
àÝðì òÝêÝîïæÜ 
 

åáðÙéÜ 
 
 

òÝêÝîïæ åÛï:  åÜ òÝêÝîïæ ñáñ ÛÝæää áèìä êÝîïæÜ êîÝæÜ. 

 
òÝêÝîïæ åáÛÝæî: åÜ òÝêÝîïæ ñáñ ÛÝæää áèìä ÝØ Ûßá åê êÝîïæÜ êîÝæÜ. 

 

òÝêÝîïæ åáæÝÛ: 

åÜ òÝêÝîïæ áäêÙ éÝÙäáé ÜæÝÛ òÝðæä çãòáñ áã òÝæñ ÝØ áðìéæ òÝêÝîïæÜ åÜ åáèÝñ. ïð êÝîïæ ÛßØ 

âÝòæ ÜîÝÙï äñ òÝêÝîïæ åáæÝÛ äÝãá òÝèïÜä òÝÛÝïè òÝãÞ. 

 

 

äê Ûá äã êÝîïæ êîÝæ åáæÝñð òÝêÝîïæÜ åáæÝÛÜ Ýä. äê àèÛÝàéÜ åáñä Ùä âãä Øäñ äãÝá òÝãÞä òÝÛÝïèÙ 

ðÝÙê êÝîïæÜ êîÝæÜ ÜÛáæÙ ÛæäÝ êÝîïæ ÜÞ ÝØ ðßØ åáæÝÛÜ Ýä ÜãæéÜÙ ÝØ åáãæéÝæÙ. 
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 ;åÛï êÝîïæ 
044101 ï  ,ÝØ Üèãò òÝãðêæä ØÝÙæ234121 ï  .òÝãðêæ òÝèãòä ØÝÙæ 
046209 ,236364 ï  .ÜäêìÜ òÝãðêæ ÜèÙæ 

  
 

;òáðÙêÙ éÝÙäáé 

ØÝÙæ  äêæ òÝèãò ;òÝðÞÝÙæ òÝãðêæäRPC;TCP/IP , òÝêÛÝÜRMI   
Webservices  ,ðÞÝÙæ ,áÞãðæ) òÝáæÝàØ òÝáîïÞèðà òáÛÛÜ Üêáèæ ,ÜáîÞáèÝðãèáé :òÝáäáÙïæ , êÛáæ áäÝìãáñ (

deadlock  òÝòñð .ÜßàÙØÝ ÜèÚÜ .åááÞáì åáÚÝä åáèÝêñ : åáèÝæÞáò ,òÝðÞÝÙæ åáîÙï òÝãðêæ ,(ðÞÝÙæ ,áÞãðæ)
ßÝïä-  .ßÝïä 
 

òáäÚèØÙ éÝÙäáé: 
 

Interoduction to Distributed Systems, TCP/IP and Client Server Programming , RCP, Messaging, RMI 

, Web Services, Transactions & Concurrency , Replications, Processes Synchronization and Deadlocks 

(local and Distributed Distributed File system, Logical and Physical Clocks, Security and Protection , 

peer 2 peer networks. 

;ÜÛáæä òÝØîÝò 
 

 òÝáðÝØòÙ ïÝéêá éðÝïÜ .òÝðÞÝÙæ Üèãò òÝãðêæ çÝèãò äñ åááéÛèÜÜ òÝèÝðïê òØ Ûæää éðÝïÜ òðàæ
 êÛáæÜ òØ Ýñãðá åáàèÛÝàéÜ ÛðÝïÜ åÝáéÙ òÝáñêæ Üèãò òÝæðÝìàäì òÝêîæØÙ çòæÚÛÜÝ òÝáàèÝÝäðÜ

òÝãðêæ çÝèãòä ñÝðÛÜ .åÝßòÙ òÝäáÙÝæÜ òÝáðÝØáòÙÝ òÝïáèãàÙ ñÝæáñá"ê òÝðÞÝÙæ Üèãò 
 

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 end of the course students will 

have the knowledge to design and implement distributed software systems. 
 

 
 

 
òÝðÝïæ: 

 
1. Tanenbaum, A.: "Modern Operating Systems", Prentice-Hall, 1992. s.n. 2130930. 

2. Colokris, G.F., Dollimore, J.: "Distributed Systems: Concepts and Design"  

          Addison Wesley, 1988. s.n. 2100667.  
3. Lea, D.: "Concurrent Programming in Java: Design Principles and Patterns".  

         Addison-Wesley, 1997. s.n. 2178083.  

4. Bernstein, Ph. A., Hadzilacos, V., Goodman, N.: "Concurrency Control and  

          Recovery in Database Systems". Addison-Wesley, 1987.  s.n. 2028340. 

5. åáðæØæ òÝðìéÜæ òáêÝîïæÜ òìàÝñÜ.  
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éðÝïÜ òðàæ 

 
 åáÚñÝæ òááèïÜ ,åáæòáðÝÚäØÙ åáæÛïòæ åáØñÝè òðãÜ , åáæòáðÚÝäØ ßÝòáèÙÝ çãòÙ éáéÙ òááèïÜ

 òÝáêÙÝ òÝáîïÝÛð ,òÝáÙÝñáß òÝáãÝÙáéÙ åááéáéÙNP. 
 

êÝîïæòÝ åÛï: 
044268 ï Ý åáæòáðÝÚäØÝ åáèÝòè áèÙæä ØÝÙæ-  
104034 ï òÝðÙòéÜä ØÝÙæ  'ß ,ÝØ 



104222 ï  ,ÝØ òÝðÙòéÜÜ òðÝò 
094412/094411 ï  'æ òÝðÙòéÜ 

 
òÝêÝîïæ åáæÝÛ:  
234246 - åáæòáðÝÚäØ òðÝòÙ .åáìðÚÜ 
236343 - òðÝò .òÝáÙÝñáßÜ 

 
 

;éÝÙäáé 
 

åáæòáðÝÚäØ åáæÛïòæ òðÝòÙ åáìðÚ :åáìðÚÜ òÝáêÙ ,åáèÝÝãæ ÜæáðÞ, òÝáêÙ áÝéáã  òÝïäßæÜ .ÜêáÙîÝ  P 
Ý- NP  òÝáîïÝÛð òÝáæÝèáäÝìNP - .òÝæäñ .òÝìéÝè òÝæÛïòæ òÝáæòáðÝÚäØ òÝàáñ .áæèáÛÝ áðØèáä òÝèãò 

                                                                                                                       
;òáäÚèØÙ éÝÙäáé 

 
Review Advanced graph algorithms: directed graphs, flow networks, cover and coloring problems. 

Decidability and the Halting problem. The classes p and NP classes polynomial reductions NP-

completeness. Dynamic and linear programming Additional advanced aldorithmic techniques. 
 

 ;ÜÛáæä òÝØîÝò 
 òÝèÝðïê çãÝ ,ÝáñÝæáñÝ òÝáêÙ çáÙ ÜáîïÝÛðÜ ÚñÝæ ,áðØáèáä òÝèãò ,åáìðÚÙ åáæÛïòæ åáæòáðÝÚäØ òðãÜ

.òÝáãÝÙáéÝ òÝáÙÝñáßÙ åááéáéÙ  
 

Expected teaching benefits: 

 
 Acquaintance with advanced graph algorithms, linear programming, reductions among computational 

problems, and basic principles of computability and complexity theory.  
 

òÝðÝïæ: 
1. Cormen, T.H., Leiserson, C.E., Rivest, R.L. Introduction to Algorithms.3rd ed.,  

      MIT Press, 2010.                                                   

      s.n. 2309426 ï 3rd ed., 2010. 

      s.n. 2232918 ï 2nd ed., 2001.                                
      s.n. 2099273 ï 1st ed.,  1990. 

2. ,ÜßÝòìÜ 'èÝØÜ  .åáæòáðÝÚäØä ØÝÙæ  .ò ,çæðÝï 2008. 
      .æ.æ2299723 ú  ,'Ù 'ÛÜæ2008                       . 
       .æ.æ2196197 ú  ,'Ø 'ÛÜæ1998 .  

3. Sipser, M. Introduction to the Theory of Computation. 2nd ed.  Thomson/Course Technology, 

2006. s.n. 2270984. 

4. Kleinberg, J. Algorithm design. Pearson/Addison-Wesley, 2006.s.n. 2271029 
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 ØÝÜ .ÜàäÝïìÙ äÚéÜ áðÙß á"ê ÜéÝãæ ÝèáØñ åÛïòæ áðïßæ åÝßòä åáàèÛÝàé òìáñß ØáÜ éðÝïÜ òðàæ
Ý ÞãÝðæ ÜáÜá éðÝïÜñ çãòá .ßðÝØ ÜßæÝæ á"ê çòèááÝ íáïÜ áñÛÝßÙ ã"ðÛÙ êîÝá ØÝÜ äÝäãá14  òÝêñ

.ÜØîðÜ  
.åáØòæÜ ÜîðæÜ òÝèáæÞäÝ âðÝîä åØòÜÙ ,òêä òêæ åéðÝìá ÝÛêÝæÝ éðÝïÜ ØñÝè 
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ÜèñÜ çòèáá Øä 

 

åÛï òÝñáðÛ: 

114073   ÝØ 115203 ÝØ 124408 
 044125  ÝØ116217   

Ü"êñòÙ éðÝïÜ ØñÝè- åáééÝÙæ åááàèÝÝï åáèïòÜ åáñÛß ÜðáÙî áÙîæ äê 



 
 

éÝÙäáé; 
åáèÝÞÝÙ áÝÙê ,åáèÝáæðìÝ ,ðæÝßÙ òÝáàèðÜÝïÝ áàèÝÝï çÝàáéïØ-ÝðïáæÙ åáèÝàáðäÝì- ÛÝæáî åê åáÛÝÜæ
,ïÞß åáèïòÜ åáééÝÙæ äê áÝÙê äêÝ áàèÝÝï-äñ òÝáäÞÝè çÝàáéïØ-,åáèÝàáðäÝì äê äñ áìÝïéÝðïØæ ðÝØáò-
âáäÝæ 'ñæ)GL , åáèïòÜ åáééÝÙæ äê òêìÝò Ú'çÝéìÞÝ ,ÜÛñ áàèÚæ ,òêìÝò  ÜÙðáïÜ,( ðÝØáò áìÝïéÝðïáæ 
äñ äê-âáäÝæ  )äÛÝæ BCS,( åáèïòÜ ÝàìÝØ-åáÙäñæÜ åááèÝðàïäØ äê-åê åáãáäÝæ  åáãáäÝæ

,Üîßæä ÜÞØì òáÚÝäÝìÝà ,áàèÝÝï äÝÜ àïìØ ,ðæÝß äñ åáèïòÜ  äê åáééÝÙæ åáÛÛÝÙæ åááÚÝäÝìÝà Ýäê äê-
åáãáäÝæ åááÚÝäÝìÝà 
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2 ,'Ü 1 'ò 
)3 (òÝÛÝïè 

;åÛï òÝñáðÛ 044334  ÝØ236334- åáÙñßæ òÝòñðä ØÝÙæ 
ÜÜÞ êÝîïæ :236341- àèðàèáØÙ òðÝñïò 

 
;òáðÙêÙ éÝÙäáé 

Üäêæ ÜñáÚ .òÝòñðÙ âñæÜ éðÝï-,òÝèÝðïê :åÝñááÜ òÙãñ .Üàæ Web and HTTP, DNS,  áæÝñáá  ,  P2P 

òðñÝ-ßÝïä :ÜäÙÝÜÜ òÙãñ  .UDP, TCP  Ù òÝìáìî òðïÙ ,ÜæáðÞ òðïÙ,- TCP åáÝÝï :òñðÜ òÙãñ .

 ,åááäØÝàðáÝIP,   òÝÙÝòã ,IPv4  ,åáæòáðÝÚäØÝ òÝèÝðïê :ÙÝòáè ,PI ,PIF,  , Link State Bellman- Ford ï

Distance Vector  , àèðàèáØÙ ÙÝòáè ,áäæáàìÝØ ÙÝòáè   ,OSPF ,BGP   . 
 

English syllabus: 

Advanced course in computer networks and internet. App;ication layer:principles,DNS,HTTP and 

WEB, P2P and client-server applications. Transport layer:TCP,UDP,flow control, congestion control. 

Network layer: Virtual LANs, IP,IPv4 addressing. Routing: principles and 
  

 ; ÜÛáæä òÝØîÝò 
:òÝáðïáê òÝðàæ áòñä åáèÝÝãæ éðÝïÙ åáÛæäèÜ åáØñÝèÜ 

1(  .(òñðÜÝ ÜäÙÝÜÜ ,ÜáîïáäìØ òÝÙãñ) àèðàèáØÜ òñðÙ òÝèÝáäêÜ òÝÙãñÜ äñ òÝèÝðïê òááèïÜ
,åáðÝòÜ òðÝòæ åáêÝîáÙ ßÝòáè áäãÝ ,åáæòáðÝÚäØÝ åáäÝïÝàÝðì åáääÝã òÝèÝðïêÜ  òðÝò

 .åáìÚÜ òðÝòÝ ÜáîÞáæáàìÝØÜ 

2(  åáäÝïÝàÝðì) áñêæÜ àÙáÜÜæÝ òáàðÝØò àÙæ òÛÝïèæ ÜæáðÞ òðïÙÝ ÙÝòáè äñ òÝèÝðïê òðãÜ
.(àèðàáØÜ òñðÙ 

 àèðàèáØÜ òñðÙ ä"èã åáäÝïÝàÝðì çãÝ ä"èã òÝèÝïê ÙàáÜ ðáãá àèÛÝàéÜ éðÝïÜ äñ ßäîÝæ åÝáéÙ
Ýðì ßÝòáìä åáñÝðÛÜ åááéáéÙ åáäãÙ ÛáÝîæ ÜáÜáÝ ääãÙ òðÝñïò òÝòñðÙ òÝáîïáäìØÝ åáäÝïÝà

 .àðìÙ àèðàèáØÙÝ 
Learning products: 

This course includes two goals: 

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

optimization and graph theories.  

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

 
At the end of the course, the student will have sufficient knowledge on the aforementioned principles 

and protocols in the Internet. The student will acquire the basic required tools for developing protocols 

and applications for computer networks in general, and for Internet in particular.  
 

;òÝðêÜ 
 
 

1( ä ðàéæéÜ ðÝîáï äñÙ-13  òÝêÝÙñ ,àèðàèáØÜ òñðÙ ÙÝòáè áæòáðÝÚäØ ðÝØáò äñ ØñÝèÜ åîæÝîá
) åÝáã ðòÝá åáîÝìèÜ åáæòáðÝÚäØÙ ÞãðòáÝBGP,OSPF.( 

2(  .åÛïÜ òÝñáðÛÙ áÝèáñ çáØ 
 
;òÝðÝïæ 

J.F Kurose & Keith.W. Ross, Computer Networking, A Top-Down Approach,  Pearson 2010 
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2 ,'Ü 1 'ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 

 
;åÛï òÝñáðÛ  

044142  - åááðØèáä åáèÝðàïäØ åáäÚêæ 

044148  - òÝÚäÝìæ òÝãðêæÝ åáäÚ 

046903  - åáÙäÝñæ åáäÚêæ CMOS ÝáÛð ðÛòÙ  (ÜÙÝß Øä íäæÝæ) 

 

 éÝÙäáé: 
Ý ßÝòáèçÝáìØ  áäÚêæ äñRF ä åÝñáá äê ñÚÛ åê ,òðÝñïò òÝãðêæáàáäÝèÝæ ÙCMOS åê  ÜÙÝÚòØä- .òáðØáèáä áØñÝè
 :éðÝïÜðÛñæ òÝðÝàïàáãðØ àäïæÝáÚÝäèØ åáèèìØ ,åá åáðïÝÙæ åáÛèòæ ,ÝáÛð ðÛòÙ åáäÙðêæ ,åááäàáÚáÛÝ- ßòæ

.òðÝñïò áäÚêæä åáðßØ åáæÛïòæ åáÙáãðÝ åáðÞááéáòèáé ,ñêð áäÝïáñÝ 
 äÝäãá éðÝïÜÝÛ åê Üòáãæ åáÚñÝæÜ òØ ïÞßä ÝÛêÝèñ òÝÛÙêæ àïáÝðì .äêÝìÙ òÝØæÚ-  ÙÝîáêÝ òÝðìé ðïé Ùðêä äÝãá

 çááèÙ çÙØ äñRF )PLL / ðéïáæ ,ïìéÜ ðÙÚæ ,LNA  .(' ÝãÝ ,ðéïáæ /òÝáîäÝæáé ÜäÚêæåá ÝêîÝÙá  Ùñßæ áÛá äê ðïáêÙ

áäã åê ADS Ý- Virtuoso. 

 

Syllabus:   

Analysis and design of RF circuits and systems for communication, with an emphasis on CMOS 

monolithic implementation for which nonlinear response must be included. Transceiver architectures, 

analog and digital modulators, radio-frequency mixers, voltage-controlled oscillators and noise 

considerations, frequency synthesizers and other advanced components for telecommunication 

circuits.  

The course incudes labs that are designed to strengthen concepts from class with actual examples. 

Project - can involve literature survey and design of a RF building block (PLL, mixer/PA, LNA/mixer, etc). 

Circuit designs will be simulated by computer tools as ADS and Virtuoso.  

 

;ÜÛáæä òÝØîÝò   åÝßòÙ êÛáÜ òØ ðáñêá éðÝïÜáäÚêæ RF äòÝãðêæ òðÝñïò  äñ ÜèÙÜÜÝ ßÝòáèÜ òØ ÛßÝáæÙÝ
 ÜáîäÝæáéÜ áäáÚðò âÝòæ òðÝñïò òãðêæ çèãòä òáñêæ òäÝãá ñÝãðá àèÛÝàéÜ .åááðØèáä ØäÜ åáàèæäØÜ

 .éðÝïÜ âäÜæÙ Ýèòèááñ åáàïáÝðìÜÝ 

 

Learning Outcomes: The course will enrich the knowledge in the field of RF circuits for 

communication systems, especially the analysis and understanding of non-linear elements. The 

student will acquire the ability to design practical communication system based on simulation 

exercises and projects that will be given during the course. 

 ;òÝðÝïæ 
 

1. Behzad Razavi, RF microelectronics, 2nd Edition, Pearson Education, Inc., 2012. 

2. T. H. Lee, The design of CMOS Radio Frequency integrated circuits, 2nd Ed. Cambridge, 2004. 

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

2007. 

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

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

046241 ú ) + òáàèÝÝï Üïáèãæ124114  ÝØ ÜáæáãÜ òÝÛÝéá125001 ) + (òáääã Üáæáã044127  áèïòÜ òÝÛÝéá
 ÝØ æ"äæ315030 .(åááèÝðàïäØ åáðæÝß òÝèÝãò 



ÝØ 124408 ú ) + ÜáæáãÙ ÜáæÝñááÝ åáàèÝÝïÜ òðÝò441270  ÝØ æ"äæ áèïòÜ òÝÛÝéá315030  òÝèÝãò
.(åááèÝðàïäØ åáðæÝß 

ÝØ 044125- )+ æ"äæ áèïòÜ òÝÛÝéá125001  ÝØ òáääã Üáæáã124408 (ÜáæáãÙ ÜáæÝñááÝ åáàèÝÝïÜ òðÝò 
;ÜæÝÛ êÝîïæ 

049012- åááèÚðÝØ åááèÝðàïäØÝàìÝØ åáÙáãð 
 

 äñ ÜèÙæÝ äÝêìò åáØäÚ ,åáðÝàéáÞèðà ,ðÝØ òÝàäÝì òÝÛÝáÛ :çÝÚã) åáèÚðÝØ åáðæÝß äê åáééÝÙæÜ åáèïòÜ
.(åáðÞááäÝ  òðÙêÜ áèÝèÚèæ .åááäæñßÝ (åáèÝàáéïØ) åáàìÝØ åáðÝðáê .åáèÚðÝØ åáðæÝß äñ òÝèÝãòÝ ÜèÙæ

.ÜãäÝÜ áèÝèÚèæÝ ÜáÚðèØ 

;òÝðÝïæ 
1. Turro, N.J. Modern Molecular Photochemistry.  Univ. Science Books, 1991.   

      s.n. 2212512.  

2. Pope, M.,  Swenberg,  C.E. Electronic Processes in Organic Crystals and Polymers. 2nd 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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;åÛï òÝêÝîïæ 

044202- .åááØðïØ òÝòÝØ 

;ÜæÝÛ êÝîïæ 
046925- .åáÙñßæ òÝãðêæ ßÝòáèä åáäã 

 
 ðÝò ßÝòáèM/M/1  ðèáÝ òááîÞáðÝàïì ,ðÝãáñ âÝäáÜ .- ,ëìÝÜG/M/1 ,M/G/1 ï'îäÝì òßéÝèÝ-çá'îèáß /

ðÜîßæä òÝáäáÙáéðÙðÝ òÝáäáÙáéðÙð åáðÝò òÝòñ .òÝòñð çÝéï'Ú.  òÝòñðKelly åáäÝÛÚÜ åáðìéæÜ ïÝß .
 ÛÝßÝðÝïé òÝïòêÜ .òáÛæáæ Ûß ÛÝßÝðÝïé òïòêÜ .áäèÝáîïèÝìÜ áÞãðæÜ äÝÙÚÜ àìñæÝ áäèÝáîïèÝìÜ

 .äÝÛáæÙ çÜáñÝæáñÝ òÝáääãÜáÞÝìáÛ áÙÝðáïÝ åáäÞÝè áÙÝðï ä- G/G/1 äñ åÝæáéïæ .sy periodbu .
 .òÝääãÝæ çÝéï'Ú òÝòñðä ÜáÞÝìáÛ áÙÝðáï .ÜèÝòè Üæðä êáÚÜä ÜáèòÜ òßò òÝÚÜèòÜ .ÙèÞÜ òÝÚÜèòÜ

.æ"Ýñä òÝéèãòÜ Ùîï .òÝäÝÛÚ òÝáàé òïáàÝàìæáéØ 
 

;òÝðÝïæ 
 

1. Philippe Robert. "Stochastic networks and queues" Springer (2003). 
2. Hong Chen and David Yao, "Fundamentals of queueing networks'' Springer (2001). 

