forefront of research in photonics, quantum

electrodynamics, and quantum optics.

Learning Outcomes:
The students will practicstateof-the-art technique in macroscopic quantum electrodynamics and quantum
optics. Will get experience in the research in the field. The course involves presentations and giving a chalk

talk based on modern literature.
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1. Gitlin, R.D., Hayes, J.F., Weinstein, S@®ata Communication Principles".
Plenum, 1992. s.n. 2123470.
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1. Agrawal, G.P. Nonlinear Fiber Optics" 4d. Academic Press, 2007
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Opticatthermalresponse of laser irradiated tissue. Edited by Welch A.J, Gemet, M, J. C.
Plenum.
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: Energy Dssipation in Electronic Devices 0:4 4 @@ X E )

English syllabus

We will study the underlying physics of heating in electronics, with emphasis on the device
(the heat source). Power dissipation mechanisms wiltlassified into three regimes:
diffusive, ballistic, and near potential barriers (interfaces). Scaling effects, interfaces and
contacts. Passive and active devices, as wellas thermally activated devices. We will review
device thermometry techniques and licgtions of heating on device performance and
energy efficiency.
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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 dissipperformance, 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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1. T. M. Cover and J. A. Thomas, Elements of Information Theory, second edition, John Wiley &
Sons, 2006.

2. R. G. Gallager, Information Theory and Reliable Communication, John Wiley & Sons, 1968.
3. M. Mézard and A. Montanari, Information, Physicd &omputation, draft, November 9, 2007.
Available online at: [http://www.stanford.edu/ montanar/BOOK/book.html].

4. H. Nishimori, Statistical Physics of Spin Glasses and Information Processing: an Introduction,
(International Series of Monographs on Biog, no. 111), Oxford University Press, 2001.

5. J. P. Sethna, Statistical mechanics: entropy, order parameters, and complexity, Oxford
University Press, 2007.

6. F. Mandl, Statistical Physics, John Wiley & Sons, 1971.

7. L. D. Landau and E. M. Lifdfz, Course of Theoretical PhysiesvVolume 5: Statistical Physics,
Part 1, 3rd edition, Elsevier, 1980.

8. J. Honerkamp, Statistical physiesin advanced approach with applications, 2nd edition,
Springer-Verlag, 2002.

9. C. Kittel, Elementary Stistical Physics, John Wiley & Sons, 1958.

10. F. Reif, Fundamentals of Statistical and Thermal Physics, Met#iwl965.

11. A. H. W. Beck, Statistical Mechanics, Fluctuations and Noise, Edward Arnold
Publishers, 1976.

12. M. Kardar, Statisticd&hysics of Particles, Cambridge University Press, 2007.

13. N. G. de Bruijn, Asymptotic methods in analysis, Dover Publications, 1981.

14. Papers from the current literature.
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Text books:

A

VLSHDesign of NorVolatile Memories by Giovanni Campardo, Rino Micheloni and
David Novosel ; Publisher: Springer ; 2007

Inside NAND Flash Memoriesy Rino Micheloni, Luca Crippand Alessia Marelli ;
Publisher: Springer ; 2010

Nonvolatile Memory Design: Magnetic, Resistive, and Phase Changklai Li and
Yiran Chen ; Publisher: CRC Press ; 2011

Nonvolatile Memory Technologies with Emphasis on Fjakie Brewer and Manzur
Gill ; Publisher: WileylEEE Press ; 2009

Error Correction Codes for NoWolatile Memories by Rino Micheloni, A. Marelli
and R. Ravasio ; Publisher: Springer ; 2008

Silicon NonVolatile Memories: Paths of Innovation (ISTBarbara de Salvo ;
Publisher: Wiey-ISTE ; 2009

Reference to articles from technical literature & conferences.
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1. Multi-class and mukiabel problems.
2. Structured prediction.
3. Semisupervised learning.
4. Domain adaption, transfer learning and mtask learning.
5. Contextual bandits.
6. Selective Sampling and active learning. .
; 0OYOYT @&
1. Chapelle, Olivier; Scholkopf, Bernhard; Zien, Alexander (2006). Seipervised learning.
Cambridge, Mass.: MIT Press.
2. Sinno Jialin Pan, Qiang Yang: A Survey on Transfer Learning. IEEE Trans. Knowl. Data
Eng. 22(10): 1348359 (2010)
3. GokhanBaklr, Thomas Hofmann, Bernhard Schélkopf, Alexander J. Smola, Ben Taskar
and S.V.N Vishwanathan (2007). Predicting Structured Data. MIT Press.
4. Papers on Contextual bandits, Selective Sampling and active learning
5.
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J.A. Bondy and U.S.R Murty, Graph Theory, Springer, 2Q0G8aduate Text in Mathematics series).
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System Aspects of Communication Networksg 4 4 Ué U é a8 Yi U &

Requirements
044334 Computer Networks and Internet 1
046005 Computer Networks and Internet 2

Courses without additional credit

236827 Seminar inComputer Networks

Syllabus Advanced course in which current topics in networking systems research will be
discussed. The course will focus on recent papers in networking systems conferences, such
as SIGCOMM. Some of the topics are data centers, clotories, wireless/cellular
networks, sensor networks, and advanced Network/Transport layer protocols.