3. Ronald W. Wolff, "Stochastic modeling and the theory of queues" Prentice-Hall (1989). 

4. Richard Serfozo, "Introduction to stochastic networks" Springer (1999). 
5. Research papers. 

 
 

157152 
 

òÝáÙîê òÝòñð òÝáÚÝäÝáÙ ú  -òÝáÙÝñáß 
ÜÛáæäÝ  êÛáæ ÛÝÙáê 

 2 'Ü+1'ðò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

 ;åÛï òÝñáðÛ 
046326- åááÚÝäÝáÙ òÝãðêæÝ òÝòÝØä ØÝÙæ 

;ÜÜÞ êÝîïæ 
049041- ÜÛáæäÝ òÝáÙÝñáß ,êÛæ ÛÝÙáê :òÝáÚÝäÝáÙ òÝáÙîê òÝòñð 

 
;ÛÝæáäÜ áØñÝè 

1. åáÙîêÜ òãðêæä Üðîï ÜæÛïÜ 
2.  ÛÛÝÙ Ùîê Øòòáàìèáé òðÝñïòÝ 

3. áØò äñ  åáàñÝìæ åáäÛÝæ- Ùîê 

4. åáØò äñ òÝáéÝäãÝØä åááàæòæ åáäÛÝæ 

5. áÙîê ÛÝÛáï 



6. áÙîê êÛáæ ßÝèêì 

7. òÝáàéäìÝ ÜÛáæä ,çÝðãáÞ 

 
 ;òÝðÝïæ 

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. s.n. 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 Models.  9th ed.  Academic Press, 2007. 

s.n.2289098  - 9th ed., 2007.                       

s.n. 2253618 ï 8th ed., 2003.                           
      s.n. 2213474 - 7th ed., 2000.                       

., 1997.de th6 ïs.n. 2183460        

 

 

157153 
 

Üæãß òñðÝ ïìéÜ òÝãðêæä ØÝÙæ çÝðÙä/á 2 'Ü+1'ðò 
)3 (òÝÛÝïè 

 ;åÛï òÝñáðÛ 
044130 ú  òÝãðêæÝ òÝòÝØ 

 

òÝêÝîïæ ;ëéÝè áÝãáÞ Øää 
044195- Üæãß òñðÝ ïìéÜ òÝãðêæä ØÝÙæ 

 
 ;éÝÙäáé 

.åáñÛßòæ òÝðÝïæÝ ÜáÚðèØ òÝðÝïæ ,ïìéÜÜ òñð ÜèÙæ òðáïé 
 .Üßáñï òñðäÝ áäáÙïæ ðÝÙáß ,áèÝðãèáé ðÝàðèÚ ,åáØèñ ,ïìéÜ òÝãðêæÙ ÛÝéá áÚñÝæ 
  ,åááäãäã åáàÙáÜ ,ðÝÝáê ïìéÜ ßòæ , ðÛò ,ïìéÜ òðïÙ ÛáæòæÜ ÙîæÙ ïìéÜÜ òæáðÞ òðÝéæò áÝÝï

.Üæãß òñðä ØÝÙæ 
 

;òáäÚèØÙ åñ 
INTRODUCTION TO ELECTRIC POWER SYSTEMS and SMART GRIDS 

 
 
 
 

Syllabus 

  
THE COURSE PROCIDES AN INTRODUCTION TO ELECTRIC POWERR SYSTENS, SMART GRIDS AND 

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

 
 

 
 
 
 
 

 

 

157163 
 

ÝàìÝØ.òáàèØÝÝï ÜïáèÝðàïäØ Ø/ éïÝÙ 2 'Ü+1'ðò 
)3 (òÝÛÝïè 

 
 ;åÛï òÝñáðÛ 

115203-  òáàèÝÝï Üïáéáì1  
 ÝØ046241 ú òáàèÝÝï Üïáèãæ 



;ëéÝè áÝãáÞ Øää òÝêÝîïæ 
124400-  òáàèÝÝï Üáæáã1 

124408- ÜáæáãÙ ÜáæÝñááÝ åáàèÝÝïÜ òðÝò 
127412- Üáæáã  òáàèÝÝï3 

115204-  òáàèÝÝï Üïáéáì2 
êÝîïæòÝ ÜÞåá; 

048848- ÝðàïäØÙ åáæÛïòæ åáØñÝè- ÜïáàìÝØ1 
049052- ÝàìÝØ-òáàèØÝÝï ÜïáèÝðàïäØ 

 

 ÙÝðáï ,åáðÝÞáìÜ òðÝò ,çæÞÙ ÜáÝäòÜ òÝêðìÜÜ òðÝòwkb,äÝäéæ áäðÚàèáØ ,  ÜÛñ ,áàÙØáÛØ ÙÝðáï
 ,åáÜÞ åáïáïäß ,áàèØÝÝï áàèÚæÝðàïäØ,ðæÝßä ðÝØ çáÙ ÜáîïØðàèáØ .áàèØÝÝï êÛáæÝ òÝßÝòì òÝãðêæ  

 
 ;òÝðÝïæ 

 
1. N. W. Ashcroft and D. Mermin, Solid State Physics, New York: Holt, Rinehart and Winston, 1976 

C. Kittel, Introduction to Solid state physics, Wiley, 2005 .2 
 
 

157166 Ýèè.ØàæÝ ÜïáèÝàÝì. åááàìÝØ åáðæÝß Ú /äàðÙ 
 

2 ,'Ü 1 'ò 
)3 (òÝÛÝïè 

ðîÝïæ áðÙê åñÝèè :-ÜïáèÝàÝì 

 
;åÛï òÝñáðÛ 044148 

ëéÝè áÝãáÞ Øää òÝêÝîïæ; 049055 ,036070 
 

òáðÙêÙ éÝÙäáé 
æðæÝßÙ äÝÝéïæ òÝØÝÝñ; ÜáéðìéáÛðæÝßÙ åáéèèÝÞð , éðæðï áéßáÝ-ÚáèÝðïéèèÝÞðÜ ;åáãêÝÛ åáäÚ ; 

åáÛÝÜæÝ åááßàñæ åáèÝæÞäì ,áèÝæÞäìÜ\Ýèè ;òÙäÝñæ ÜïáèÝàÝìä ØÝÙæ ;åááèÝæÞäì åáäÚ áãáäÝæ- åáèÙæ
Øàæ äñ ÜéÛèÜä ØÝÙæÝ åááðÝÞßæ åááàìÝØ- áäáäñÜ ÜðáÙñÜ åÛïæ ,áÙáàïìØÜ âÝÝòÜ ÙÝðáï :åáðæÝß

ðìÝé ;"òæäñÝæÜ ÜñÛêÜ"Ý-Øàæ åê òáÙáàæðÝìéèðà ÜïáàìÝØ ;ÜáìÝïéÝèèÝ ÜáîÝäÝÞð-áðæÝßáØ) å-
.(òÝØðè 

 
 ;òÝðÝïæ 

Wenshan Cai & Vladimir Shalaev, Optical Metamaterials: Fundamentals and Applications 

(Chapters 6,8-9), Springer, 2009 
Stefan A. Maier, Plasmonics: Fundamentals and Applications (Chapters 1-3), Springer, 2007 

Grahm T. Reed, Silicon Photonics: State of the Art (Chapters 4,7), Wiley, 2008 

Lukas Novotny & Bert Hecht, Principles of Nano-Optics, Cambridge University Press, 2006 
 

;ÜÛáæä òÝØîÝò 
Ýèè åáèïòÜ äñ çÝèãòÜ òÝèÝðïê òØ ÝÛæäá åáàèÛÝàéÜ-:ÜÞ ääãÙ .ÛÝêÝ òðÝñïò ,òÝæáÛ ,Üñáßä åááèÝàÝì 

1( ÝàéÜÝèè åáèïòÜ òðáîá òÙÝàä åáðæÝßæ òÝñðÛèÜ òÝáàèÚæÝðàïäØÜ òÝèÝãòÜ òØ Ýðáãá åáàèÛ-
.ÝäØ òÝèÝãò éÛèÜä Ûîáã ÝÛæäáÝ ,åááèÝàÝì 

2( .(åááßàñæ åáèÝæÞäì çÝÚã) ÜïáèÝàÝìÝèèä òÝáÛÝßáá òÝáàèÚæÝðàïäØ òÝêìÝò Ýðáãá åáàèÛÝàéÜ 
Ýèè åáèïòÜä åááÛáòêÝ åááßãÝè åáñÝæáñ Ýðáãá åáàèÛÝàéÜ-Ýì.åááèÝà 

 
çÝáîÜ ÙãðÜ ;òáìÝé ÜèáßÙÝ Ùïêæ áèÝáî áìä êÙïáá çÝáîÜ 

òáäÚèØÙ éðÝïÜ åñ; photonics and optical metamaterials-Nano 
English syllabus: 

Maxwellôs equations in matter; dispersion, material resonance and Kramers-Kronig relations; 

evanescent waves; the plasmonic resonance, surface plasmons and plasmonic 

resonators\waveguides; introduction to integrated photonics; periodic optical nanostructures and 

introduction to metamaterial engineering: effective medium approximation, negative refractive 

index and ñThe Perfect Lensò; super-resolution and nanoscopy; transformation optics with 

metamaterials (cloaking). 
 

Learning Outcomes: 



The students will learn the design principles of nano-photonic devices for sensing, imaging, 

communications etc. In this respect, the students will be acquainted with: 

1) The electromagnetic traits of materials, required for nano-photonic devices, and how to 

engineer them. 

2) Unique electromagnetic phenomena in nano-photonics (such as surface plasmons). 

3) Current and future uses for nano-photonic devices. 
 

 
 

15723: 
 

(ß ïîÝæ Ùîæ äñ Üïáéáì  2 'Ü+1'ðò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

 ;åÛï òÝñáðÛ 
046241- òáàèÝÝï Üïáèãæ 

114203-  åáàèÝÝïÜ òðÝò1 
124408- ÜáæáãÙ ÜáæÝñááÝ åáàèÝÝïÜ òðÝò 

êÝîïæòÝ ÜÞåá; 
116217- ïîÝæ Ùîæ äñ Üïáéáì 

127427-  ïîÝæ ÙîæåáØæáãä 
127428- åáØæáãä ïîÝæ Ùîæ 

 

 áèðï òááîïðìáÛ .áãìÝÜÜ ÚáðéÜ íñáÙÚ áÚáðé .òÝãòæä ÛäìðæÝé òááðÝØò .òÝãòæä ÜÛÝðÛ òááðÝØòX 

 Üîßæä åáãáäÝæ íåáèÝðàïäØ òïáæèáÛä áéØäï áæéÜ äÛÝæÜ .áðÝÞßæ äØáîèàÝìÙ òÝáèÝðàïäØ òÝæð

ðÝØò .áèÝæðÜÜ ÚáðéÜ äñ òáéØäï ÜááðÝØò .åááèÚÝæÝÜ.áèÝæðÜÜ ÚáðéÜ äñ òáàèÝÝï Üá 

 

;òáäÚèØÙ éÝÙäáé 
The Drude of metal / The Sommerfeld theory of metals.Crystal lattices  Lattices ths reciprocal 

lattice. X ï ray diffraction. Electron levels in periodic potential. Ths semiclassical model of 

electron dynamics. Homogeneous semiconductors. Classical theory of the harmonic crystal. 

Quantum theory of the harmonic crystal/ 

 ;òÝðÝïæ 
1. N. W. Ashcroft and D. Mermin, Solid State Physics, New York: Holt, Rinehart and Winston, 1976 

C. Kittel, Introduction to Solid state physics, Wiley, 2005 .2 
 

  



 
 

157298  åááÚÝäèØ åáäÚêæ çãò 
 

ð /ðßÙäØ 2  ,'Ü1 'ò 
)3  (òÝÛÝïè 

 
  ;åÛï êÝîïæ 044142 . 
;ÛÝæî êÝîïæ  044202. 

 
;ÛÝæáäÜ áØñÝè 

çÝèãò òàáñ  :åáäÚêæ çÝèãò ê"ì çÝðïêÜ äñ áØ-åÝØò åáðÙÚæ .åáéèÛìæáØ áÙßð Üïáèãà .àðé äñ òèÞÜ" 

"ÜæáÛï (feed forward) òÙßðÜä ÙßÝð ñêð  .àðéÜ åáðÝàéáÞèðà ,òÝÛÝáÛÙ çãò .åáðÙÚæÝ áðÙÚæ åÛï ñêðä 

åáØò  .âÝæè åááàðÛèàé Ù- VLSI. 
 :ÙÝñæ ÜàáñÜ òáÚÝäÝìÝàÜ ßÝòáèä áðÙÚæ òÝÛáßØ  .ÙÝñæ áïÝß ÙÝñæ áäáÙïæ âÝò ,áðÝàÝ äÝîè òÝáäØÝÛÜ 

òæááïÜ òðÛÚÜ .åÜáèáÙ òÝñáÚðÜ äñ ðÙÚæ òÝêðìÜä òÝáèÝîáß ñÝæáñÜÝ ÙÝñæÙ åñä ÜòèàïÜ. òèàïÜ 

Ü(Common Mode Rejection Ratio) CMRR-  äñ áðÙÚæ  ,ñðìÜ ê"á  .ÙÝñæ çÝèãò áðÙÚæ ÙÝñæ ÜÙÝÚòä 

òáèÝàÝèÝæ òÝßãÝèÙ ÜáÜñÜ ,ÜÙáèêÙ âÝò ñÝæáñ òàáñÙ .root-locus òðÛÚÜ ÙÝñæ" ÚñÝæÜ  "ñáÚÛæ
ÝáòÝãäñÜÝ äê çÝèãò åáðÙÚæ. 
ÜïáèãàÜ éèðàÜòáðØáèáä äñ àðÙäáÚ:  
çÝèãò åáðÙÚæ áìä Üàáñ ÝÞ. äìãæ  .áÚÝäèØ ÝñÝææ äñ åÝãáé åáðÝàïÝ òÝáîïèÝìÝ áØ-òÝáðØèáä òÝðßØ. 
çìÝØ :åðÞ  áïáòêæ  .åðÞ ðÝàðÚàèáØ .åðÞ  ðÙÚæ äêÙ ÙÝñæ åðÞ áòáæØ ÜéáèãÙ òÚðÛÝ ÜØáîá äñ åðÞ. 
 

;òÝðÝïæ 
1.   .åááðØèáä åáäÚêæ äñ åÛïòæ çÝèãò .Ø ,äÙðØ ,äÝäãæ  .'Ú 'ÛÜæ1987. 
  .æ.æ2034071 ú  ,'Ú 'ÛÜæ1987                        . 

 .æ.æ14825 ú  ,'Ù 'ÛÜæ1982.  
2.  Razavi, B. Design of Analog CMOS Integrated Circuits. McGraw-Hill, 2001. s.n.2227194 

 

 
157299 

 
åáÙðÝêæ òÝòÝØä  åááèÝðàïäØ åáäÚêæ çÝéÙÝïêá /ï 

 
2,'Ü 1'ò 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

044137 åááèÝðàïäØ åáäÚêæ Ý-044131  òÝãðêæÝ òÝòÝØ 

 ÝØ 
044142 åáðØèáä åááèÝðàïäØ åáäÚêæ Ý-044131 òÝãðêæÝ òÝòÝØ 

 ÝØ 
044142  åáðØèáä åááèÝðàïäØ åáäÚêæ Ý-044130 òÝãðêæÝ òÝòÝØ 

 
 äñ çãòÝ ÜèÙæADC  ,àéáÝÝïááè ÙîïÙDACÜæÚáé áðáææÝ ,- .ÜòäÛ 
 ,ñØäì áðáææPIPLINE  ,ÜØÝÝñÜ áäÚêæ çãò .ðòá òæáÚÛÝDAC ,SAMPLE-AND-HOLD , 

 ,ðÛò ñêðÝ áæðò ñêð çÝÚã çÝïáäáéÙ ÜáîðÚàèáØ äñ ÜÝÙÚ ðÛéæ åáàïìØ ääÝã åáäÚêæ ßÝòáè 
áØÝ ,àéìÝØ- .ðÝàéáÞèðàÜ òæðä Ûê òãðêæÜ òæðæ çãò áãáäÜò .òÝæØòÜ 

 
 
 
 

;òÝðÝïæ 
1. R. Van De Plassch, CMOS integrated analog-to-digital and digital-to-analog converters, 

2nd ed. Kluwer Academic Publishers, 2003 

2. J.C. Candy, Oversampling Delta-Sigma data converters theory design and simulation, 
IEEE Press, 1992. 

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

Elect. And Comp. Eng. 1994 

4. IEEE jornal of solid state circuits and Isscc.  
 
 
 

15729: çãò åáèèéæ åááÙáàïØ 
 

çáïéáÛ/Ø 2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
êÝîïæ åÛï: 



044130 ï .òÝãðêæÝ òÝòÝØ 

 
;éðÝïÜ òðàæ 

 åááäØðÚàèáØ åáäÚêæ òÝáÚÝäÝèãàÙ ñÝæáñä åáæáØòæÜ åáèèéæ äñ çãòä òÝàáñÝ åáäã àèÛÝàéÜ áÛáÙ òòä
Ý ÜïáèÝðàïäØÝðïáæ- VLSI. 

.ÛÝêÝ òÝòÝØ ÛÝÙáêä òÝãðêæ ,ÜðïÙ òÝãðêæ ,òðÝñïò òÝãðêæÙ ñÝæáñÙ åáØîæè åáèèéæÜ 
Üèàï òÝñáÚðä çãò çÝÚã ,ä"èã åáèèéæä òÝÛßÝáæÜ òÝáêÙÜ äê ñÚÛ åñÝá .òÝÙáîáäÝ 

 
;ÛÝæáäÜ áØñÝè 

 ñÝæáæ òÝàáñ ,åáèÝñ åááÙáàïØ åáÙáãð ,áÙáàïØ ñÝæáæä òÝèÝñ òñð äñ òÝèÝãò ,ÜáîæáéïÝðìØä ØÝÙæ
 áðÙÚæ ,åááÙáàðìÝØ åáðÙÚæÝ åáäÙï ,åáÛÚè òðÞêÙTransconductance.ÛÝêÝ åáðÝàðá'Ú , 

.òÝÙáîá òÝáêÙ ,åáîèðäÝàÝ òÝñáÚð òÝáêÙ 
 

òÝðÝïæ: 
1. Kardontchik, L.E.  Introduction to the Design of Transconductor-Capacitor Filters.  Kluwer, 1992.  

s.n. 2128151. 

2. The Circuits and Filters Handbook. Edited by Chen, W.-K. 2nd ed., CRC Press, 2003. s.n. 2281178. 
 
 
 
 
 

1572:6  òÝÛæÝä òÝãðêæ 0áðÛÝé /Û 
ðÝèæ/ñ 

 

2  ,'Ü2 'ò 
)3.5 (òÝÛÝïè 

 

;åÛï òÝñáðÛ   
)  òÝãðêæÝ òÝòÝØ044130) òÝðÙòéÜä ØÝÙæ ,(104034.( 

 
éÝÙäáé 
Ýï ,ÚÝÝáé òÝáêÙ .ÜðïÙ òÝãðêæäÝ òáòÝãØäæ ÜèáÙ ,òÝòÝØ ÛÝÙáêä çðñïÜÙ òÝÛæÝä òÝãðêæä ØÝÙæ éð

ÜáéðÚð ,åááðïáê åáÙáãð áÝîáæ òðÞêÙ òÝáÛæáæ òòßìÜ äÝãñáØÝ , áðÝàïÝ òàáñÙ ÚÝÝáéÜãáæòÜ,  òÝòñð
òÝáÙîê, ÜàäßÜ áîê.åáÚÝÝéæ ÙÝäáñÝ , 

 
òáäÚèØÙ éðÝïÜ åñ: Machine Learning 

 
:åãñæ òãðêÜÝ ÛÝæáäÜ áØñÝè àÝðì 

1.  ÜæÛïÜú 2 .òÝêñ 
 .òÝØæÚÝÛ ,ÜÛáæä òÝáêÙ áÚÝé ,áÜæ òÙñßÝææ ÜÛáæä 

2.  åááàéáààé òÝÛÝéáú 4 'ñ 
 òÝðáÙé :áðàæðì âÝðêñ ,åááàéáààé åáäÛÝæ.áðàæðì Øä åáÚÝäáì âÝðêñ ,áèØéááÙ/òáÙðáæ 

3.  òãðÛÝæ Øä ÜÛáæäÝ êÛáæ äñ åáÛïæ ÛÝÙáêú 2 'ñ 
 :òÝáÛææ òÛðÝÜ ,åáèááìØæ ,(äÝæðèÝ ÞÝãðæ) òÝáéáéÙ òÝäÝêìPCA.äÝãñØ , 

4. ä ØÝÙæòãðÛÝæ ÜÛáæä ú 2 'ñ 
ÜáàÜ çÝÞáØ ,áòáæØÝ áðáìæØ çÝãáé ,åááðàæðì Øä/åááðàæðì åáäÛÝæ ,ÚÝÝáé/ÜáéðÚð-èÝñ ,òÝ

 ,çßÝÙ òîÝÙï ,ðòá òæØòÜ äÝÚðòÙ) ðòÝáÙ ÙÝðïÜ çãñÜ ÚÝÝéæú  ÚÝÝéæk-NN.( 

5.   áÙáàðèÚ ÚÝÝáéú 2 'ñ 
) áäæáàìÝØ áéÝØÚ ÚÝÝáé ,áÙáàèáæáðïéÛ äÝæ áÙáàðèÚ ÚÝÝáéQDA/LDAáÙáØè éááÙ  ,(. 

6.  ÜàäßÜ áîêú 2    'ñ 
ÜàäßÜ áîê òÝêîæØÙ ÚÝÝáé, ìä åáèÝáðàáðï ,òÝØæÚÝÛæ ÜàäßÜ áîê òááèÙ.åÝÞáÚÝ äÝîá 

7.   ÜÛáæä áæòáðÝÚäØ ÙÝäáñú 2 'ñ 
  ,ñäßÜ ÛæÝäÜ çÝðïêBoosting & bagging Ûæäá äÝÚðòÙ .Gradient boosting. 

åááéáéÙ ÜáîÞáæáàìÝØ áæòáðÝÚäØ :òáæîê ÜØáðï 

8.  òáðØèáä ÜáéðÚðú 2 'ñ 
 .áàéãÝàé àèØáÛðÚ ,àèØáÛðÚ òÝàáñ ,ÜáîÞáðäÝÚð ,åáêÝÙáð åÝæáèáæ 

9.  áðØèáä ÚÝÝáéú 2 'ñ 
òáàéáÚÝä ÜáéðÚð ,çÝðàìéðì 

10.  SVM  çáêðÚ òÝàáñÝú 2 'ñ 



11. òÝáÙîê òÝòñð ú  4'ñ 
 ,òÝáòÙãñ Ùð òÝòñð ,çÝðàìéðìBack Propagation ,áäéðÙáèÝØÜ ÙÝðáïÜ àìñæ ,

òÝðÝàïàáãðØ:  ,ÜáîÝäÝÝèÝï òÝòñð,ÙÝñæ åê òÝòñð AutoEncoder  ,GAN. 
 

 
:åäïñæÝ çÝáîÜ áÙáãðæ 

òáÙ áäáÚðò 30% ÜÙÝß 
ÜèãÜ áäáÚðò  äáÚðò äãä éÝèÝÙ ÜÛÝïè êÙð 
òáìÝé ÜèáßÙ 70% 

 
 
 

:åáðìé 

:òáéáéÙ Üæð 

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

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

:ðòÝá åáæÛïòæ 

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

¶ T. Hastie, R. Tibshirani and J. Friedman, The Elements of Statistical Learning, 2nd Ed. 
Springer, 2009. 

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

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

¶ E. Alpaydin, Introduction to Machine Learning, 3rd ed., 2014. 

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

 
1. Mitchell, T.M. Machine Learning. McGraw-Hill, 1997.  s.n. 2186354. 

 
 
 
 
 

1572:7 ÜðïÙ Øä òáðØèáä  
 

 2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
ÜèñÜ çòèáá Øä 

 
êÝîïæ åÛï: 

044191 ï  ÜðïÙ òÝãðêæ1  
 

ÚÝîáá òÝãðêæ Øä-òÝáðØèáä äê áÛá òÝØÝÝñæ áÙîæ ;òÝáäØáîèðìáÛ áÝÝñ äïñæ ÜÞáäèØ .åòÝÙáîáÝ äñ òÝãðêæ 

ÜðïÙ Øä-òÝáðØèáä ðÝñáæÙ ÙîæÜ òÝêîæØÙÝ ÜáîïèÝìÜ .òðØòæÜ  òêìñÜ åáàèæäØ Øä-åááðØèáä ÚÝßÙ 

,ÜðïÙÜ çÝÚã âÝãß çÝäÝï òÝêìÝò ;åáðéææÝ Øä çÝÚã ,òÝáðØèáä äÝäéæ áäÝÙÚ (LIMIT CYCLE )  ÜïäßÜÝ
)SLIDING MODEòðÝò  .( òÝÙáîáÜ äñ  .ÙÝèÝìØáä  çÝáðàáðï ÙÝìÝì çÝáðàáðïÝ çãò .äÚêæÜ çòáØ 

(ROBUST)  òÝêîæØÙ òðïÙ ÜïäßÜ òðïÙÝ ;ÙÝèÝìØáä ñÝæáñ òðïÙÙ  .åáàÝÙÝð  
 

òÝðÝïæ: 
1. Slotine, J.-J.E., Li W. Applied Nonlinear Control. Prentice-Hall, 1991.  s.n.2123273. 
2. Khalil, H.K. Nonlinear Systems. 3rd ed. Prentice-Hall, 2002.   

      s.n. 2241933 ï 3rd ed., 2002.                              

      s.n. 2255381 ï 3rd ed., 2000.   

      s.n. 2177854 ï 2nd ed., 1996. 

3. Verhulst, F. Nonlinear Differential Equations and Dynamical Systems. 2nd ed. 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, S. K. Sliding mode control: theory and applications.    

      Taylor & Francis, 1998. s.n. 2280801. 



 
 
 
 

 

1572:8  ÜáîÞáæáàìÝØÙ òÝáÙÝñáß òÝàáñ 
 

äà/ê 2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
êÝîïæ åÛï: 

104011 ï .'æ Ø"ÝÛß 
Ý- 104016 ï  ÜðÙÚäØ1  .ÙßðÝæ 

êÝîïæ ÜæÝÛ: 
236330 ï  ÜáîÞáæáàìÝØä ØÝÙæ 
104193- ÜáîÞáæáàìÝØÜ òðÝò 

 
:ØÝÙæ òÝØæÚÝÛ òÝáêÙä òÝàáñ  .ÜáîÞáæáàìÝØ òÝáéäï ÜáêÙä Øää åáîÝäØ åêÝ áîÝäØ çÝáÝÝñ áØÝ çÝáÝñ 
òÝèãò  ,áðØèáä òÝèÝãò   ,òÝáääã òàáñ ,éïäìæáéÜ òÝàáñ .òÝáäØÝÛ òÝáÙáàðàáØ òÝáêÙä Øää :åáîÝäØ  

òÝáêÙ ÛæáæÙ Ûáßá ï òÝàáñ .åáÙÝðï ,çÝàÝáè òÝèÝãò òÝáêÙ  .òÝéèãòÜ Ùð òÝáÛææ - òÝàáñ ñÝìáß   .òÝðáñá
òàáñ   .àèØáÛðÚ òÝàáñ åáèÝÝã .òÝáèÝàÝáèáÞØÝÝï  ,åáÛÝæî åáàèØáÛðÚ ,åáÛÝæî Üîáðàæ  :ÜðêÜ  .Üèòñæ  
êÝîïæÜ .áñáæßÜ ðàéæéÜæ äßÜ åáàèÛÝàéä íäæÝæ 

 
òÝðÝïæ: 

Boyd, S. P., Vandenberghe, L. Convex optimization. Cambridge, 2004. s.n. 2262155. 
 
 
 

157311  òÝèÝæò ßÝòáèÝ ÛÝÙáê 
 

çÜã/á0 
ðèãñ/á 

2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
êÝîïæòÝ åÛï: 
104034- 'ß òÝðÙòéÜä ØÝÙæ ÝØ 094412  'æ òÝðÙòéÜÝØ 104222  òÝðÙòéÜÜ òðÝòÝØ 'ò òÝðÙòéÜ 

 
;áÝãáÞ Øää òÝêÝîïæ  

236327-  ÙñßæÙ òÝòÝØÝ òÝèÝæò ÛÝÙáê 
 

1. .òÝèÝæò ÛÝÙáêäÝ ÜááØðä ØÝÙæ 

2. ÝÛÙ òÝáðØèáä òÝãðêæ-ÝÛ ÜáðÝì òðæòÜ ,òÝáäáÙðìé ,ðïèÝðï òäìãæ ,áîáðàæ ÚÝîáá :Ûæáæ- 
.òáÛæáæ 

3. ) òÝèÝæòÙ äÝìáïÜ òêìÝò ,ÜÛáßØ ÜæáÚÛ :òÝèÝæò äñ ðÝÞßñÝ ÜæáÚÛaliasing.áääã Úáðé äê ÜæáÚÛ ,( 

4.  :ÜáîÞáàèÝÝï.êÙî òáîÞáàèÝÝï ,åááòÝÞß åáäÝïáñ ,òáðäïé 

5.  ðÝÞßñ :òÝèÝæò ðÝìáñML  ðÝÞßñ ,MAP .òÝèÝæòä òÝðÙòéÜ òÝáîïèÝì , 

6.  ðÝÞßñ :ÜèÝæò ðÝÞßñML  ðÝÞßñ ,MAP.òÝèÝæòä òÝðÙòéÜ òÝáîïèÝì , 

7. ÝÛÙ òÝáàðïéáÛ òÝðæòÜ-  :Ûæáæ,  2D-DFT  2D- DCT  .Üèòñæ ÜáîÝäÝÞðÙ òÝèÝæò ßÝòáèÝ ÚÝîáá , 

8. éáßÛ òðæñæ ÜéáßÛ ,çäÝîáèÝ òÝèÝæòÙ òÝáÝðáòá ,ÜáîæðÝìèáØÜ òðÝòÙ åááéáéÙ åáÚñÝæ :ÜèÝæò ò
.òðæñæ ØäÝ 

  
òÝðÝïæ: 

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

2. Gonzalez, R.C., Woods, R.E.Digital Image Processing. 3rd ed. Addison-Wesley, 2007.                                                                

s.n. 2279936 ï 3rd ed., 2007                                

s.n. 2238212 ï 2nd ed., 2002.    
      s.n. 21283329 ï 1st ed., 1992. 

3. Gonzalez, R.C. Digital Image Processing Using MATLAB.2nd ed. Gatesmark , 2009.  

      s.n. 2307575 ï 2nd ed., 2009.                              
       s.n. 2259287 ï 1st ed., 2004. 

4.  ,òÝèÝæò ßÝòáèÝ ÛÝÙáê .æ ,ÛêäØ1999 .æ.æ  .2226345  
 

;ÜÛáæä òÝØîÝò 
 

:äÚÝéæ ÜáÜá àèÛÝàéÜ éðÝïÜ åÝáéÙ 

¶ .òáäØáæÝèáäÝì ÜáîäÝìðàèáØ á"ê òÙðÝïæ ÜðÝîÙ ÜðÞßñäÝ ,áääã ÚáðéÙ ÜèÝæò åÝÚÛä 

¶  çèãòäåááäØÝÞáÝ åáäÝïáñ åê ðÞáàèÝÝïÝ áäØæáàìÝØ ðÞááàèÝÝï 



¶ .òÝèÝæò ðÝìáñä åáèèéæÝ òÝäÝêì åñááä 

¶ .Üäñ òñàñÝàæÝ òñêÝð ÜéðÚ âÝòæ ÜèÝæò ðÞßñä 

¶ ÝÛÙ òÝáðØèáä òÝðæòÜ çááìØä-.Ûæáæ 

¶ òÝáÝðáòá ðØòä .òÝáÝðáòáÜ òØ òÝäîèæÜ ÜéáðìÝ ÜéáßÛ òÝæãé çèãòäÝ ,òÝèÝæòÙ 

¶  
 

157312  åááØðïØ òÝòÝØ ÛÝÙáê 
 

áäØãáæ /ò 
 

2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 

êÝîïæ åÛï: 
044202 ï  åááØðïØ òÝòÝØ 

 

 
 

;åáðàæðì âÝðêñä ØÝÙæ ðæðï åéß ,âÝðêñ Ùáà áèÝáðàáðï ,ÜáêÙÜ òðÛÚÜ- òàáñÙ âÝðêñ ,ÝáòÝÙßðÜÝ ÝØð
 .åáàèæÝæÜ òàáñÙ âÝðêñ ,åáòÝßì åáêÝÙð âðêñæ ,òáàÝàìæáéØ òÝäáêá ,òÝáÙïê ,òáÙðáæÙ òÝðáÙéÜ 

 
 ;åááÙáéðÚðÝàÝØ åáãáäÜò äñ åáðàæðì âÝðêñ åòáðÝÚäØ ,çèÝðòìÝ åáòÝßìÜ åáêÝÙðÜ âðêñæ òÝØÝÝñæ

,çÝéèáÝä áÙáéðÝïð åòáðÝÚäØ 
 

òÝðÝïæ: 
1. Porat, B. Digital Processing of Random Signal: Theory and Methods.   

      Prentice-Hall, 1994. s.n. 2144342. 

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

3. Papoulis, A. Pillai, S.U. Probability, Random Variables, and Stochastic Processes.   

      4th ed., McGraw-Hill, 2002.    
      s.n. 2240547 ï 4th ed., 2002.                                 

      s.n. 2111164 ï 3rd ed., 1991. 

4.   Candy, J. Signal processing : the modern approach. McGraw-Hill, 1988. s.n. 2135453. 
 

157313 êÛáæ ßÝòáèÝ ÛÝÙáê áÝä /ã 2 ,'Ü 1 ,'ò 
 6 Ù"ê 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

 òÝãðêæÝ òÝòÝØ044131Ý ,-  òÝÛæÝä òÝãðêæ046195 Ý ,ú  'ß òÝðÙòéÜä ØÝÙæ104034 
ÝØ 

 òÝãðêæÝ òÝòÝØ044130 Ý ,ú  òÝÛæÝä òÝãðêæ046195 Ý ,-  'ß òÝðÙòéÜä ØÝÙæ104034 
 

;ëéÝè áÝãáÞ Øää òÝêÝîïæ 
  êÛáæ ßÝòáèÝ ÛÝÙáê046193 

 
 òáðÙêÙ éÝÙäáé 

ØÝÙæ áØñÝèä òïìÜ êÛáæ åáèÝòèæ òÝàáñÝ ÜÛáæä Øä òßïÝìæ. 
 òÝÛÝéá ÜïéÜÙ òáàéáààé :ÜÛáæØ òáðàæðì ØäÝ-òáðàæðì ,òïáÛÙ òÝðêñÜ. 
 ÛÝÙáê áèÝñØð äñ åáèÝòè. 
 òðáßÙ åáèááìØæ. 
 òÝàáñ òÛðÝÜä òÝáÛæáæ :ßÝòáè åáÙáãð åááðïáê ,ïÝðáì åáãðê åááðäÝÚèáé ,òÝÙßðÜ Øä-òÝáðØèáä. 
 áÛÛæ ïßðæ çÝáæáÛÝ çáÙ áàáðì êÛáæ. 
 åáæòáðÝÚäØ äÝãñØä. 
 áÝÜáÞ òÝßáãñ ðñïÝ ,áÝÜáÞÝ åáÚáðß .åáæÝñáá åáÚîááæ 
 
 
 
 
 
 



;ÜÛáæä òÝØîÝò  
 éðÝïÜ åÝòÙ:äÚÝéæ ÜáÜá àèÛÝàéÜ 

 1.êÛáæ ßÝòáèÙ ÛÝéáÜ òÝáêÙ òØ ðØòä . 
 2êÛáæ âÝòæ òÝðêñÜ òïáÛÙÝ åáðàæðì òãðêÜä òÝáàéáààé òÝàáñ åñááäÝ ðáÙéÜä . 
 3.åáèááìØæ òðáßÙä òÝáéáéÙ òÝàáñ åñááäÝ ðáÙéÜä . 
 4.êÛáæ òÝáÛææ òÛðÝÜä åáæòáðÝÚäØ åñááäÝ ðáÙéÜä . 
 5åáæòáðÝÚäØ åñááäÝ ðáÙéÜä . .ðñïÝ òÝßáãñ áÝÜáÞä 
 6.åáèÝòè äÝãñØä åáæòáðÝÚäØ åñááäÝ ðáÙéÜä . 
 7.êÛáæÙ åáÚáðß áÝÜáÞÝ ßÝòáèä åáæòáðÝÚäØ åñááäÝ ðáÙéÜä . 

 

Syllabus: 

INTRODUCTION TO DATA MINING METHODS AND UNSUPERVISED LEARNING. 

 REVIEW OF STATISTICAL INFERENCE 

 PARAMETRIC AND NON-PARAMETRICS ESTIMATION, HYPOTHESIS TESTING. 

 DATA PREPROCESSING. 

 FEATURE SELECTION. DIMENSIONALITY REDUCTION: PCA, SVD, NONLINEAR EXTENSIONS. 

 DSITANCE AND SIMILARITY MEASURES. 

 CLUSTERING ALGORITHMS. 

 FREQUWNCY AND ASSOCIATION MINING. 

 OUTLIER ANALYSIS. 

 REPRESENTATIVE APPLICATIONS. 

 
Learning outcomes: 

UPON COMPLETING THE COURSE, STUDENTS WILL BE ABLE TO: 

 1. EXPLAIN THE BASIC ISSUES OF DATA ANALYSIS. 

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

TESTING. 

 3. EXPLAIN AND IMPLEMENT BASIC APPROACHES FOR FEATURE SELECTION. 

 4. EXPLAIN AND IMPLEMENT ALGORITHMS FOR DATA DIMENSIONALITY REDUCTION. 

 5. EXPLAIN AND IMPLEMENT ALGORITHMS FOR FREQUENCY AND CORRELATION. 

 6. EXPLAIN AND IMPLEMENT ALGORITHMS FOR DATA CLUSTERING. 

 7. EXPLAIN AND IMPLEMENT ALGORITHMS FOR OUTLIER DETECTION. 

 
 

 
 

 
 

 

 
 

 
 

157314 
  

åáïÝÞáßæ ÜÛáæäÝ çÝèãò   ðæò /Ø 
 

2'Ü  1'ò 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

044202-  Ý ,åááØðïØ òÝòÝØú 046195 òÝÛæÝä òÝãðêæ 
 

;ÜÜÞ êÝîïæ 
046194 ú òÝáæØèáÛ òÝãðêæÙ çÝèãòÝ ÜÛáæä 

 
 

  .(åÝßòÜ áñèØ á"ê ðñÝØ) ÜðïÙ  :òÝßæòÜ òîÝÙï 
   .åáÙñßæ ,òðÝñïò òÝòñð :òÝìéÝè òÝáðñìØ òÝßæòÜ òÝîÝÙï 

 ØÝÙæ ÜÝÝÜæ ÜÞ éðÝï áäØæáàìÝØ çÝðòì äê ñÚÛ âÝò ,åáÛáÛÙ åáêÝðáØ òÝãðêæÙ ÜàäßÜÝ ÜðïÙ òÝáêÙä
 çÝðòì òÝàáñ ,åááÙÝïðæ ÜàäßÜ áãáäÜò äñ áéáéÙÜ äÛÝæÜ òØ Úáîæ éðÝïÜ .áæØèáÛ òÝèãò äñ òÝàáñÙ

 åáæÝñááÝ ,òÝäÙÝïæ òÝáêÙä .ÜïáàÝÙÝðÝ ,äÝäéæ çÝèãò ,òðÝñïò òÝòñð ,Ùñßæ òÝãðêæÙ òÝáæØèáÛ ÜàäßÜ

 Ýïäß åáïÝÞáß òÝêîæØÙ ÜÛáæä äñ åáæÛïòæÜ åáØñÝèä ØÝÙæ ääÝã éðÝïÜ äñ áèñÜ(Reinforcement 

Learning)  çÝÝïæ çÝèãòÝ(online planning). 



;ÛÝæáäÜ áØñÝè 

1.ÜæÛïÜ ú 2 òÝêñ. 
òðáïé éðÝïÜ .òÚîÜ òÝáêÙ ÜàäßÜ òÝáàèÝÝäð åáæÝßòæ åáèÝñ . 

 
2.ØÝÙæ ÜáîÞáæáàìÝØä ú 2 òÝêñ 

òÝáêÙ òÝèãò áðØèáä òÝèãòÝ ðÝæï .áæòáðÝÚäØ àèØáÛðÚ. 
 
3.áãáäÜò ÜàäßÜ åááÙÝïðæ ú 8 òÝêñ 

òÝØðñðñ ÙÝïðæ çæÞÙ ÛáÛÙ )ÜðÞß ,(òÝØðñðñ ÙÝïðæ òÝðïÝÙæ òááêÙÝ ÜðïÙÜ òáäØæáàìÝØÜ .çÝáðàáðï 
ðáßæ áìÝé ,çÝÝÜæ êîÝææÝ .òÝàáñ çÝðòì òÝáðïáê :òÝèãò áæØèáÛ )òááîðàáØ âðêÜ òáîðàáØÝ òÝáèáÛæÜ ,(
òÝèãò áðØèáä . 
 
4.òÝØæÚÝÛ ú 4 òÝêñ 

çÝèãò äÝäéæ ÜêÝèòÝ . 
ÜðïÙ òáäØæáàìÝØ äñ ÙÝòáè íÝÙáñÝ òÝãðêæÙ åáðÝò òÝòñðÝ òðÝñïò . 
 
5.òÝèãò áæØèáÛ ÙðÝïæ ÜÛáæäÝ äê áÛá åáïÝÞáß  ú8 òÝêñ. 

òáêÙ ÜÛáæäÜ òÝêîæØÙ åáïÝÞáß .áÚÝé ÜÛáæä :òèÝÝïæ ØäÝ òèÝÝïæ .òááêÙ àáÛèÙÜ-Ùð òÝêÝðÞÜ ,áÝéáè 
òæÝêä áÝîáæ .åáæòáðÝÚäØ åááéáéÙ :ÜÛáæä òééÝÙæÜ äÛÝæ ,ÜÛáæä äê áÛá åáñðìÜ åááèæÞ ,òÛáæä 
òáîïèÝì âðê-ÜäÝêìÜ . 

 
6.çÝèãò çÝÝïæ -  4 òÝêñ. 

òááêÙ çÝèãòÜ çÝÝïæÜ òÝãðêæÙ òÝáàéáèáæðàÛ òÝáàéãÝàéÝ .òÝàáñ ñÝìáß åáìðÚÙ åááØðïØ .åÝñáá 
áïßñæä ßÝä. 