Sources Stateof-the-art sources from the literature

Learning results: (a) Understanding of the fundamentals of networking systems research;
(b) knowladge of statef-the-art literature; and (c) technical presentation skills.
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[1] E. Arikan, "Channkpolarization: A method for constructing capaedghieving codes for
symmetric binanyinput memoryless channels," IEEE Trans. Inform. Theory, vol. 55, pp-3051
3073, 20089.

[2] E. Arikan and E. Telatar, "On the rate of channel polarization," in Pro& I&E Symp.
Inform. Theory (ISIT'2009), Seoul, South Korea, 2009, pp. 14485.

[3] E. Sasoglu, "Polarization and polar codes," in Found. and Trends in Commun. and Inform.
Theory, vol. 8, no. 4, 2012, pp. 2581.

[4] 1. Tal and A. Vardy, "How to comnguct polar codes," IEEE Trans. Inform. Theory, vol. 59, pp.
65626582, 2013.
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Polar Codes
- 04daleguU éYU&aa

Polar codes are a new family of error correcting codes. They are capacity achieving,

explicit (there isno 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.
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ThreeDimensionalmaging 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 analghiading, 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 thre#imensional display.

Referemes:
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 afloppsct
(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 fordinneasional
display.

5) Understand #h limitations and advantages of the different approaches.
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Memory Systems, B. Jacob, S. Ng, D. Wang, Morgan Kaufmann PublisHeditidn (2007)

: UU&desa oYQTI YO
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Information in Storage Devices _; 0 4a4Ué @U édVYi

Sylibus :

1. Algorithmic problems related to data access
a. Command queues and rotatioaisition optimization
b. Constrained data placement
2. Analytical treatment of indirectiosystems
a. Combinatorial modeling of indirection systems
b. Optimal wear leveling
c. Data placement via graph algorithms
3. Data representationCoding data for optimized access
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b.
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Write Once Memories
Rewrite codes

4. Data reliability

a.
b.
C.
d.

e.

Errors, faults and their models

Basc elements in combinatorial and algebraic coding theory
Asymmetric and unidirectional errors

Array codes for storage systems

Reliability analysis of coded storage systems

5. Open problems

a.
b.

Combinatorial theory problems
Algorithmic problems

6. Student participabin: 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 mosterage devices, including non

volatile memories and larggcale 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 contislin the area of data

storage.
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1. G. Aubert and P. Kornprobgt#lathematical problems in image processing: partial
differential equations and the calculus of variatiosl. 147.Springer Science &
Business Media, 2006.

2. T.Chan and J. Shelmage processing and analysis: variational, PDE, wavelet,
and stochastic methodSociety for Industrial and Applied Mathematics, 2005.

3. J. WeickertAnisotropic diffusion in image processingpl. 1. Stuttgart: Teubner,
1998.

4. Recent research papers.
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Variational methods in image processingd 4 48 Ué U édVYi U

English syllabus:

Basic principles in energy minimization methods (convex anecoomex).

Nonlinear diffusion (Peronialik) andanisotropic diffusion (Weickert). Contour

evolutions using level sets. Actigentours segmentation. Numerical

AYLE SYSyGl GAz2zy 2F y2ytEAYSIENI t59Qad ¢201f @ NI
functionals. Evolution of manifoldsBeltrami flow. Nonlocal operatsrand

energies. Applications denoising, deconvolution, imagenhancement,

segmentation, opticaflow, imageregistration.

Learning Outcomes:
1. Be able touse mathematical knowledge and will be familiar with convex
optimization tools.
2. Be able to implemeincode for numerical solvers of nonlinear partial differential
equations.
know advanced image processing algorithms which are based on these methods
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Rudin, W.: "Principles of Mathematical Analysis". 3rd ed., McG#dii, 1976,
1986, 1989. .rec. 214679.
Dieudonne, J.: "Foundations of Modern Analysis". Academic Press, 1960. rec.
210664.
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Vulikh, B.Z.: "Introduction to Functional Analysis for Scientists and
Technologists". Pergamon Press, 1963. rec. 33605.

Liusternik, L. and Sobolev, V.J.: "Elements of Functional Analy§i®rdon and
Breach, 1968. .rec. 213393.

Bachman, G. and Narici, L.: "Functional Analysis". Academic Press .1966. rec.
209816.