 
;òÝðÝïæ 

 
 :ÛÝæáä ðìé 

ed., 2012),  thed., 2005), Vol. 2 (4 rdD. Bertsekas, Dynamic Programming and Optimal Control, Vol.1 (3

Athena Scientific.   
:çÝáêÝ ðÞê áðìé 

Hall, 2009.-ed., Prentice rdA Modern Approach, 3 ïS. Russel and P. Norvig, Artifical Intelligence  

S. LaValle, Planning Algorithms, Cambridge, 2006. 
 
 

 
 

157315  òáÚÝäèØ òðÝñïò 
 

áòðîè /æ 
 

2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
êÝîïæ åÛï: 
044142 Ý åááðØáèáä åáèÝðàïäØ åáäÚêæ-044202 ú åááØðïØ òÝòÝØ 
 ÝØ 

044137 Ý åááèÝðàïäØ åáäÚêæ-044202 ú åááØðïØ òÝòÝØ 
 

âØ áòðìé åäÝêÙ åááß ÝèØ  áñêæ ÝØ åááêÙà åááÚÝäèØ åáãÝÝò äêæ åáêîÙòæ áòðìé êÛáæ çÝéßØÝ ÜðÙêÜ
çæÞÙ òÝìáîð äÚ òÝðÝî òÝêîæØÙ åÛØ.  áéáìÜ åäÝêÙ åáæááï Øä åááòðìé òÝòÝØú  éðÝï çãä .áÚÝäèØ äãÜ

 ÝáÛðä ðÙêæ ÜÙðÜ çÝÝãæ ÜÞAM/FM   ðÛòÜÝ çæÞÜ åÝßòÙ ÚÝîááä åáïîÝæ òÝÛÝéá ßáèæ ØäØ ØòÙé äñ
ä ÛÝÙáêÝØäÝ áðØáèá- äê òáèðÛÝæÜ òðÝñïòÜ äñ éáéÙÜ  åÜ ðñØ åááÚÝäèØ åááØðïØ åáãáäÜò äñ áðØáèáä
.ÜáÚÝé 

  áðØáèáä áÝäáÚÝ çÝèìØ :åáØñÝèú çÝèìáØ áàØæðÝìAM Ý-DSB.  éì áãáäÜò äñ åááéïäìæÝï åáÚÝîáá- ðÙêæ
ÝáðØáèáä òÝãðêæ âðÛ åðÙêæÝ (àðÙäáÜ òðæòÜ ,áàáäèØ òÝØ , òáéïäìæÝï òìàÝê) çÝèìáØ àØæðÝì .ò

SSB ä ÜæÛïÜÝVSB. 
éßá ßÝòáè-òÝØ-ñêðäSNR   äñDSB ,AM ,SSB áòáÝÞ çÝèìáØ .FM, PM  áØ òÝßãÝèÙ ÝáêÝîáÙÝ- òÝáðØáèáä

 .ñêðÝ íÝðêÜ äñ 
 

;òáäÚèØÙ éðÝïÜ åñ 

Analog Communication Course Overview-Compiled by prof. M  Nazarathy 

 

We live in a digital world yet transfer and storage of digital information are performed over analog 

media, be they natural or man-made, by means of time-continuous waveforms.  Digital signals do not 

exist in the physical world ï everything is analog. Thus, this course aims well beyond Grandmaôs old 

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



frequency domain and performing linear and nonlinear processing on these signals ï providing the 

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

Topics: Linear modulation and detection -  AM and DSB modulation formats. Complex 

representations of bandpass deterministic and random signals (complex envelope, analytic signal, 

Hilbert transform). SSB modulation format and brief intro to VSB. Analysis of the Signal to Noise 

Ratio (SNR) of DSB, AM, SSB. Angle modulation, namely PM, FM and its performance in the wake 

of channel nonlinearity and noise.   

 

 
;ÜÛáæä òÝØîÝò 

 
 çááèÝêæñ áæ äã åê Ùáàá éðÝïÜ ,òÝòÝØ ÛÝÙáê ,òáòðìé òðÝñïò äñ âñæÜ áÛÝæáä ðÝÙê ïîÝæ éáéÙÙ

,å"ãæ òÝãðêæ , áÝØìð ðÝñãæ ÝØ ÜÛáÛæ ðÝñãæ òÝãðêæ  åÝßòÙ åáðïÝß ÝØ åáØïáéáì àðìÙ .'ÝãÝ
 çÝèìØÙÝ ñßðÝ òÝØ òÝêìÝò äñ ÜïáàéáààéÙ åòèÙÜ ïáæêÜä åáìØÝñ ðñØ òáäïáéáì ÜïáèÝðàïäØÜ

ð ÝáÜá åáÛæäèÜ åáØñÝèÜ .òÝòÝØÛê åááàèÝÝä- òÝáÚÝäèØÜ òÝïáèãàä åáäÙÚÝæ ØïÝÝÛ åèáØÝ åäÝê
 .òÝáìáîìéÜ 

Learning products: 
The course may benefit whoever is interested in a solid base for follow-up studies of digital 

communication, signal processing, instrumentation systems ï for measurement and medical, radar 

systems, etc.. In particular, physicists or EE practitioners of physical electronics who wish to deepen 
their understanding of the statistics of noisy signals and modulation of signal will benefit. 
The taught topics are expected to stay relevant forever as they are not related to particular analog 

technologies (e.g., the theory of phase-noise presented here in the context of FM, is relevant wherever 
phase noise arises). 

òÝðÝïæ: 

1. B.P. Lathi: Modern Digital and Analog Communication Systems 3rd Edition, Oxford University 
Press 1998, 

2. Carlson, A.B., Crilly, P., Rutledge, J. Communication Systems: An Introduction to Signal and Noise 

in Electrical Communication.  5th ed. McGraw-Hill, 2009.  

s.n. 2308794 ï 5th ed., 2009.                                

s.n. 2237756 ï 4th ed., 2002.    

                s.n. 2004433 - 3rd ed., 1986. 

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

 

 

157316 Ü òðÝòä ØÝÙæÛÝÛáï òðÝñïòÙ 
 

çÝññ /á 2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
êÝîïæ åÛï: 
046206 ï  .òáòðìé òðÝñïòä ØÝÙæ 

 
; éÝÙäáé 

- ØÝÙæåáñêÝð åáîÝðêÙ ÛÝÛáïä 

-åááìÝé òÝðÝÙßÙ êïð ðæÝß åÚ ääÝãÜ åááðØèáä ïÝäÙ áÛÝï òÚîÜ 

-áàðÛèàéÜ âðêæÜÝ åÝðÛèáé ßÝèêì 

-åááðØèáä ïÝäÙ áÛÝï-  áÛÝïHadamard áÝÝñ åááäÝÚÝòðÝØ òÝòÝØ òááèÙä-  äñ åáêÝîáÙ òÞáäèØ ,ÜáÚðèØ-

 áÛÝï ,áàèðÜÝï àäïæReed-Muller 

-  ßÝèêìÝ ,åáÛÛÝïæ ,áðÙÚäØ ðÝØáò :ÜáîÝäÝÙèÝï áÛÝïMAP  áÙðàáÝ ßèêìæ á"ê 

-áÙðàáÝ ßèêìæ åê ÜáîÝäÝÙèÝï áÛÝï äñ åáêÝîáÙ òÞáäèØ 

- ßÝèêì åòáðÝÚäØBCJR  åááÙáéðÝïð ÜáîäÝÙèÝï áÛÝïä 

-ëðÚ áÛÝï ðÝÙê åááÙáàðàáØ ßÝèêì áæòáðÝÚäØä ØÝÙæ 
 

 

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 ï Hadamard codes for orthogonal signals, performance analysis of coherent 

detector, Reed-Muller codes (3 hours) 

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

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

g. The BCJR algorithm for recursive 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 

 

ÜÛáæä áðîÝò : 

 òðÝñïò òÝãðêæ òÝééÝÙæ åÜáäê ðñØ ÛÝéá òÝèÝðïê òÝèïÜä ØáÜ éðÝïÜ òðàæ .òÝáèðÛÝæ òÝÛÛÝïæ
 òßò åáÙÝà åáêÝîáÙ òÚñÜä ÜìáØñ âÝòæ òÝèèãÝòæ òÝØáÚñ çÝïáòä åáÛÝï òÝÙäñæÜ òðÝñïò  òÝãðêæ

ÙßÝð  ,ðÝÛáñ ïìéÜ òÝäÙÚæÙ åáðÝñïÜ åááñêæ åáîÝäáØ- ÛÝÛáï òÝáãÝÙáéÝ ,åáèÝòè ÛÝÙáê òááÜñÜ ,àðé
ðÝñïÜ åááñêæ åáàïìéØ äê ñÚÛ åññ ÛÝéá éðÝï ÝèáÜ éðÝïÜ .ßÝèêìÝ ,òÝØáÚñ çÝïáòä åáÛÝï çãòÙ åá

.åáÛÝï áêÝîáÙ äñ áòÝðÙòéÜ ßÝòáèÝ 
 

Learning outcomes:  

The objective of the course is to provide the fundamentals upon which modern coded 

communication systems are built. Communication systems that use error-correcting codes are 

designed for good performance under practical constraints of transmission power, bandwidth, 

data-processing delays, and encoding/decoding complexities. The course emphasis is on both 

deep fundamental principles of coding, and practical aspects of coding such as code design and 

probabilistic performance analysis.  

 

:òÝðêÜ 

1( ä ðàéæéÜ ðÝîáï Ùïê-13  çÝÝáã ,ëðÚ áÛÝï äñ áÙáàðàáØ ßÝèêìÙ ðÝñïÜ çÝðßØÜ ØñÝèÜ åîæÝîá òÝêÝÙñ

) "åááÙáàðàáØ ßÝèêì áæòáðÝÚäØÝ ëðÚ áÛÝï" áÝðïÜ ØñÝèÙ ðòÝá åÛïòæ éðÝï çòáèñ049040  .( 

2( ) "òáòðìé òðÝñïòä ØÝÙæ" éðÝïÜ äê046206 Üäß ( òðÝòä ØÝÙæ" éðÝïÜ ÛÝæáäÙ Ûæî ÝØ åÛï òñáðÛ

 ."òðÝñïòÙ ÛÝÛáïÜ 

 

 
òÝðÝïæ: 

1. Lin, S.,  Costello, D.J. Jr.   Error Control Coding: Fundamentals and Applications.  

      2nd ed. Prentice-Hall, 2004. s.n. 2258968. 

2. Roth, R. M. Introduction to Coding Theory. Cambridge Univ. Press, 2006.  s.n. 2274065. 

3. Proakis, J.G., Salehi, M. Digital Communications. 5th ed.McGraw ï Hill, 2008. s.n. 2296798. 
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êÝîïæ åÛï: 
044202 ï  åááØðïØ òÝòÝØ 

 
¶ .òðÝñïòÜ òãðêæ áÙáãðæ çÝáìØÝ òáòðìé òðÝñïòä ØÝÙæ 

¶ .áäæáàìÝØÜ ÜàäßÜÜ ïÝß :(òáÛæáæ ÙðÝ òáÛæáæ Ûß) çæÞÙ òáàðïéáÛ òðÝñïò òãðêæ 

¶ òáìÝé ÜáÚðèØ áäêÙ åáäèÚáé ÚÝîáá 

¶  ÜáîäðÝïÜ àäïæ ,åááäæáàìÝØ åáØäÚÝ çÙä áéÝØÚ ñêðÙ çæÞÙ Üìáîð òðÝñïò òãðêæ òèèéæÜÝ
òæØÝòæÜ 



¶ åááäæáàìÝØ åáäèÚáé òðáßÙÝ ÜØáÚñ òÝðÙòéÜ ,åáêÝîáÙ ÙÝñáß-  ÜðïæÜÝ áðØèáÙÜ ÜðïæÜ
.åáæéßÝ òÝïáÝÛæ òÝØîÝò ,áääãÜ 

¶  ÜÞØì) òáàèðÜÝï Øä òðÝñïòÝ ,ääãã åáêÝÛá Øä åáðàæðì åê òðÝñïò òãðêæàðìÙ (òáØðïØ 

¶ çæááè çÝáðàáðïÝ òáéØäïÜ å"ãæÜ òááêÙ- çÝéðáì 

¶ ðÝò òÝÛÝéá òÝØæÚÝÛä åÝñááÝ åáæéß ,åáêÝîáÙ ÙÝñß :åáðàæðìÝ åááØðïØ åáèòñæä âÝðêñÜ ò
(ÜááÜñÜ âÝðêñ ØæÚÝÛä) òÝáéØäï 

¶ áäèÝáîìÝØ ØñÝè- áèÝéØÝì ðàñæÙ òáðØèáÙ òðÝñïò 
òÝðÝïæ: 

1. McDonough, R.N., Whalen, A.D.   Detection of Signals in Noise. 2nd ed.  

      Academic Press, 1995.  s.n.2175173.  

2. Wozencraft, J.M. Principles of Communication Engineering. Wiley, 1965. s.n.215864. 

3. Van Trees, H.L.   Detection, Estimation, and Modulation Theory.  Part I.  Wiley, 1966. s.n.215593. 

4. Proakis, J.G., Salehi, M.  Digital Communications.  5th ed. McGraw ï Hill, 2008.  

s.n. 2296798 ï 5th ed., 2008.  s.n. 2224766 -  4th ed., 2001. 

5. Helstrom, Carl W.  Statistical Theory of Signal Detection. 2nd ed. Pergamon, 1968.  

      s.n. 2021082. 

6. Gallager, Robert G. Principles of Digital Communication. Cambridge, 2008. s.n. 2293750. 
7. Lapidoth, Amos. A Foundation in Digital Communication. Cambridge, 2009. s.n. 2307960. 
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;åÛï êÝîïæ 
157317 ú òáòðìé òðÝñïòä ØÝÙæ 

  òÝêÝîïæ;åáæÝÛ 
048703 ú Ú"éñòÙ çòáèñ ,ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝè 
049001 ú áòðìé çÝèìáØä òÝáèðÛÝæ òÝïáèãà 

 
 ðÛñæÙ òÝòÝØ ÛÝÙáê äñ òÝáéáéÙ çáèÙ áèÙØÙÝ òÝáèðÛÝæ áòðìé ðÝÛáñ òÝïáèãà çÝÝÚæÙ äìàæ éðÝïÜ

 .áòðìé êÛáæ äñ Üäáêá ÜðÙêÜ âðÝîä àäïæÙÝ 

  ðÝÛáñ :åáØñÝèPAM éì-éìÝ éáéÙ-èáÙ ÜêðìÜ äÝàáÙä éäÝì òðÝî ÙÝîáê) ðÙêæ-,(åØÝòæ çÝèáéÝ òáèæáé 

 ðÝÛáñPAM  ðÝÛáñÝ áäØèÝÚÝòðÝØOFDMéì ðÝÛáñ ,- ðÞÝÙæSPREAD SPECTRUM íÝðê òØÝÝñÜ ,
EQUALIZATION íäØæ ÚÝéæ- éìØZERO-FORCING  òáðêÞæ òêîÝææ òáêÝÙáð ÜØáÚñ ÚÝéæÝ

MMSE òäÚòéæ ÜØÝÝñÜ ,ADAPTIVE EQUALIZATION. 
 

The course addresses a variety of modern digital transmission techniques and basic signal processing 
building blocks in the transmitter and receiver for efficient transfer of digital information. 
Topics: Baseband and Passband PAM transmission (pulse-shaping for inter-symbol-interference 

cancellation and matched filtering), Orthogonal PAM and OFDM transmission, Spread-spectrum 

transmission, Channel equalization of the zero-forcing (ZF) and minimum-mean-square-error (MMSE) 
types, Adaptive equalization. 

 
îÝòòÝØ ;ÜÛáæä 

åááòðÝñïò òÝèÝðïê- ÛÝÙáê òÝïáèãàÝ áèÙæ çãÝ êÛáæ äñ òáÙàáæ ÝØ Üäáêá òáòðìé ÜðÙêÜ ðÝÙê åááèÝáê
 áèÝáß éðÝïÜ .òÝáèðÛÝæ òðÝñïò òÝãðêæ ñÝæáæÝ çãòä éáéÙ åáÝÝÜæ ðñØ àäïæÙÝ ðÛñæÙ áòðìé òÝòÝØ

áñêò ñÝæáæÝ çãòÙ çãÝ ðïßæÙ ïÝéêáñ áæ äãä  òðÝñïò äñ åááòá-  òèÝæò ïìéæ éðÝïÜ- Üèïæ çãÝ äê
Üèãò áñÝæáæ ðÝÙê áòãðêæ êïð çãÝ ÜñáÛßÜ òáòðìé òðÝñïòÜ äñ òáéáìÜ  ÜÙãñÜ òäÝêì äñ òÝèÝðïê-

òðÝñïò òÝãðêæ ðÝÙê òÝòÝØ ÛÝÙáêä Üðæß 
 

Learning products: 
 
Communication-theoretic principles for efficient or optimal transfer of digital information and digital 
signal processing structures and techniques in the transmitter and receiver which provide the basis for 

design and realization of modern communication system. The course is essential to provide overview 

of and insight into the principles of the digital communication physical layer for whoever intends to 
work in the framework of research on advanced signal processing for communication or in the industry 

on transceiver design and software/hardware  implementations. 

 
 

;òÝðÝïæ 



1. Haykin, S.  Communication Systems.  4th ed. Wiley, 2001. s.n. 2216160.  

2. Proakis, J.G., Salehi, M.  Digital Communications.  5th ed. McGraw ï Hill, 2008.  

s.n. 2296798 ï 5th ed., 2008.                             

s.n. 2224766 -  4th ed., 2001. 

3. Schwartz, M., Bennett, W.R., Stein, S. Communication Systems and Techniques. McGraw-Hill, 

1996.  s.n. 2208736; s.n. 214780. 

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

      s.n. 2255010 -  3rd ed., 2004.  s.n. 2176120 ï 2nd ed., 1994. 

5. Tse, D., Viswanath, P. Fundamentals of wireless communication. Cambridge University Press, 

2005. s.n. 2281019 

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

7.   Madhow, U. Fundamentals of digital communication. Cambridge Univ. Press, 2008. s.n.  
      2297401. 
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;åÛï òÝêÝîïæ 

044262 ï Ý áÚÝä çãò- 044101 ï ÝØ ÜèãÝò òÝãðêæä ØÝÙæ 
046262 ï Ý áÚÝä çãò- 234122 ï òÝãðêæ òÝèãòä ØÝÙæ 
234262- Ý áÚÝä çãò- .òÝãðêæ òÝèãòä ØÝÙæ 
êÝîïæ ÜæÝÛ: 
236364 ï ÜäêìÜ òÝãðêæ ÜèÙæ 

 

áÚÝé òÝãðêæ ,ÜäêìÜ ÜÚîÜ ÚñÝæ .òáãðØðááÜ :âáäÜòÜ 

áèÙæ ÜðïÙ ,Üðáîá ,åáèÝòè (ÜáîèáÛðÝØÝï) ,ÜÛæñÜÝ òðÝñïò  åáãáäÜò .GNIHCTIWS TXETNOC äÝÜáè  
çÝðãáÞ çÝÚðØ :áñØð .ñÝæáæÝ äÝìà àäï :òÝïáéìÙ-òÝïáéì ,çÝæáÞ ,àäì äÝÜáè .Üèãò çÝêñ çæÞÙ çÝÚðØ :òæØ 

òÝãðêæ .ñÝæáæÝ àäï :åáîÙï-àäì ,ïéáÛä áèÙæ äÝÜáè .åáãáðÛæ ,åáèÝòè àäï-:àäì ,åáïéáÛ ,åáìÝéæ 

ïáìØ  ,òðÝñïò äÝßòØ òãðêæ äÝÜáèÝ ÜáîðÝÚáìèÝï. 

 

òÝðÝïæ: 
1. Silberschatz, A., Galvin, P.B., Gagne, G.  Operating System Concepts.  7th ed.    

      Wiley, 2005.  

      s.n. 2268680 ï 7th ed., 2005.                               

      s.n. 2247572 - 6th ed., 2003.  

      s.n. 2179932 - 5th ed.,1998.                                

      s.n. 2148315 - 4th ed.,1994.  

2. Tanenbaum, A.S.  Modern Operating Systems.  3rd ed. Prentice-Hall, 2009.  

s.n. 2293896 - 3rd ed., 2009.                                 

s.n. 2229832 - 2nd ed., 2001. 

3. The Design and Implementation of the 4.4BSD Operating Systems. Edited by McKusick, M.K., 

Bostic, K., Quanterman, J.S.  Addison-Wesley, 1996. s.n.2254981. 

4. Bach, M.J. The Design of the UNIX Operating System.  Prentice-Hall, 1986. s.n.2019693. 
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;Ûæî êÝîïæ 
046209- ÜäêìÜ òÝãðêæ ÜèÙæ 

;åáæÝÛ òÝêÝîïæ 
234120- ÜäêìÜ òÝãðêæ 
234123- ÜäêìÜ òÝãðêæ 

 
 òìñÙ ÜäêìÜ òÝãðêæ òÝèÝðïê äñ áæÝñáá äÝÚðòC  äñ òãðêæ òÝØáðï åêUnix. 
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òÝêÝîïæ ;åÛï 
044148 - åáäÚ òÝãðêæÝ òÝÚäÝìæ 

 
áàìñæ ÛÝéá òÝáàèÚæÝðàïäØÙ áÝï .òáñÝæáñ òðÝéæò ðÛòÙ ÜÝÙÚ. òÝãðêæ äÚ-ÝÙ .åáÛÝÜæ áÚñÝæ éèÛìæáØ 

åáèïòÜ .òñðÝ ðÞáæ .åááðÝÞßæ åáèÙæ .åááÙáéì äÚÝðïáæÜ. 
 

;òÝðÝïæ 
1. Collin, R.E. Foundations for Microwave Engineering.  2nd ed. IEEE Press, 2001.  
      s.n. 2268714, s.n.2122625. 

2. Pozar, D.M. Microwave Engineering.  3rd ed. Wiley, 2005.  

s.n. 2258561 ï 3rd ed., 2005.                                  
s.n. 2189023 ï 2nd ed., 1998. 

3. Harrington, R.F. Time ï Harmonic Electromagnetic Fields.  IEEE, 2001.  

      s.n. 2254992; s.n. 212204-1961. 

4. Collin, Robert E. Field Theory of Guided Waves. 2nd ed. IEEE Press, 1991.s.n.2100691. 

5. Schachter. L. Microwave Lecture Notes. Technion, 2009. 

http://webee.technion.ac.il/people/schachter/Teaching/microwaves-locked.p 
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 ;åÛï êÝîïæ 

044124 Ý òáäïáÞáì ÜïáèÝðàïäØ-044127 Ý Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá-114073  Üïáéáì3'ß 

ÝØ 
044125 'æ Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá Ý-114073  Üïáéáì3'ß 

 ÝØ 
044127 Ý Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá-115203  òáàèÝÝï Üïáéáì1  

ÝØ 
044125 'æ Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá Ý-115203  òáàèÝÝï Üïáéáì1 

;ÜæÝÛ êÝîïæ 
046224- .æ"äæ áèïòÜ òÝÛÝéá 

 
 åÝàØ äÛÝæÝ ÛÛÝÙæ /æ"äæ/òãòæ ÚÝÝáé.åáÚáéä çæáæÜ 

.ÜðÝàðìæàÙ òÝäòã äïñæ áÝÝáñÙ çêàæ áØñÝè ÞÝãáð 
.òÝÛßØòÜ áãáäÜò 

.òÝáäðàááè áÞØÝÝïÝ òÝìáîðÜ òØÝÝñæ 
.áæðì òæð áÞØÝÝï 

 òæÝîPN .Üîáðì áèÝèÚèæ ,ÜáîðèÚÝ òÝÛßØòÜ áæðÞ 
òãòæ òæÝî- .ßòææÙÝ äïñæ áÝÝáñÙ æ"äæ 

.çæÞ òÝáÝäò òÝêìÝò 
Classification into metal  

Semiconductor insulator and the hydrogen atom model for dopants. 

Charge carrier concentration as function of temperature under equilibrium. 

Recombination reprocesses. 

The continuity equation and quasi-neutrality . 

Quasi fermi levels. 

PN  junction 

Generation recombination currents, and breakdown mechanisms. 

Metal semiconductor junction under equilibrium and under bias. 

Transient phenomena. 
ÜÛáæä òÝØîÝò 

 äñ ÜäÝêì áìÝØ äê åáêáìñæÝ Üîßæä åáãáäÝæÙ åáñßðòæÜ åááäïáéáìÜ åáãáäÜòÜ äñ òáèÝðïê ÜèÙÜ
.æ"äæ áèïòÜ 

.æ"äæ áèïòÜ äñ ÜáîäÝæáéÝ ÙÝñáß òÝäÝãá òÝðñìØæñ òÝßèÜÜ åê òÝðãÜ 



.æ"äæ áèïòÜ äñ òÝáéáéÙ òÝáäæñß ÜÛáÛæ òÝØîÝò äñ ßÝòáèÝ ÜèÙÜ òäÝãá 
 

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. 

  



;òÝðÝïæ 
1. Pierret, R.E.  Advanced Semiconductor Fundamentals.  2nd ed. Prentice-Hall, 2003.  

      s.n. 2248908 - 2nd ed., 2003.                               

      s.n. 2067323 ï 1st ed., 1987.  
2. Streetman, B.G., Banerjee, S.   Solid State Electronic Devices.  6th ed. Prentice-Hall, 2006.         

      s.n. 2274392 - 6th ed., 2006.                                

      s.n. 2216624 - 5th ed., 2000. 
3. McKelvey, J.P.   Solid State and Semiconductor Physics.  Krieger, 1984. s.n. 213434, s.n. 

2001625. 

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

2229416. 
5. Smith, R.A.   Semiconductors.  2nd ed. Cambridge Univ. Press, 1978.  s.n. 227995.  

6. Sze, S.M.  Physics of Semiconductor Devices.  3rd ed. Wiley, 2007.  

      s.n. 2284483 ï 3rd ed., 2007.                                 
      s.n. 205744 ï 2nd ed., 1981. 

      2279420 
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;åÛï òÝñáðÛ 
 

046225 ú Üîßæä åáãáäÝæ áèïòÜ äñ åááäïáéáì òÝèÝðïê 
  

 òáðÙêÙ éÝÙäáé 
 

åáèÝñ åáèïòÜÙ ÝÙ ñæáñÜÝ ,åáÙðÝêæ åáòæî äñ ÜäÝêìÜ çÝðïê ú  ïìéÜä åáðÝàéáÞèðà ,åáðáÜæ åáðÝàéáÞèðà

åáðÝàéáÞèðà ,áðäÝìáÙ ðÝàéáÞèðà äñ ÜäÝêìÜ òÝèÝðïê äê ÜðÞß .åáðÞááäÝ ,ÜÝÙÚ  .ÙðÝêæ òæÝî áäêÙ åááðäÝìáÙ 

 áðÝàéáÞèðà ïìéÜ åáÝÝñãê .çÝïáäáé áééÝÙæImpact ionization  . åáñÛß Üîßæä åáãáäÝæú  ÛáÙðï çÝïáäáé

.åÝäÜáÝ çÝðãÞ áèïòÜ  áééÝÙæ åèáØñ åáñÛßCMOS  ..åáèïòÜ òááîäÝæáéÙ ñÝæáñ 

 
 ;ÜÛáæä òÝØîÝò 

 
 ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê 

 
1. áÝ ðáãá àèÛÝàéÜ åèáØñ åááèÝðàïäØ åáèïòÜ äñ ÜäÝêìÜ çÝðïê òØ çáÙCMOS  ñÝæáñÙ åáØîæèÝ

 ßÝòáìÙ ÝØ 

2. á àèÛÝàéÜ ÛæäñæòñÜä åáèïòÜ òááîäÝæáé òèãÝòÙ 

3. á àèÛÝàéÜ ðáã ßòèä êÛáÝ.ÝäØ åáèïòÜä òÝáàèÝÝäðÜ òÝáäïéáì òÝêìÝò 
ÛÝæáä ðìé 

S.M. Sze and Kwok K. Ng, Physics of Semiconductor Devices, Willey, (2006). 

 

òáäÚèØÙ éðÝïÜ åñ   Advanced Electron Devices 

English syllabus:   

 

Heterojunctions and their applications in fast transistors, power 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. New non-CMOS memory 

technologies. Device simulation 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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;åÛï êÝîïæ 
046241-  Üïáèãæ,ÝØ òáàèÝÝï 
115203 ú Üïáéáì òáàèÝÝï 1 
åÚÝ 

044129 ú ,ÝØ ïîÝæ Ùîæ äñ Üïáéáìä ØÝÙæ 
114217 ú .ïîÝæ Ùîæ  äñ Üïáéáì 

 
òÝáèááìÝØ âðÝØ òÝäïé  äÝÜ àïìØ ,ÜãäÝÜ äñ ÜáîÞáàèØÝÝï :åáñÝæáñ) ðØÝØÛèä òðÝò ,åáïîÝæÙ

 ÙÝèÝðÜØ ,áðÙ) òÝáðàæÝØáÚ òÝÞØì ,(áàèØÝÝïÜú áîïØðàèáØ ,åòéáðÜÝ òÝãÙØòÜ áãáäÜò ,(åÜÝÙÝ ò
 çÝðàïäØú ÝÛÜ åáèÝðàïäØÜ ÞÚ ,ÜãäÝÜÙ òÝáîØÝàïäìÝ ÜáîÞáäïÝä ,çÝðàïäØú  òÝáàèÝÝï òÝÛÝïè ,áÛæáæ

.áàèØÝÝï ÙÝñßæ ,ÙæÝäÝï åÝéßæÝ  
 

;òÝðÝïæ 
1. Ferry, D.K., Goodnick, S.M. Transport in Nanostructures. Cambridge Univ. Press,1997.  s.n. 

2204755.  

2. Imry, Y. Introduction to Mesoscopic Physics. 2nd ed., Oxford Univ. Press, 2002.   

      s.n. 2241028 ï 2nd ed., 2002.                               
      s.n. 2183086 ï 1st ed., 1997. 

3.     Datta S.  Electronic Transport in Mesoscopic Systems.  Cambridge Univ. Press,    1995.    s.n. 

2199290. 
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;åÛï òÝêÝîïæ 

044127 ú Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá 
044125 ú 'æ Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá 

 
 òÝêÝîïæ;åáÛÝæî 
044231 ú .åááèÝðàïäØ åáèïòÜ 

 
 áÙäÝñæ ïìéÜ áèïòÜä òÝáîïáäìØ :åáØñÝèCMOS .Üîáðì áèÝèÚèæ .òÙäÝñæ ÜæðÝìàäì äñ ðÝîááÜ åáðÞò ,

 òÛÝáÛ :åòäÝêì òÝèÝðïêÝ åááÙáàïØÝ åááÙáéØì ïìéÜ áÙáãðPIN ,THYRISTOR ïìéÜ ðÝàéáÞèðà ,
 çïòÜ ,áðäÝìáÙ MOS  ,ïìéÜäLDMOS IGBT ,DEMOS .åááéáéÙ ïìéÜ äÝÜáè áäÚêæ .BOOST-BUCK .

 ßÝòáìä òÝìÝäßÝ åáäÝïáñ :åáÙäÝñæ ïìéÜ äÝÜáè áäÚêæSOC  çÝèãò òæÝêä BOARD  .åáÛáÛÙ åáÙáãðä
LDMOS   ÙäÝñæCMOS  òæÝïê çÝïáäáéÜ äÝÙÚRDSON-BV òÝòæî ,Üòîáðì òÝèÝðïêÝ- ,äêRESURF ,
 òÝãðêæPOWER-RF  òÝÙäÝñæCMOSÝ äñã áèÝèÚèæ .SOA Üäáêè åáñêð âÝãáé .LATCHUP Ý- ESD 

.åááäàáÚáÛÝ åááÚÝäèØ åáäÚêæ åê òÝÙäÝñæ ïìéÜ áèïòÜ òÝæðÝìàäìÙ 
 

;òÝðÝïæ 
 

1. Undeland, T.M. Power electronics: converters, application. Wiley,2003.  s.n.22693-2. 

2. Jayant, J.J. Fundamentals of power semiconductor devices. Springer, 2008.  s.n.47313-0 

3. Benda, B & Grant, D.A. Power semiconductor devices: theory and. Wiley, 1998.  s.n.97644-8. 

4. Szu, D.A. Physics of semiconductor devices. Wiley, 1981. S.n. 05661-8. 



5. Lilang, Y.C. Power microelectronics device and process. World Scienttific, 2009. S.n. 279-100-9. 

 
 

 
 

 
 

;åÛï òÝêÝîïæ 
044147 ï  åááèÝðàïäØ ÚÝòáæ áäÚêæ 
236354- .áØ.éØ.äØ.áÝ áäÚêæ çÝèãò 
 

;ÛÝæáäÜ áØñÝè 
Á åáäÝïáñ çÝãáòÙ áäÚêæ VLSI  òáÚÝäÝèãàÙMOS  . 
Á Üãáðê òáðàæÝØáÚ áïÝßÝ çÝãáò ÙNMOS-. 
Á òÝáÚÝäÝÛÝòæ çÝãáòÙ åáäÚêæ ÜïáÚÝä :åáÙäÝñæ çÝãáò ,òáØðïØ  áèÙæ .PLA  
Á áäÚêæ çÝðãáÞ ÙMOS-. 
Á åáäÚêæ åáÙäÝñæ òáÚÝäÝèãàÙ CMOS.. 
Á åáäÚêæ åáÙäÝñæ ÜáÚÝäÝèãàÙ .òáðäÝìáÙ 
Á áäÝïáñ çÝãáò äñ åáäÚêæ åááÚÝäèØ-.åáÙäÝñæ 
Á áðÞê Ùñßæ çÝãáòÙ .VLSI. 
Á áãðêæ åáØò ,åáðêñ åáäÚêæ ,åááàðÛèàé åááÛÝßá. 
Á áèÝÝã òÝßòìòÜ  òéÛèÜÙ .VLSI 
 

;òáäÚèØÙ éÝÙäáé 
 

Integrated Circuits ï Introduction to VLSI (046237) 
This course will provide a solid basis and sufficient knowledge to deal with practical digital circuit of 

VLSI systems in state of the art CMOS technologies. 
Emphasis is on circuit design aspects of VLSI circuits for use in applications such as micro ï 

processors, signal processors memories. For example, circuit architectures, sircuit simulations & 

optimization, design pitfalls, design trade-offs, design robusteness & reliability, process impact, and 
layout. 
Attention is also given to important challenges facing digital circuit designers such as the impact of 

process technology scaling, submicron effects, interconnect, signal integrity, power consumption, 
eiming design complexity and design efficiency. All presented from a practical circuits and system 

design perspective. 
 
The course topics include: 

¶  VLSI Design ï introduction + future prospects. 

¶  Scaling, Modeling & Delay models. 

¶ CMOS Manufcturing process. 

¶ Layout 

¶ Circuit Simulations, process variations' Design Flow 

¶ Combinatinal Circuits Design ï Logic Families 

¶ Dynamic Logic 

¶ Other high speed logic architectures, both static and dynamic 

¶ Optimisation for speed 

¶ Low power Design & Voltage Scaling 

¶ Timing Concepts Synchronous elements and synchronous design. 

¶ Clock & power distribution. 

¶ Semiconductor Memories. 

¶  
 

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

Wesley, 2005. 

      s.n. 2273032 ï 3rd ed., 2005.                              
      s.n. 2151035 ï 2nd ed., 1993.  

2. Rabaey, Y.Digital Integrated Circuits: A Design Perspective. 2nd ed. Prentice-Hall, 2002.  
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ed., 2002.  nd2 ïs.n. 2264129        

ed., 1996. st1 ïs.n. 2207265        
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;åÛï òÝñáðÛ 

044125  ÝØ 'æ Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá044127 Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá 
; äáãæ êÝîïæ 

046233 ÝáÙ ÝèèÙ ÜÛÙêæ-ÜáÚÝäÝèãà 
 

 .åááðäÝïäÝæ åáðæÝß äê åáééÝÙæÜ åááèÝðàïäØ åáÙáãðä ðñïÜÙ áñêæ êÛá òÝèïÜä ÜÛÙêæÜ òðàæ 
 .ðÝàéáÞèðà ÚÝéæ åááðäÝïäÝæ åáèïòÜ äñ ÜäÝêì òÝèÝðïê :äÝäãò ÜÛÙêæÜ 

ðäÝé ØòÝ òáèÝêÙî ðÝØ òàäÝì ÜÛÝáÛ.á 
 
 
 

157352  òáàèÝÝï Üïáèãæ 
 

Ø/ éïÝÙ 2 ,'Ü1'ò 
)3 òÝÛÝïè( 

 
;åÛï òÝêÝîïæ 

114073 - Üïáéáì 3 ß'. 
;åáÛÝæî òÝêÝîïæ 

114016 ú .òáàéáààé.éáìÝ ÜïáæèáÛÝæðòä ØÝÙæ 
;åáäáãæ òÝêÝîïæ 

114203 - òðÝò åáàèÝÝïÜ 1. 
115203 ú  òáàèÝÝï Üïáéáì1 . 

;åáììÝß òÝêÝîïæ 
124408-  òðÝòÜáæáãÙ ÜáæÝñááÝ åáàèÝÝïÜ 

 
 ÜïáæèáÛ ,êèòÝ åÝïæ ,àðÙäáÜ áÙßðæä áàæòæ ØÝÙæ ,çØáèÝàäáæÜÝ çØá'ÚèðÚä ,òáàáäèØÜ ÜïáèãæÜ òÝÛÝéá

 çáìé òãðêæ ,áòáÝÞ êèò ,áèÝæðÜ ðÝàäáîéÝØ ,òáàèØÝÝï1/2 òðÝò ,áæðò äïñæ áÝÝáñ ,çæáæÜ åÝàØ ,
.çæÞÙ ÜáÝäò áòäÙÜ òÝêðìÜÜ 

 
;òÝðÝïæ 

1. Cohen-Tannoudji, C., Diu, B., Laloe, F. Quantum Mechanics. Vol. 1. Wiley, 1977.  s.n.1200. 
2. Sakurai, J. J.Modern Quantum Mechanics. Addisonï Wesley, 1994.  s.n.2141298. 
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ÜèñÜ çòèáá Øä 
 

;åÛï òÝêÝîïæ 

044124 òáäïáéáì ÜïáèÝðàïäØ Ý- 114073   Üïáéáì3Ý ß-104034-òÝðÙòéÜä ØÝÙæ 
;åáÛÝæî òÝêÝîïæ 

046202-   åááØðïØ òÝòÝØ 
;åáæÝÛ òÝêÝîïæ 

 114016 - òáàéáààé ÜïáéáìÝ 'Ýæðòä ØÝÙæ 
 

áæðì ÚÝäáì ;òáéáéÙ òáàéáààé Üïáéáì ;äÝÝéïæ ÚÝäìÝ òáàèáï ÜðÝò ;ØÝÙæ-ÜÞÝÙ ÚÝäáì  ;ïðáÛ-
  ;çááàñèááØ ñêðÝ òáàéãÝàé ÜïáæèáÛ ,òÝáîØÝàïäì ;åáïîÝæÙ ààð ;ÜÞØì áðÙêæÝ òÝáîïØðàèáØ

.ÜáîæðÝìèáØÜ òðÝòä ðñïÜ  ;åáèïòÜÙÝ åáäÚêæÙ 
 

;òÝðÝïæ 
 

1. A. H. Beck, Statistical mechanics, fluctuations and noise, Edward Arnold Pub., 1976. 

2. C. Kittel, Elementary statistical physics, John Wiley & Sons, 1958. 



3. F. Reif, Fundamentals of statistical and thermal physics, McGraw-Hill, 1965. 

4. F. Mandl, Statistical physics, John Wiley & Sons, 1971. 
5. M. Kardar, Staitstical physics of particles, Cambridge University Press, 2007. 

6. R. K. Pathria, Statistical mechanics, Elsevier, second edition, 1996. 
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ÜèñÜ çòèáá Øä 
 
 

;åÛï êÝîïæ 
044140 ï òÝÛñ  
êÝîïæ åÛï ÝØ ;ÛÝæî 
044148 -  åáäÚ òÝãðêæÝ òÝÚäÝìæ. 

 
;ÛÝæáäÜ áØñÝè 

òÝêìÝò åáäÚ .(ÜðÞß) òÝáéáéÙ 
ÙÝðï ÜïáàìÝØÜ :òáðàæÝØáÚÜ   òñáÚKline-Luneburgòàáñ  . åÝñá òÝØæÚÝÛ ,ÙÝòáè  çÝèãòä òÝãðêæ 

òÝáàìÝØ ðÝØòÝ áãáäÜò òÝàñìòÜ ðÝÞìÝ áðÛòÙ ÝáÛð äÚÝðïáæÝ. 
ÜïáàìÝØ òáðàæÝØáÚ ÜáîïðìáÛä )GTD:(  áÚñÝæ ÛÝéá òÝØæÚÝÛÝ åÝñáá. 
ÙÝðï ÜïáàìÝØÜ :òáäïáéáìÜ ðÝØò áðÝàïÝ  .áðäïéÝòÝßèÜ ëÝÜðáï áäááðÝ-ÛäìðæÝé. ðÝØò ÜìáïêÜ òðÞêÙ 

ÜáîáÞÝìðìÝé òáäðàïìé äñ åáäÚ ðìÝÜèÝØðì òìáïê .åááðÝñáæ ÚñÝæ .äèðìÝ òÝØæÚÝÛ .ÜæÝäØÜ .åÝñá 
òÝèÝðïê ÜïáàìÝØ ÜáðÝì ÜáÚÝäèØÝ òðÝòä òÝãðêæÜ òÝáðØèáäÜ: òÝèÝãò ÜáðÝì òÝñÛê äñ  çÝèáé  .òÝïÛ 

,áÙßðæ ÛÝÙê òÝòÝØ áàìÝØ. òÝàáñ òÝØæÚÝÛ .åáàèæÝæ .òÝáÙÝñáß çÝðòì åáàÙáÜ åááØðïØ òðÝòÙ  ;åáäÚÜ
áßèÝæ ÛÝéá. ðÝÞáì åáÚáðéæ. 
 

;òÝðÝïæ 
1. Jones, D.S. Methods in Electromagnetic Wave Propagation. Clarendon Press, 1987.   

      s.n. 2111717 ï 1987                                  

      s.n. 2011763 ï 1979.  
2. Born, M., Wolf, E. Principles of Optics: Electromagnetic Theory of Propagation, Interference and 

Diffraction of Light.  7th ed. Cambridge University Press, 1999.   

      s.n. 2208344 ï 7th ed., 1999.                                 
      s.n. 202062 ï   6th ed., 1980.   

      s.n. 209968 ï   5th ed., 1975. 

3. Goodman, J.W. Introduction of Fourier Optics. 3rd ed. Roberts, 2005.   
s.n. 2274873 ï  3rd ed., 2005.                                

s.n. 2164993 ï 2nd ed., 1996.              

      s.n. 2648 ï 1st ed., 1968.  

4. James, G.L. Geometrical Theory of Diffraction for Electromagnetic Waves.   
      2nd 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, 1989.  s.n. 2076291. 
 
 

15735: ÝðàïäØ òÝãðêæ.òÝáàìÝØ 
 

ðèãñ /á 
 

3 ,'Ü 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

044148 -  åáäÚ òÝãðêæÝ òÝÚäÝìæ ,ÝØ 
114210 - ÜïáàìÝØ 

;åáÛÝæî òÝêÝîïæ 
044339 -  ÜïáàìÝØÝðàïäØ, 

 
 çÝèáéÝ ÜáìðÚÝäÝÜ .ÜááæÛÜÝ òáàìÝØ ÜááðÝì òðæòÜ .òáàèðÜÝï ÜïáàìÝØ äñ òÝãðêæ :áàìÝØ òÝòÝØ ÛÝÙáê

òÝáäàáÚáÛ òÝÙäÝñæ òÝãðêæ .òÝáàèðÜÝïÜ òááðÝØáò .áÙßðæ-  òÝÛáÛæä òÝãðêæÝ òÝàáñ  .òÝáàìÝØ
ðÞááä .ßÝÝà Ûæ .òáìðÚÝäÝÜ ÜáðàæðÝìðàèáØ .ÜáðàæÝðìðàèáØ :òÝáàìÝØ-  .ìÝïéÝðá'Ú 

 
 



 
;òáäÚèØÙ éÝÙäáé 

 
Optical signal processing: coherent  optical fourier transform and imaging. Holografhy and spatial 
filtering optical signal processing theory of coherence. Hybrid optical digital systems. Optical 

measuring methods and systems: interferometry. Holographic interferometry. Range finder. Optical 

gyroscope. 
 

;òÝðÝïæ 
 

1. Shamir, J.   Optical Systems and Processes.  SPIE Press, 1999.  s.n.2203436. 

2. Goodman, J.W. Introduction to Fourier Optics. 3rd ed. Roberts, 2005.   
s.n. 2274873 ï  3rd ed., 2005                               

s.n. 2164993 ï 2nd ed., 1996.                             

.1968ed.,  st1 ïs.n. 2648         
 
 

157361 ÜïáèÝàÝìÙ åááðÝÞßæ åáèÙæÝ òÝáðØáèáä áØ  2 ,'Ü 1 'ò 
)3 (òÝÛÝïè 

 

ÜèñÜ çòèáá Øä 
 

;åÛï òÝñáðÛ  
044339 ú  ÜïáèÝàÝìåáðÞááäÝ 

 

0åÛï òÝêÝîïæÜÜÞ êÝîïæ0òÝÛáæî òÝñáðÛ0ëéÝè áÝãáÞ Øää òÝêÝîïæ  

 
;òáðÙêÙ éÝÙäáé 

 åáãÝÝòÙ åáéäÝì òÝàñìòÜ ,åáÙáéÙ ÜáéðìéáÛ ,ÙáéÙ ÚØðÙ áÚáðéÙÝ åááðÝÞßæ åáèÙæÙ ðÝØ òÝàñìòÜ
ÝàéÝïØ àïìØ ,åááÙáéðìéáÛ-ÝàèÚæÝ áàìÝØ- åáäÚ òÝàñìòÜ ,òáðØèáä Øä ÜïáàìÝØä ØÝÙæ ,áàìÝØ

 òØÝñæ) åáÙáéÙ åáäÚ òÝàñìòÜ ,ðÛò òÝäìãÜÝ åáäÚ ÙÝðê ,åááðØèáä Øä åáãÝÝòÙNLSåáñÝæáñ , ( 
.òáðØèáä Øä ÜïáàìÝØÙ 

 
 ;òÝðÝïæ 

 
1. Yariv, A.  Yeh, P. Photonics: Optical Electronics in Modern Communications.  6th ed.  

      Oxford Univ. Press, 2006.  s.n. 2290538. 

2. Boyd, R.W.  Nonlinear Optics.  3rd  ed. Elsevier/Academic Press, 2008. 

      s.n.2231878 -3rd ed., 2008.    

3.  Agrawal, G.P. Nonlinear Fiber Optics.  4th ed., Academic Press, 2007. 

      s.n. 2289576 ï  4th ed., 2007.                                  
 

 ;ÜÛáæä òÝØîÝò 
:ßÝòáèä åááàæòæ åáäãÝ åááäïáÞáì òÝèÝðïê Ûæäá àèÛÝàéÜ ÜßäîÜÙ éðÝïÜ òæäñÜ åê 

1. Ùáé áÚáðé äñ åÝðàïìéÜ ÙÝñáß .åáðÝÞßæ åáãÝÝòÙ ðÝØ òÝæÝäØ çáÙ ÛÝæáî. 
2. áàìÝØ åáÙáéÙ ÜáéðìéáÛ.ðÝØ áïÞÙÜ òÝàñìòÜ äê ÜòêìñÜÝ åá 

3. äÝÝéïæ òÝØÝÝñæÙ åááðØáèáä Øä åáãÝÝò ÚÝîáá 

4. .ÜÞØìÜ åÝØáò òÝÙáñß .åááðØáèáä Øä åááàìÝØ åáãÝÝòÙ ðÛò òÝðæÜÝ åáäÚ áÙÝðáê 

5.  åáÙáéÙ åáäÚ òÝàñìòÜ òØÝÝñæ) åááàìÝØ (NLS 

6. åáÙáéÙ òáàìÝØ òðÝñïòÙÝ ðÛò òÝðæÜä ÜáæÝñáÝ òáðØáèáä Øä ÜïáàìÝØ 

 
çÝáîÜ ÙãðÜ; 

15% òáÙ áäáÚðò 
85% àïááÝðì ÝØ çßÙæ 
 

òáäÚèØÙ éðÝïÜ åñ                 in photonics  Nonlinearity and periodic structures  
   

 
English syllabus:   



Proropagation of light beams in periodic structure  and in fiber gratings, dispersion in fibers, 

pulse propagation in dispersive media, acousto-optic and magneto-optic effects, intoduction to 

nonlinear optics, wave propagation in nonlinear media, wave mixing and frequency 

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

 

 

 

Learning Outcomes: 
At the end of the course, the student will understand phyical concepts and mathematical 

models  to analyze: 
1. Coupling between optical beams in periodic 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. The importnace of phase 

matching. 
5. Wave propagation in fibers (NLS equation). 

6. Nonlinear optics in applications for frequency conversion and in optical fiber communication. 

 
 
 

157367  ÜèáðïÝ òÝèàèØ 
 

çááàñìØ/Ø 
 

2 ,'Ü1'ò 
)3 (òÝÛÝïè 

;åÛï òÝêÝîïæ 
044148 - åáäÚ òÝãðêæÝ òÝÚäÝìæ 

 çáÙ ðÙêæÜ òØ ÜèàèØÜ òïìéæ ðÝÛáñÙ .òáàÝßäØ ðÝÛáñÝ Üàáäï òãðêæ äãÙ ÙÝñß Ùáãðæ ÜÝÝÜæ ÜèàèØÜ
äáÙÝæ òÝêîæØÙ ðÛñæÜæ ÜèàèØä êáÚæÜ ,ÜáîæðÝìèáØ ØñÝè âðÛÝæ äÚ- òïìéæ ÜàáäïÙ.áÙßðæ äÚä ,åáäÚ
 ðÙêÝæÜ âðÛÝæ äÚä ÜáîæðÝìèáØ ØñÝè áÙßðæ äÚ çáÙ ðÙêæÜ òØ ÜèàèØÜäáÙÝæ òÝêîæØÙ-.àäïæä åáäÚ 

 
;òÝðÝïæ 

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

      s.n. 2266445 -3rd  ed., 2005.                                       

      s.n. 2172913 -2nd ed., 1997.  

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

3. Kraus, R.S., Marhefka, R.J.  Antennas for all Applications.  3rd  ed. McGraw-Hill, 2002.                                       

      s.n. 2245409 - 3rd  ed., 2002.                     
      s.n. 2062883 - 2nd ed., 1988. 

4. Stutzman, W.L., Thiele, G.A. Antenna Theory and Design.  2nd ed., Wiley, 1998.   

       s.n. 2189294 ï 2nd ed., 1998.                                  
       s.n. 2165 ï 1st ed., 1981. 

5.    Collin, R.E. Antennas and Radiowave Propagation.   McGraw-Hill, 1985.    

       s.n.2011548. 

 

157376  ÙÝäáñÙ åáäÚêæÝ òÝðÝàïàáãðØ
 åáðÝàéáðææ 

áïéèáàÝï /ñ 
 

2 'Ü 1'ò 
)3 (òÝÛÝïè 

 
;åÛï òÝñáðÛ  

044252 Ý ÙñßæÜ ÜèÙæÝ òÝáòðìé òÝãðêæ-044137 åááèÝðàïäØ åáäÚêæ 
ÝØ 

044252 Ý ÙñßæÜ ÜèÙæÝ òÝáòðìé òÝãðêæ-044147  ÚÝòáæ áäÚêæåááèÝðàïäØ 
 

éÝÙäáé 
.òÝðÝàïàáãðØÝ òÝãðêæ äê òÝñáÛß òÝáÚÝäÝèãà äñ ÜêìñÜÙ ïéÝê éðÝïÜ 

  åáðÝàéáðææ ÝèÝÛáá éðÝïÜ âäÜæÙ-  åáñáÛß çÝðãáÞ áÙáãð-  ,ÛÛÝÙÜ ÙáãðÜ òæð ääÝã åáÛÙð ääñÙ
áñÜÝ åáðÝàéáðææ áðÝßØæñ ÜáðÝØòÜ.åáìáÛè Øä òÝèÝðãÞã åáðÝàéáðææÙ ñÝæ 

  åáèÝðáÝè òÝòñð ,åááÚÝä åáäÚêæ çÝÚã åááÛÝßáá åáæÝñááÙ åáðÝàéáðææÙ åáñÝæáñÜ ÝðØÝòá çã Ýæã
 ääÝã ,åáÙñßæ òðÝàïàáãðØ äê åáðÝàéáðææÙ ñÝæáñ äñ òÝãäñÜÜ ÝðïéááÝ åááÚÝäèØ åáäÚêæÝ

çÝì òèÝãæ çèáØñ òÝèÝãæÙ òÝðÝàïàáãðØ-áá ëéÝèÙ çæáÝè åáðÝàéáðææÙ ñÝæáñ äñ òÝáÝêæñæÜ ÝÛæä
.ÜßàÙØÝ ÛÝÛáïÜ òðÝò çÝÚã åáèÝÝÚæ åáæÝßòÙ 



 
 

 ;òÝðÝïæ 
.òìàÝñÜ òÝðìéÜæ åáðæØæ 

 
 ;ÜÛáæä òÝØîÝò 

 

 1.òãðêæ äê ÜáÚÝäÝèãà äñ ÜêìñÜÜ ßÝòáè òäÝãá . 
 2.åáèÝñ åáäÛÝæ ßòìä òáñêæ òäÝãáÝ ÜñêæÙÝ ÜáðÝØòÙ åáðÝàéáðææÜ òäÝêì òèÙÜ . 
 3.ðÝàéáðææÙ åáÙäÝñæÜ åáäÚêæ çÝèãòä åááñêæ åáäã . 
 4.åáÙñßæÙ åáðÝàéáðææ ÙÝäáñ äñ òÝáèÝàïàáãðØÜ òÝáÝêæñæÜ åê òÝðãÜ . 
 5åáæÝßòÙ ðïßæÜ áØñÝè çÝÝÚæ åê òÝðãÜ . 
 

çÝáîÜ ÙãðÜ; 
.ÜèáßÙä ëáäßòã ðæÚ àïááÝðìä òÝðñìØ .ÜèáßÙÝ ÜòáãÙ ðæØæ òÚîÜ ,òáÙ áäáÚðò äê ééÙòá çÝáîÜ 

 

 

åñ  òáäÚèØÙ éðÝïÜ  

Advanced Circuits and Architectures with Memristors 

English Syllabus 

:òáäÚèØÙ  éÝÙäáé 
THE COURSE DEALS WITH THE INFLUENCE OF NOVEL TECHNOLOGIES ON SYSTEMS AND 

ARCHITECTURES THE COURSE COVERS DIFFERENT TOPICS RELATED TO MEMRISTORS 

INCLUDING DEVICE PHYSICS, THEORY AND MODELING. 

 MEMRISTIVE NON VOLATILE MEMORY IS COVERED, INCLUDING CIRCUIT DESIGN AND 

CODING THEORY. 

 ADDITIONALLY, THE USE OF MEMRISTORS FOR DIFFERENT APPLICATIONS SUCH AS LOGIC 

AND ANALOG CIRCUITS, SECURITY, AND NEUROMORPHIC COMPUTING IS COVERED. 
 THE IMPLICATIONS OF THESE APPLICATIONS ON COMPUTER ARCHITURES ARE DISCUSSED, 

INCLUDING FOR NON-VON NEUMANN MECHINES 

 Learning Outcome 

 

 1. UNDERSTANDING THE IMLICATIONS OF TECHNOLOGY ON DIFFERENT SYSTEMS. 

 2. UNDERSTANDING THD BEHAVIOR OF MEMRISTORS AND PRACTICAL DEVELOPING SKILLS 

FOR DEVICE MODELS. 

 3. PRACTICAL KNOWLEDGE IN CIRCUIT DESIGN WITH MEMRISTORS. 

 4. UNDERSTANDING THE IMPLICATIONS OF MEMRISTORS ON COMPUTER ARCHITECTURE. 

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

 

Tentative Syllabus 

1 Background and theory 

2 Device theory 

3 Device modeling 

4 Device physics and fabrication 

5 Memory 
6 Memory 

7 Logic circuit design 

8 Logic in-memory architecture 

9 Memory intensive architectures 

10 Neuromorphic computing 

11 Nonlinear Circuits 

12 Information and coding theory 
13 Security 

 

 



 

 
 
 

157377  )ÜáîäáìæÝï* ðÝÛáÜ òÝàáñ 
 

Ø /éïÞ 2 ,'Ü1'ò 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

234118 ï ÙñßæÜ òÝèãòÝ çÝÚðØ 
;ëéÝè áÝãáÞ Øää òÝêÝîïæ 

236360 ú ÜáîäáìæÝïÜ òðÝò 
 
 

;òáðÙêÙ éÝÙäáé 
Ýìñò ÜèÙæ ,ïÝÛïÛÝ òÝàáñ ,ðÛÜæ òÝáéáéÙ åÝÚðò  .Üéáðìä çÝÝãæ äê òäÙà .ðáÙßò áÛá çÝÚðØ .åáäæé 

çæÞÙ  .Üîáð òðáîá òáæÝïæ ÜáîÞáæáàìÝØ .ÛÝï òáäÙÝäÚÝ. 
English syllabus: 

Language and grammar. The structure of a compiler. Basic parsing technique. Syntax directed 

translation. Symbol tables. Runtime and global code optimization. 
 

; ÜÛáæä òÝØîÝò 
 

 åáÙäñÜ äê ,ëé òÝìñÙ òÝäÝïñ òÝáèãòä òÝèãò òÝìñÙ òÝÙÝòãÜ òÝáèãò åáæÚðòæ åáðÛÜæ Ûîáã Ûæää
æ äñ äáêá äÝîáèä ÜáîÞáæáàìÝØ òÝàáñ ,åáðÚòØÜ ,åáèÝñÜ.åáäãÙ ñÝæáñÝ ,åáÛÙê 

 òááÝæÛ ÜìñÙ òÝÙÝòã òÝáèÝãò åÚðòæÜ ðÛÜæ òÝèÙä åáäÚÝéæ ÝáÜá åáàèÛÝàéÜ ÜÛáæäÜæ ÜØîÝòãC  åê
 òÝáèãòÜ òØ íáðÜäÝ ,ëé òìñ òááÝæÛ åááèáÙ òìñÙ ÜäÝïñ òáèãòä ,ÛÝêÝ òÝáîïèÝìä òÝðáï ,ÜðïÙ áèÙæ

 .éðÝïÜæ áäðÚàèáØ ïäßã áÛÝêá ðÝàäÝæáé òðÞêÙ òÝäÙïòæÜ 
Result of Learning:  

 
To teach how compilers translate programs written in programming languages into equivalent 

programs written in assembly. Including the different stages, challenges, optimization methods for 
efficient use of processors, the use of tools. 
As a learning outcome students will be able to build a compiler that translates from C-like languages 

with control-flow statements, function calls and more, into equivalent programs of assembly-like or 

intermediate languages, run the compiled programs using a designated simulator, as an integral part of 
the course 

;òÝðÝïæ 
Aho, A.V., Sethi, R., Ullman, J.D.  Compilers: Principles, Techniques, and Tolls. 2nd ed. Addison ï 

Wesley, 2007.   

s.n. 2293305 -  2nd ed., 2007.                                           
.ed., 1986 st1 ïs.n. 2003115  

 
 
 

157378  åáÙñßæ ÜèÙæ 
 

áØÙÚ/ì 2 ,'Ü1'ò 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

044262 -   åáÙñßæä ØÝÙæÝ áÚÝä çãò 
;ÛÝæî êÝîïæ 

104034  -  'ß òÝðÙòéÜä ØÝÙæ 
094411  /094412  -  'æ òÝðÙòéÜ 

 
 ,áäØÝàðáÝ çÝðãáÞ ,áãððáÜ çÝðãáÞ .åáêÝîáÙ òÛáÛæä òÝàáñ ,òÝðÝàïàáãðØ çáÙä åèáÙ ðñïÜÝ åáêÝîáÙ áÛÛæ

 ,ðÝèáî :òÝáèãÝò êÝîáÙ äÝÙïáæä ÛÙêæÜ òðïÙÝ çÝÚðØ .áñØðÜ çÝðãáÞÜ çÝÚðØOut of order execution áÝÞáß ,
ÜèãÝòÙ ðÝèáîÝ òÝØäÝä òéáðì ,òÝÛÝïì äñ áÙáàäÝïìé êÝîáÙÝ òÝîáìï ,Superscalar ,VLIW ,Multi -

threadingòÝïáéìÝ òðÝñïò ,çÝéßáØÜ òãðêæ :àäì/àäï .òÝÙáä áÝÙáð ,ÜðæÝß ðìòÜ .- .ÜäêìÜ òãðêæ 
 

Performance measures and their effect on architecture, performance measurement, hierarchical 

memory, virtual memory, memory organization. Processor organization and control for parallel 

execution: pipelining, Out Of Order execution, branch prediction and speculative execution, loop 



unrolling and software pipelining, superscalar, VLIW, multi- threading, multi- core, Input/Output: 

storage and communication subsystems, interrupts. The software  - OS boundary.    
 

;òÝðÝïæ 
Hennessy, J.L., Patterson, D.A. Computer Architecture: A Quantitative Approach. 4th ed., Morgan 

Kaufmann, 2006.                      
 s.n. 2285679 - 4th ed., 2006.                                        

 ed., 2003. rd3 ïs.n. 2243749   
 
 
 

 

157379 
 

Ùñßæ áÛÙêæ òéÛèÜ  2  Ü1ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

;åÛï òÝêÝîïæ 

 
046267 -  åáÙñßæ ÜèÙæ 
 ÝØ234267 (é"ææ) 

 
 

éðÝïÙ ÝÛæäáá òÝàáñ çÝèãò ñÝæáæÝ åáÛÙêæ .éðÝïÜ  ñáÚÛæÜñáÚ òáÙáàïÝðàéèÝï çÝèãòä ÜðæÝß ,
ÝãäÜæÙÝ ÝÛæäáá òÝðÝî çÝèãò ÜðæÝß çÝÚã òÝáîïØéèðà òÝáæÝàØ ðÙêæÝ åáÙîæ éðÝïÙ .ÜðæÝß áäÝÛÝæÙ 

åáàèÛÝàéÜ ÝÛæäá ÜèÙæ ñÝæáæÝ áÙáãð åáÛÙêæ  çÝÚãALU  Ýðïáæ ,ðèÝîæ- ÚÝéæ òÝðÝàïàáãðØin-order ,

) çÝæàæ òÝèÝðãáÞblocking vs. non-blocking(  áèÝèÚèæÝbranch predictionâäÜæÙ . éðÝïÜ çòèáá ñÚÛ Ùð 
äê ÜÛÝÙê òáñêæ ,äêÝ åáÛáæäòÜ ÝäàÝá ðìéæ åáäáÚðò åáÙÝàð åÜÙ Ýñææá áïäß ÛÙêæ ,Ýæã åÚ àïáÝðì 

åÝáé .äê òèæ åáÛáæäòÜñ Ýñææá áèÝèÚèæ ÜðæÝß çìÝØÙ ðáÜæ ,éðÝïÜ Ûæäá òØ òìñ Bluespec ØáÜñ 

Üìñ òáäáê ñÝæáæä ÜðæÝß.  

òÝðÝïæ 
 

WƻƘƴ [Φ IŜƴƴŜǎǎȅΣ 5ŀǾƛŘ !Φ tŀǘǘŜǊǎƻƴΣ ά/ƻƳǇǳǘŜǊ !ǊŎƘƛǘŜŎǘǳǊŜΥ ! vǳŀƴǘƛǘŀǘƛǾŜ !ǇǇǊƻŀŎƘέΦ 
Elsevier, 2012.  
wƛǎƘƛȅǳǊ {Φ bƛƪƘƛƭ ŀƴŘ YŀǘƘȅ /ȊŜŎƪΣ ά.{± ōȅ 9ȄŀƳǇƭŜέΣ .ƭǳŜǎǇŜŎ LƴŎΦ нлмлΦ  
 

 

òÝØîÝò ÜÛáæä: 

åáàèÛÝàéÜ Ýìñßáá åáÛÛîä åááñêæÜ ñÝæáæÙ åáÛÙêæ åáàïìéØäÝ åááñÝæáæ åáêáìñæÜ äê áêÝîáÙ 
ÛÙêæÜ .òÝêîæØÙ éðÝïÜ ,åáàèÛÝàéÜ ÝÛæäá Ûîáã åÚðòä òØ åáØñÝèÜ åáÛæäèÜ áðìéÙ ÛÝæáäÜ 

åááéØäïÜ åáÙáãðä åáÛÙÝê ê"á ÛÝæáä òÝïáèãà ñÝæáæ òÝéèòÜÝ çÜÙ .Ýæã çã ,åáàèÛÝàéÜ ÝÛæäá òØ 

òìñ Bluespec System Verilog òãááñÜ ðÝÛä ñÛß äñ òÝìñ çÝèãò ÜðæÝß. 

.ðîï çßÙæÝ åÝáé àïáÝðì ,òáÙ áäáÚðò áèÝáî áì äê êÙïáá çÝáîÜ 

 

 :òáäÚèØÙ éðÝïÜ åñConstructive Computer Architecture 
 
 

Syllabus  

This course teaches practical aspects of microprocessor design methodologies and 

implementation. Topics include design methodologies such as guarded atomic transactions 

and intra-module state transfers. In addition, the course teaches combinational and pipelined 

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 high-level HDL for implementing and synthesizing 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 components. In addition, the 

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

languages (HDLs) by learning the Bluespec System Verilog. 

The course grade will include the grades for the home assignments, a final project and a short 

exam. 

 
157382 åáæîê ÜßèÝæ çãòÝ òÝèãò 

 
á /Üñæ 2 'Ü 

)2 (òÝÛÝïè 
 

;åÛï êÝîïæ 
044101 ú ÝØ Üèãò òÝãðêæä ØÝÙæ; 
234122 ú òÝãðêæ òÝèãòä ØÝÙæ; 

044263 ú ÝØ åáæòáðÝÚäØÝ åáèÝòè áèÙæä ØÝÙæ; 
234218 ú  åáèÝòè áèÙæ 

;ÜæÝÛ êÝîïæ 
236703 ú åáæîê ÜßèÝæ òÝèãò 

 
;òáðÙêÙ éÝÙäáé 

 éðÝïÜ äñ çÝñØðÜ Ýïäß .ÜèãÝò òÝãðêæ òááèÙä òÝáèðÛÝæ òÝáÚÝäÝÛÝòæÙ ïéÝê éðÝïÜ òÝèÝðïêä ñÛïÝæ
åáæÛïòæ  åáæîê òáßèÝæ ÜñáÚÙ åáÛðìè ÜèãÝò áÙáãð òááèÙäobject oriented) .( éðÝïÜ äñ áèñÜ Ýïäß

 òÝáèãÝò ñÝæáæÙÝ çãòÙ ïéÝêòÝäÝÛÚÝ òÝáèÝèáÙ Ýò òéÛèÜ òÝáÚÝäÝÛÝòæÙ ñÝæáñ âÝò ÜÞ ïäßÙ .ÜèãÚîÝæ  åÚ
çÝáêðÜ äñ design pattern òìñÙ ñÝæáñ Üñêè éðÝïÙ .Java   òìñÙÝUML   äã òØ äÚðòäÝ åáÚÛÜä áÛã

.äáêä ðÝæØÜ 
English syllabus: 
The course deals with modern methodologies for constructing softwaare systems. The first 
part of the course is devoted to issues that arise in building individual program modules and to 
advanced Object Oriented Programming concepts. The second part of the course is concerned 
with how to design and implement medium and large programs using sofware engineering 
design methodologies.in this part, the concept of design patterns is also introduced. The Java 
programming language and the UML language are used in order to exemplify and practice all 
the above. 

 
;ÜÛáæä òÝØîÝò 

åáäÚÝéæ åáàèÛÝàé éðÝïÜ òäáßòÙ: 
 -Ýðîï òÝáèãÝä ÙÝòãäò  

éðÝïÜ åÝáéÙ åáàèÛÝàéÜ: 
- òÝÙãðÝæ ÜèãÝò òÝãðêæ ñææäç çèãòä åáèãÝæ ÝáÜá  
-ßÝòáèÝ çãòä òÝáÚÝäÝÛÝàæ Ýðáãá  
- çãòÜ òìñ òØ ÝðáãáUML  
-çãò òÝáèÙò ðáãÜä ÝÛæäá  
-òÝïáÛÙÝ ÜèãÝò äñ ÜêæòÜ òÝàáñ Ýðáãá  
-òÝÙãðÝæ òÝãðêæ äñ çãòÝ òÝáèãÝò ßòèä åáäÚÝéæ ÝáÜá  
- Ûêòä ÝÛæäáÜèãÝò  
- òÝÝîÙ ÛÝÙêä ÝÛæäá 

Result of learning: 
On entry you shouls 
Be able to write small programs- 
Sets, inductive arguments- 

On exit you should 
Be able to design and implement large software systems- 

-Gain deep familiarity with analysis and design methods 
Gain proficiency in UML and design patterns- 
Understand software development:Process,Problems,Principles- 
Be able to write excellent medium size programs- 
Be able to think rigorously about such programs- 
Know how to test and document software- 



Work effectively as a member of team- 
-Know something about best practice in industry. 
 

 
 

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

Design.   Addison ï Wesley, 2001.  s.n. 2243117.  
2. Design Patterns: Elements of Reusable Object-Oriented Software. Gamma, E. [et al.]. Addison ï 

Wesley, 1995.   s.n.2163845.  

3. Campione, M., Walrath, K., Huml. A. The Java Tutorial: a Short Course on the Basics. 3rd ed., 

Addison ï Wesley, 2001.  s.n.2219314.  
4. The Java Tutorial: A Short Course on the Basics. Zakhour, S. et al. Addison-Wesley, 2006. s.n. 

2298680. 

5. Eckel, B. Thinking in Java.  4th ed. Prentice-Hall, 2006.   
      s.n. 2280290 -  4th ed., 2006                                       

      s.n. 2251540 ï 3rd ed., 2003. 

6. Fowler, M. UML Distilled: A Brief Guide to the Standard Object Modeling Language.  3rd ed., 
Addison ï Wesley, 2004.   

      s.n. 2255632 ï  3rd ed., 2004.                                    

      s.n. 2224963 ï  2nd ed., 2000. 

7. Larman, C. Applying UML and Patterns: An Iintroduction to Object-Oriented Analysis and Design 
and the Unified Process. Prentice-Hall, 2002. s.n. 2247747. 

8. Meyer, B. Object-oriented Software Construction. 2nd ed. Prentice-Hall, 1997.  s.n. 2164088. 

-ed. Addison ndThe Unified Modeling Language Reference Manual. 2mbaugh, J. 9.   Ru 
      Wesley, 2005. s.n. 2287374. 
 
 
 
 

157383 
 

 ;òÝðÞÝÙæ òÝãðêæ òÝèÝðïê 
 

ðÛáï/ê 2 'Ü ,1 'ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 
 

;åÛï êÝîïæ 
044268 ú åáæòáðÝÚäØÝ åáèÝòè áèÙæä ØÝÙæ 
046209 ú ÜäêìÜ òÝãðêæ ÜèÙæ 

 
 òÝèÝðïêÙ çÝÛá êÝîïæÜ .òÝèáæØ äê ñÚÛ åê òÝðÞÝÙæ òÝãðêæ çÝèãòä åáðÝñïÜ åáØñÝèÙ ïÝéêá êÝîïæÜ
 .ðÝêáñÙ åáÛæäèÜ åáØñÝèÜ òØ Ýìïñáñ òÝèãò òÝÛÝÙê åÚ Ýääãáá .ÜÞ ÚÝéæ òÝãðêæ äñ çéáéÙÙ åáÛæÝêÜ

Øä åáäÛÝæÙ Ûïæòá êÝîïæÜúÝèÜ .òÝêÛÝÜ òðÙêÜ äñ åááèÝðãèáé òááêÙ :åÜ ÝÛæäáñ åááðïáêÜ åáØñ
 åÝðÝØÝÝï òÝãðêæ ,òáòîÝÙï òðÝñïò ,åáÙîæ òèÝãæ òðÞêÙ äÝìãñ ,áæÝàØ ðÝÛáñ ,òÝäáìè áØäÚ ,éÝÞèîèÝïÜ

 ëòÝñ" òãðêæÝú "ëòÝñä(peer-to-peer). 
 

;òÝðÝïæ 
1. Distributed Algorithms 

Nancy A. Lynch;  Hardcover ; Morgan Kaufmann. 
2. Distributed Systems (Acm Press Frontier Series) (2nd edition) 

Sape Mullender (Editor) ; Hardcover ; Addison Wesley. 
3. Papers from current literature. 

 
 
 
 
 
 
 
 
 

157384 
 

ðÞÝÙæ áäØèÝáîïèÝì òÝèãò òáÞÚ/ß ðæ 2 ,'Ü1'ò 
)3 (òÝÛÝïè 

 
 



;åÛï òÝêÝîïæ 

044101 ú  Üèãò òÝãðêæä ØÝÙæ 

234122 ú  òÝãðêæ òÝèãòä ØÝÙæ 
;åáÛÝæî òÝêÝîïæ 

046209- ÜäêìÜ òÝãðêæ ÜèÙæ  ÝØ234123- ÜäêìÜ òÝãðêæ 
 

 ÚèäðØ òìñ ,ðÞÝÙæ ÙÝñáßÙ òÝáéáéÙ òÝïáèãàÝ áäØèÝáîïèÝìÜ òÝèãòÜ òÝÛÝéáERLANG-  òÝèãò òìñ
 áäØèÝáîïèÝìÜ òÝèãòÜ òÝèÝðïê .òÝðÞÝÙæ òÝãðêæ òÝãðêæ òÝèãòÙ òáèÙÝæ Üãáæò åê òáäØèÝáîïèÝì

ÜÛæä ÙáñßòÝ-  äÛÝæ .åááæèáÛ åáéÝìáà .äîê âÝðêñ ,ÜáéðÝïð ,òÝáîïèÝìCSP  ßÝòáè .òÝðÞÝÙæ òÝáèãòä
äÛÝæ .ÜèãÝò òÝèÝãè- êÝÙï êÛáæ òðáæñ .ßÝïä òðñPERSISTANTèÙ ÜÛáæê . .äÝìãñ òÝïáèãàÝ òÝäáì

:ðÞÝÙæ òÝèãòä åáìéÝè åáäÛÝæ 
MAP-REDUCE ïñææ ,MPI  åáæÝéßæ åê çÝðãèéÝ òÝêÛÝÜ òðÙêÜäBARRIERS áÙÝñáß ,

STREAMING. 
 

;òÝðÝïæ 
1. J. Armstrong, Programing Erlang: Software for a concurrent world, Pragm 

atic Bookshelf, 2007. 
 
 
 
 
 
 

157385 åáÙñßæ òéÛèÜÙ åáðßÙè åáØñÝè  
 

 2'Ü 
 )2 (òÝÛÝïè 

 
ÜèñÜ çòèá Øä 

 
 ;åÛï òÝêÝîïæ 

046267 ú ÝØ  åáÙñßæ ÜèÙæ 
046209 - ÜäêìÜ òÝãðêæ ÜèÙæ  åÚÝ046210 -  ÝØ ÜäêìÜ òÝãðêæÙ ÜÛÙêæ 
046274 ú åáÙñßæ òéÛèÜÙ åáðßÙè åáØñÝè 

 
åáæÝÛ ÝØ åáÜÞ òÝêÝîïæ ; 

236376 - ÜäêìÜ òÝãðêæ òéÛèÜ 
 

 ÎÌÖƩ) åáîáØæ äñ åÝßòÙ åááðïê ðïßæ áØñÝèÙ ïéÝê éðÝïÜGPUs ðîï ØÝÙæ ðßØä .òÝÙáä áÙÝðæ åáÛÙêæÝ (
 òÝÙäñÝæ òÝãðêæ ñÝæáæÝ çãò äñ òÝáòÝÜæ òÝäØñ äê ÛßÝáæ ñÚÛ åê åÝßòÙ åáÙÝñßÜ åáðæØæÜ ÝðïéÝá

åáîáØæ. 
 

;ÜÛáæä òÝØîÝò 
 òÝèãòä åááñêæ åáäã ÝäÙïá åáàèÛÝàéÜGPUs åòÝØ òÝÙäñæñ òÝãðêæ òáèÙÝ 

 
òÝðÝïæ : 

òÝðìéÜæ åáðæØæ 
 

Students will acquire practical tools to design GPU programs and build computing GPU-accelerated 

systems 

 
 

157386 áðØèáÙ ÛÝï äñ åááæèáÛ ÜáîÞáæáàìÝØÝ åÝÚðò 

 

ðÙÜ /Ú 2  Ü1ò 
)3 (òÝÛÝïè 

 
 

;åÛï òÝêÝîïæ 
 

044262 - áÚÝä çãò 
ÝØ 

234118 - æ"òØ 
 
 



éðÝïÙ ÝÛæäáá  ÙÝñßæÜ åäÝêÙ åáîÝìè ðñØ ,áðØèáÙ ÛÝï äñ åááæèáÛ ÜáîÞáæáàìÝØÝ åÝÚðò äñ òÝèÝðïê
 çÝæàæ äÝÜáè ,áïäß åÝÚðò äÝæ äØ Øäæ åÝÚðò ,áàØàé äÝæ áæèáÛ åÝÚðò :åáääÝã ÝäØ òÝèÝðïê .áèðÛÝæÜ

 äñ áæèáÛ áÝÜáÞ ,áðØèáÙÜ åÝÚðòÜ ÛÝï ßÝòáè ,ÛÝï äê òÝáîæðÝìéèðàÝ åááèáÙ áÚÝîáá ,ÛÝïÙ òÝæß òÝÛÝïè
.áæèáÛ ðÝàáè ,òáæèáÛ ÜáîÞáæáàìÝØ äñ åááðïáê åáÚÝé ,áæèáÛ 

òÝðÝïæ 
 

åááÞãðæ Üðáïé áðæØæ 
1. Ebcioglu, Kemal, Erik Altman, Michael Gschwind, and Sumedh Sathaye. "Dynamic binary translation and 

optimization." Computers, IEEE Transactions on 50, no. 6 (2001): 529-548. 
2.  Ung, David, and Cristina Cifuentes. "Machine-adaptable dynamic binary translation." In ACM SIGPLAN 

Notices, vol. 35, no. 7, pp. 41-51. ACM, 2000. 
3. Nethercote, Nicholas, and Julian Seward. "Valgrind: a framework for heavyweight dynamic binary 

instrumentation." In ACM Sigplan notices, vol. 42, no. 6, pp. 89-100. ACM, 2007. 
4. Gschwind, Michael, et al. "Dynamic and transparent binary translation."Computer 33.3 (2000): 54-59. 
5. Pin manual: https://software.intel.com/sites/landingpage/pintool/docs/71313/Pin/html 

  
òÝØîÝò ÜÛáæä: 

åáàèÛÝàéÜ  ÝäØ òÝàáñ .ÜèãÝò äñ åááæèáÛ ÜáîÞáæáàìÝØÝ ßÝòáèä òÝáèðÛÝæ òÝàáñ ÝÛæäá äãÙ òÝîÝìè
 ÛêÝ ,ÛááèÜ ÙÝñßæÙÝ çèêÙ òÝáäØÝàðáÝ òÝèÝãæÙ òáðØèáÙ ÜèãÝò äñ åÝÚðòæ äßÜ ,ÙÝñßæÜ åäÝê

.áæèáÛ ðÝÛáÜ äê òÝééÝÙæÜ òÝáèðÛÝæ òÝìñÙ òáæèáÛ ÜáîÞáæáàìÝØ 

.çßÙæÝ åÝáé àïáÝðì ,òáÙ áäáÚðò áèÝáî áì äê êÙïáá çÝáîÜ 

 

 :òáäÚèØÙ éðÝïÜ åñDynamic Binary Translation and Optimization 
 

Syllabus  

The course teaches the main principles of dynamic binary translation and optimization, which 

are common in the modern computing world. These include: dynamic vs. static translation, 

full vs. partial translation, the dynamic translation cache and its management, hotspot 

detection, intermediate representations and code transformation, dynamic code analysis, main 

types of binary-level optimization, dynamic profiling. 

 

Learning outcomes: 

The students will learn modern methods for dynamic code analysis and optimization. Such 

methods are common throughout the software world - from dynamic binary translation in 

virtual machines in the cloud and mobile devices, to dynamic optimization in modern, 

dynamically compiled programming languages. 

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

exam. 

 

 
 

 
 

 
 

 
 

 

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


157388 ÜèãÝò äñ òÝèÝãè òßàÙÜ çÜã ðäéïðÛ /Û 
 

2 ,'Ü 1 'ò 
)3 (òÝÛÝïè 

 

ðîÝïæ áðÙê åñ :ÜèãÝò äñ òÝèÝãè 
 

;åÛï òÝñáðÛ  
)044101  ˣ044114  ˣ046002 (ˣ˞ 

 )234124  ˣ234247  ˣ234292ˣ˞ ( 

 )044114  ˣ046002  ˣ234124ˣ˞ ( 

 )046002  ˣ234124  ˣ234292ˣ˞ ( 

 )044101  ˣ044114  ˣ234247ˣ˞ ( 

 )044114  ˣ234124  ˣ234247ˣ˞ ( 

 )044101  ˣ234247  ˣ234292ˣ˞ ( 

)044101  ˣ046002  ˣ234292( 

 
áÝãáÞ Øää òÝêÝîïæ0ÜÜÞ êÝîïæ0åÛï òÝêÝîïæ òÝÛáæî òÝñáðÛ0ëéÝè  

 
 

 Ûê* òáðÙêÙ éÝÙäáé61 )ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 
 òæáðÞ ßÝòáè ,êÛáæ òæáðÞ ßÝòáè ,áààé ßÝòáè :ÜèãÝò äñ ÜÞòèáéÝ ÜèãÝò äñ ßÝòáèÝ òÝæáØÙ òÝàáñ Úáîá éðÝïÜ

 áðòÝì ,åááðæÝè åáæÝßòÝ àñìÝæ ñÝðáì ,òáêÝîáÙ Üïáàèæé ,ÜðïÙSAT/SMT ,ÜèãÝò äñ ÜÞòèáé ,òáäÝÙæáé ÜîðÜ ,
.äÝÛÚ ÛÝï ,òÝáÛÚè òÝØæÚÝÛ òáßèÝæ ÜÞòèáé ,òÝØæÚÝÛ á"ê òÝèãò ,òáòááèæ ÜÞòèáé 

 
 ;òÝðÝïæ 

 .˯ˬ ˡˣˬ˧˪ ˶˲˯1 

  :˶˟˥ˬˢ ˫˷NIELSON, NIELSON, AND HANKIN 

  :˶˲˯ˢ ˫˷PRINCIPLES OF PROGRAM ANALYSIS 

  :˪"ˣˬSPRINGER                                            :ˢ˞˴ˣˢ ˸ˮ˷2005 

 .˳˪ˬˣˬ ˶˲˯ ˣˮ˧ˢ ˶˲˯ˢ 

 

 .˯ˬ ˡˣˬ˧˪ ˶˲˯2 
  :˶˟˥ˬˢ ˫˷NIELSON AND NIELSON 

  :˶˲˯ˢ ˫˷SEMANTICS WITH APPLICATIONS: A FORMAL INTRODUCTION 

  :˪"ˣˬWILEY                                               :ˢ˞˴ˣˢ ˸ˮ˷1992 

 ˣˬ ˶˲˯ ˣˮ˧ˢ ˶˲˯ˢ.˳˪ˬ 
  
 

 ;ÜÛáæä òÝØîÝò 
:˪ˠˣ˯ˬ ˢ˧ˢ˧ ˦ˮˡˣ˦˯ˢ ˯˶ˣ˵ˢ ˫ˣ˧˯˟ 

 1.ˢˮ˩ˣ˸ ˪˷ ˸ˣˮˣ˩ˮ ˸˥˦˟ˢ˪ ˸ˣˮˣ˷ ˸ˣ˦˧˷ ˶˧˟˯ˢ˪ . 

 2.˸ˣ˧˷˰ˬ ˢˮ˩ˣ˸ ˸ˣ˩˶˰ˬ ˶ˣ˟˰ ˣ˪˞ ˸ˣ˦˧˷˟ ˷ˬ˸˷ˢ˪ ˨˧˞ ˭˧˟ˢ˪ . 
 3.˸ˣˮˣ˷ˢ ˸ˣ˦˧˷ˢ ˪˷ ˸ˣ˪˟ˠˬˢˣ ˫˧˧˷˰ˬˢ ˸ˣˮˣ˶˸˧ˢ ˸˞ ˭˧˟ˢ˪ . 

 
çÝáîÜ ÙãðÜ ; òáÙ áðÝêáñ á"ìê êÙïáááìÝé çßÙæÝ 

 

 òáäÚèØÙ éðÝïÜ åñCORRECTNESS GUARANTEES FOR SOFTWARE  

 
English syllabus:  ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 61 Ûê 

THE COURSE WILL COVER METHODS IN VERIFICATION AND PROGRAM ANALYSIS AND CODE 

SYNTHESIS: STATIC ANALYSIS, DATA FLOW ANALYSIS, CONTROL FLOW ANALYSIS, 

OPERATIONAL SEMANTICS, ABSTRACT INTERPRETATION AND NUMERICAL DOMAINS, 

SMT/SAT SOLVERS, SYMBOLIC EXECUTION, PROGRAM SYNTHESIS, ENUMERATIVE SYNTHESIS, 

PROGRAMMING BY EXAMPLE, COUNTEREXAMPLE-GUIDED SYNTHESIS, BIG CODE. 
 
 

Learning Outcomes: 
THE STUDENT WILL BE ABLE TO: 

 1. EXPLAIN DIFFERENT METHODS FOR GUARANTEEING CORRECTNESS OF SOFTWARE. 

 2. UNDERSTAND HOW TO USE THESE METHODS FOR PRACTICAL SOFTWARE SYSTEMS. 

 3.UNDERSTAND THE PRACTICAL ADVANTAGES AND LIMITATIONS OF THE DIFFERENT 

METHODS. 

 



 

 
157389 òÝîØÝæ òÝãðêæÝ åááÙÝñáß åáîáØæ çááàñðÙäáÞ/æ 

 

2  'Ü1 'ò 

)3 (òÝÛÝïè 
 

 ;åÛï òÝêÝîïæ 

046209 -  åÚÝ ÜäêìÜ òÝãðêæ ÜèÙæ046210 -  ÝØ ÜäêìÜ òÝãðêæÙ ÜÛÙêæ 
234123 - ÜäêìÜ òÝãðêæ 
046267 ú ÝØ  åáÙñßæ ÜèÙæ 
236267 - åááòðìé åáÙñßæ ÜèÙæ  

 

;éðÝïÜ ëïáÜ äÝÚðò Üêñ ,ÜØîðÜ åááòêñ 

çÝÚã åááÙÝñáß åáîáØæ áééÝÙæ Ùñßæ òÝãðêæ äñ åááñêæÝ åááèÝáê åáØñÝèÙ ïéÝê éðÝïÜ 
 UPG  áèïòÜ åê åáîáØæ äñ ÜáîïØðàèáØÝ ðÝÙáß ,ÙÝñáß áäÛÝæ ,ÜðæÝß òÝðÝàïàáãðØÙ ÛïæòæÝ 

  òãðêæ òÝßáàÙÙ åáàÙáÜ ,ÜäêìÜ òãðêæÝ òÝáòÝèãò òÝáîïðàéÙØ ,àäì/àäïYTIRUCES 

SMETSYS  
 .åáîáØæ òÝÙäñæÜ òÝãðêæ ñÝæáæÝ çãòÝ 
 

ÜÛáæä òÝØîÝò; 

 1 òÝèãòä åááñêæ åáäã äÙïá àèÛÝàéÜ .SUPG .åáääã åáÙÝñáßä åáîáØæã 
 2.åááÙÝñáß åáîáØæ òÝÙäñæÜ òÝãðêæ ñææäÝ çèãòä êÛá àèÛÝàéÜ . 
 3áîáØæÙ ÜðæÝßÝ ÜèãÝò ÜèÙæ òèÙÜä åáäã .á àäï- .àäì 
 4 ðïß ..åÝßòÙ åáØñÝè 
 

;òáäÚèØÙ  éÝÙäáé 

THE COURSE COVERS CONCEPTUAL AND PRACTICAL ASPECTS PF COMPUTER SYSTEMS WITH 

COMPUTATIONAL ACCELERATORS, LIKE GPUS AND FPGAS The course  WILL COVER HARDWARE 

ARCHITECTURE, PROGRAMMING MODELS, INTERACTION WITH I/O DEVICES, OS AND 

PROGRAMMING ABSTRACTIONS, SYSTEM SECURITY IMPLICATIONS AS WELL AS THE DESIGN 

AND IMPLEMENTATION OF COMPLETE ACCELERATED SYSTEMS. 

LEARNING OUTCOMES:  

 THE STUDENT LEARN TO: 

 1. PRACTICAL GPU PROGRAMMING SKILLS. 

 2. DESIGN AND IMPLEMENTATION OF ACCELERATED SYSTEMS 

 3. SOFTWARE AND HARDWARE DESIGN OF I/O ACCELERATORS, SUCH AS HIGH PERFORMANCE 

NICS AND NVME STORAGE 

4. UNDERSTANDING RESEARCH IN THE FIELD. 

 
òÝðÝïæ 

  .éæ ÛÝæáä ðìé1 
 :ðÙßæÜ åñProcessors DAVID B KIRK PROGRAMMING MASSIVELY PARALLEL  
 :ðìéÜ åñEdition, nd2 Approach  SECOND EDITION A HANDS ON  
  :ä"ÝæWEN MEI W HWU                                      2013: 
 .íäæÝæ ðìé ÝèáÜ ðìéÜ 

 çÝáèãàÜ òáðìéÙ áÝÜáÞ ðìéæ 
 

 
 

15738: íØÝæ áäáÙïæ ÙÝñáß ;éðÝïÜ åñ çááàñðÙäáÞ /æ 
ðÝÛáðØ /á 

 

2 ,'Ü 1 'ò 
)3 (òÝÛÝïè 

 



ðîÝïæ áðÙê åñ :íØÝæ áäáÙïæ ÙÝñáß 
 

;åÛï òÝñáðÛ  
234123  ˣ˞046209  

234267   ˣ˞046267 

 
 

 
 òáðÙêÙ éÝÙäáé 

 ˪˴ˮˬˢ ˧˪˧˟˵ˬ ˸ˣˮ˩˸ ,˱˯ˣˮ˟ .ˢ˶ˬˣ˥ ˧˟˧˩˶ ˭ˣˣˠˬ ˸˶ˤ˰˟ ˧˪˧˟˵ˬ ˡˣ˟˰ ˸ˣ˶˷˲˞ˬ ˸ˣˬˡ˵˸ˬ ˟˷˥ˬ ˸ˣ˩˶˰ˬ

 ˯˶ˣ˵ˢ .ˢˮ˩ˣ˸˪ ˢ˶ˬˣ˥ ˭˧˟ ˶˷˵˟ ˵˯ˣ˰ ˯˶ˣ˵ˢ .ˢ˴ˣ˲ˮ ˢ˧ˠˣ˪ˣˮ˩˦˪ ˨˲ˣˢ ˫˧˶˧ˢˬ ˫˧˰ˣ˴˧˟ ˸ˠ˷ˢ˪ ˣ˪˞ ˫˧˟˧˩˶

˸˟ ˷ˣˬ˷ˣ ˢ˧˴ˤ˧ˬˣ˦˲ˣ˞ ˸ˣ˵˧ˮ˩˦ ,˸ˣˮ˩˸ ˪˷ ˫˧˪ˡˣˬˣ ˢ˶ˬˣ˥ ˧ˮˣˮˠˮˬ ˶ˣ˞˸ ˪˪ˣ˩ ˪˴ˮ˪ ˧ˡ˩ ˸ˣ˧˸ˣˮ˩˸ ˸ˣ˧ˮ˟

 ˢˡ˧ˬ˪ ˸˶ˤ˰˟ ˢ˵˯ˢ˪ ˫˧˴˧˞ˬ ˣˬ˩) ˫˧ˡˣ˰˧ ˢ˶ˬˣ˥ ˧˴˧˞ˬˣ ˸ˣ˧˶ˣ˦˵ˣˣ ˢ˶ˬˣ˥ ˸ˣ˩˶˰ˬ ,ˢ˟˧˪ ˸ˣ˟ˣ˶ˬ ˸ˣ˩˶˰ˬ

 ˸˧˟ ˧˪˧ˠ˶˸ .ˢˮ˩ˣ˸/ˢ˶ˬˣ˥ ˧˰ˣ˴˧˟ ˪˷ ˸ˣ˧˸ˣˬ˩ ˸ˣ˞ˣˣ˷ˢ ˪˰ ˡ˥ˣ˧ˬ ˷ˠˡ ˫˷ ˡˣˬ˧˪ˢ .˫˧˰ˣ˴˧˟ ˸ˠ˷ˢ˪ (ˢ˵ˣˬ˰

˧˸ˣ˰ˬ˷ˬˣ ˟ˣ˷˥ ˵˪˥ ˸ˣˣˢˬ ˧˪˧˟˵ˬ ˸ˣˮ˩˸˟ ˫˧˧˷˰ˬ .˯˶ˣ˵ˢ ˪˷  ˪˪ˣ˩ˢ ˧˰ˣ˟˷ˢ ˯ˬˣ˰ˢ-6 ˸ˣ˰˷ 

 
 

 ;òÝðÝïæ 
 

1. Patterson and Hennessy. Computer Architecture: A Quantitative Approach. Chapters 1, 4, 7. 

Sixth edition, 2019 

2. Jeffers and Reinders. Intel Xeon Phi Processor High Performance Programming. Second 

edition, 2016 

3. Kirk and Hwu. Programming Massively Parallel Processors. Third edition, 2017 
 
 

 ;ÜÛáæä òÝØîÝò 
ˬˢ ˸˞ ˷ˣ˩˶˧ ˯˶ˣ˵ˢ ˶ˠˣ˟  :˸ˣ˞˟ˢ ˸ˣ˧ˣˮˬˣ˧ 

¶  ˟ˣ˷˥ˬ ˸˶ˣ˦˵˦˧˩˶˞ ˫ˣ˥˸˟ ˸ˣˬˠˬˢ ˪˷ ˢˮ˟ˢ ˪˷ ˸˯˯ˣ˟ˬˢ ,˫˧˟˷˥ˬ ˸ˣ˶ˣ˦˵˦˧˩˶˞ ˪˷ ˢ˩˶˰ˢ

˧ˣ˟˧˶ˬ ˪˥ˢ-) ˫˧˧˲˶ˠ ˫˧ˡ˟˰ˬ˟ ˨˶ˡ ,˸ˣ˟˧˪GPU .˫˧˧ˡˣ˰˧ ˢ˶ˬˣ˥ ˧˴˧˞ˬ ˡ˰ˣ ( 

¶  ˸ˣ˧˸ˣˮ˩˸ ˸ˣ˧ˮ˟˸˟ ˷ˣˬ˷ˣ ˢˮ˩ˣ˸˟ ˸ˣ˧˴ˤ˧ˬ˧˦˲ˣ˞ ,˧˪˧˟˵ˬ ˸ˣˮ˩˸˪ ˫˧˪ˡˣˬ˟ ˷ˣˬ˧˷˟ ˢˮ˩ˣ˸ ˥ˣ˸˧˲

 ˸ˠ˷ˢ˪ˢ˶ˬˣ˥ ˪˰ ˫˧˶˧ˢˬ ˫˧˰ˣ˴˧˟ .˧˪˧˟˵ˬ ˟ˣ˷˥˪ 

  
çÝáîÜ ÙãðÜ; 

áìÝé çßÙæÝ )ÜÙÝß* òáÙ áäáÚðò 

 

 òáäÚèØÙ éðÝïÜ åñ 

High performance parallel computing 

English syllabus:   

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

explicit parallel programming to exploit these features for high performance is becoming mainstream. 

This course is about software-hardware interaction. It covers hardware design as well as 

programming models, patterns and software optimization techniques for high-performance with 

multi-core systems, vectorized systems, and recent domain-specific hardware accelerators (e.g. 

acceleration of deep-learning inference). Learning is based on quantitative evaluation of 

hardware/software performance.  The course includes a few significant home assignments in parallel 

programming to practice the learned material. Overall weekly load ς 6 hours. 

 

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


Learning Outcomes: 

 

The student will be able to 

¶ Evaluate computer system architectures through understanding of the trends in computer 

architecture from multi-core, GPUs and latest domain specific accelerators.  

¶ Develop software using different parallel programming models, SW optimization techniques 

and patterns for efficient parallel HW utilization. 
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çááàñðÙäáÞ /æ 
2  + 'Ü1 ò' 
)3 òÝÛÝïè( 

 

ðîÝïæ áðÙê åñðÙááé òßàÙØä ØÝÙæ :  
 

åÛï òÝñáðÛ : 

 ÜäêìÜ òÝãðêæä ØÝÙæ234123/046209.  

 (äáÙïæÙ ðñìØ) åáÙñßæ ÜèÙæ234267/046267 
 

ëéÝè áÝãáÞ Øää: 

 Ùñßæ òÝãðêæÙ ÜèÚÜ236350 

 
 Ûê* òáðÙêÙ éÝÙäáé61 ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ) 

 
 áäã ,åáÛááè åáðáñãæ âðÛ ,åáòðñæ äßÜ ,òÝáèðÛÝæ Ùñßæ òÝãðêæ çãòÙ òáéáéÙ ÜñáðÛ ÜèáÜ ÜßàÙØ

áèïòÜÙ ÜäãÝ ,Ùãð IOT . ìéæ ÜÞ éðÝïï  .Ùñßæ òÝãðêæ äñ ÜßàÙØ ßÝòáèÝ çãòä åááéáéÙ åáäã
 áðàæé ßòìæ ,òÝðÛÚÜ) åááìðÚÝàìáðï åáäã ,(òÝáÝêáÚì ,åáæÝáØ ,òÝáèáÛæ) òÝèÝðïê :åáääÝã åáØñÝèÜ

áìáÛ çÝèÚèæ ,òÝáìðÚÝàìáðï òÝãðêæ ,áðÝÙáîÝ- ,ÜØñðÜ ,(ÜèÝãæÝ åÛØ) òÝæáØ ,(ÙÝÙáÚ òÝáîïèÝì ,çæäÜ
,òÝáæáèÝèØ) òÝáàðì differential privacy,  òßãÝÜ ,çáá'îïÝäÙ) åáïßñæÜ òðÝò åê ÜßàÙØ ,(òòñðæÙ

òÝèáæØ Üîáð òÝÙáÙé) ÜðæÝß òßàÙØ ,(ÜêïñÜ òßãÝÜ ,ÜÛÝÙê ,SGX ,TrustZone ,( òááêÙ
Ü-confinement ,òáÙáàäÝïìé Üîáð ,ßÝã íÝðê ,çÝæàæ çÝæÞò) òÝèÝðòìÝ Ûî áîÝðê òÝìïòÜ ,êÛáæ òæáðÞ ,

rowhammer .( 
 

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

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

2006.  

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

Technologies. Princeton, 2015.  

4. Costan, Victor, and Srinivas Devadas. "Intel SGX Explained." IACR Cryptology ePrint 

Archive 2016.086 (2016): 1-118. 

5. Papers on recent topics 
 

;ÜÛáæä òÝØîÝò  

àèÛÝàéÜ òÝØÙÜ òÝáÝèæÝáæÜ òØ ñÝãðá:  
1. Ýòáèß "ÝáãÝ åááìðÚÝàìáðï åáäã ,òÝæáØ ,òÝáÝêáÚì) òÝÙáàïìéðì çÝÝÚæÙ Ùñßæ òãðêæ äñ ÜßàÙØ (Ù 

2. åáäãÝ òÝáèáÛæ ,åáØòæ åÝáØ äÛÝæ òðáßÙ) òáèÙÝæ ÜðÝîÙ òÝßÝàÙ òÝãðêæ çãò ( 

çÝáîÜ ÙãðÜ;  
¶ 75%  ˭˥˟ˬ 

¶ 25%  ˸˧˟ ˧˪˧ˠ˶˸  

òáäÚèØÙ éðÝïÜ åñ ;Introduction to Cybersecurity  

 

English syllabus:   



Security is a critical element in the design of modern computer systems from servers, to 

mobile devices, vehicles, and IoT. This course will provide the basic tools to reason about, 

develop, and analyze computer systems security. Topics include: principles (security policies, 

threats, vulnerabilities), cryptographic tools (definitions, symmetric-key, public-key, 

cryptosystems, DH key-exchange, hash functions), authentication (human, machine), 

authorization, privacy (anonymity, differential privacy, web), security with game-theory 

(blockchain, proof of work, proof of stake),  secure hardware (Trusted execution 

environments, e.g., SGX and Trustzone), confinement Problem, information flow,  hardware 

side-channel attacks and mitigations (cache timing attacks, power channel attacks, speculative 

execution attacks, Rowhammer).  

 

Sources:  

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

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

2006.  

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

Technologies. Princeton, 2015.  

4. Costan, Victor, and Srinivas Devadas. "Intel SGX Explained." IACR Cryptology ePrint 

Archive 2016.086 (2016): 1-118. 

5. Papers on recent topics 
 

Learning Outcomes: 
The student will be able  

¶ Analyze the security of a computer system with various perspectives (vulnerabilities, 

authentication, cryptographic tools).  

¶ Design secure systems from a principled approach (considering appropriate threat 

models, policies, choosing tools)  

 

Grading:  

¶ 75% exam  

¶ 25% homework  
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ðáØæ/ð 2 ,'Ü1'ò 
)3 (òÝÛÝïè 

 
òÝêÝîïæ ;åáÛÝæî 
044202 -  òÝòÝØ åááØðïØ 

 
;òáðÙêÙ éÝÙäáé 

Øòä òáàæòæÝ òáòãðêæ ÜñáÚ ßÝòáìÙ Ûïæòæ éðÝïÜ-ÙØã Ùîê- ÛÝæáäÜ áØñÝè .òÝáÚÝäÝáÙ òÝãðêæä éÝìáà
Üéáèã òÝãðêæã ßÝòáèÝ åÜáòÝßÝäñÝ Ùîê áØò äñ ÜïáéáìÝáÙä ØÝÙæ ,ÜáÚÝäÝáÙÙ òÝáæèáÛ òÝãðêæ :åÜ-

 ÜèÙæ äê ÛÝéá áÚñÝæ :áÙîêÜ ØòÜ .áéÛèÜÜ çÙÝæÙ ÜØáîá òÝáæáãÜÝ òÝáäæñßÜ ÝáòÝèÝãòÝ ØòÜ åÝðï- 
 òÝéìèáé âðÛ åáØò çáÙ ÛÝæáîÝ åááÙáéì åáÙáéÙ òÝòÝØ òÝàñìòÜ .ØòÜ äñ ÜßÝèæÜ ßòæÝ ÜáéÝìáÛÝðàïäØ

çáï'ÚÛÝÜ äÛÝæ .òÝáæáã- äñ àðÝìæ áàæòæ ßÝòáè åáðñìØæÜ åáàÝñáìÝ ,áäæñß Øò äñ ðÝðáêä áäéïØÜ
áØò òÝÚÜèòÜ-áØðïØ åáàèæäØ .åáððÝêæ ÙîêáØòÙ åá-.Ùîê 

 
 
 

English syllabus: 

 
 

Developing a systems-level Mathematical approach to the single neuron as a prototype of complex 

Biological systems. Main topics: Dynamical systems in Biology, Introduction to the biophysics of 

neurons, axons and dendrites and their analyais as input-output systems in the engineering sense. 

The neuron: basic properties of the membrane and its Chemical and Electrical properties - 

electrodiffusion and the resting potential. The propagation of signals along passive cables and cell 



to cell communication through Chemical synapses. The Hodgkin-Huxley model for cell 

excitbability, and simplified mathematical models allowing a detailed analysis of excitability. 

Stochastic elements in neurons.. 
 

;ÜÛáæä òÝØîÝò 
 

:åáäÚÝéæ ÝáÜá ÜßäîÜÙ éðÝïÜ òØ Ýæáäñáñ åáàèÛÝàé 
¶  ðáÛÚÜäÙîê Øò äñ ÝòÝÚÜèòÜÙ ÛÝéá áÚñÝæ 
¶  áãáäÜòäÝ Ùîê Øò äñ åÝðïÜ ßòæä åáæðÝòÜ åááÞãðæÜ åááéáìÝáÙÜ åáãáäÜòÜ òØ çáÙÜä

çáï'ÚÛÝÜ äñ áàæòæÜ äÛÝæÜ òðÚéæÙ ÝÞ ÜèÙÜ åñááäÝ ,ÝáÝèáñ-áäéïÜ 
¶ åáÛææ áèñÙ òÝáðØèáä Øä òÝáæèáÛ òÝãðêæ ,ïáÝÛæ âØ ,áòÝãáØ çìÝØÙ ßòèä 
¶ áæèáÛ äñ åáäãÙ ñæòñÜäÝÛ åááÙîê åáäÛÝæ ßÝòáèÙ òáðØèáä Øä Üï-ÛßÝ  åááÛææ-åááÛææ 
¶  äñ áäæñßÜ ßòæÜ äê åáêáìñæÜ åááØðïØ åáãáäÜò áàæòæ çìÝØÙ ßòèäÝ áòÝãáØ çìÝØÙ çáÙÜä

 Ùîê Øò 
 

Result of Learning: 

Students who complete the course successfully will be able to: 

¶ Define basic components of the behavior of neuron 

¶ Understand the basic biophysical processes that contribute to the electric potential of the cell 

and its dynamics, and to implement this understanding through the mathematical model of 

Hodgkin-Huxley  

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

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

¶ Understand conceptually and mathematically the elementary random processes that influence 

the membrane potential of 
 

 
;òÝðÝïæ 

1. Koch, C.  Biophysics of Computation: Information Processing in Single Neurons.  

      Oxford Univ. Press, 1999. s.n. 2205816. 
2. Dayan, P., Abbott, L.F.  Theoretical Neuroscience: Computational and Mathematical Modeling of 

Neural Systems.  MIT Press, 2001. s.n. 2244343. 

3. Izhikevich, E. M. Dynamical Systems in Neuroscience: The Geometry of Excitability and 
Bursting. MIT Press, 2007. s.n. 2286471. 

4. Weiss, Thomas Ficher. Cellular Biophysics. MIT Press, 1996. s.n.2170375. 

5. Strogatz, Steven H. Nonlinear Dynamics and Chaos: With Applications to Physics, Biology, 
Chemistry, and Engineering. Addison-Wesley, 1994/ Westview Press, 2000. s.n. 2153149. 
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;åÛï òÝêÝîïæ 

044130 - òÝòÝØ òÝãðêæÝ 
 

; éÝÙäáé 
 òäÝêì çìÝØÝ ÜèÙæ :ÜêáæñÝ ÜáØð òÝãðêæÙ òðÝñïò äñ áÚÝäÝáéáìÜÝ áäïáéáìÜ éáéÙÜ äê ÛÝéá áÚñÝæ
 ßÝòáè .ÜáØðÜ òãðêæÙ òÝòÝØ òðÙêÜÝ ÛÝÙáêä ,ÛÝÛáïä åáñæñæÜ åááÚÝäÝáéáì åáèÝèÚèæ .çÞÝØÜÝ çáêÜ

òáàæÝàÝØ ðÙÚÜ òðïÙ .åááæèáÛ òÝòÝØ äñ áèÝæðÜ ðÛò ÙäÝñæ ÙßðæÙ òÝòÝØ ÚÝîáá .òáòñðÙ- áïÝß .åÝïæ
 ÜáØð) åááÚÝäÝèãà åáàÙáÜÝ òÝèÝæò ÜèÙæ .ÜáØðÜ òãðêæÙ òÝòÝØ ÛÝÙáê äñ åáäÛÝæ .åááéáìÝãáéì ëé

(ÙñßÝææ 
English syllabus: 
Introduction to the physical and physiological bases of visual and auditory communication. Structure 

and function of the eye and the ear. Physiological mechanisms involved in encoding, processing and 



transmitting of sensory signals. Spectral analysis of dynamic signals. Automatic gain control in the 

retina. Image representation in the combined frequency-position space. Psychophysical detection laws. 
Models for signal processing in the visual system. Image structure and technological aspects 

(Computer Vision). 
 
 

;ÜÛáæä òÝØîÝò 
 :ÜáØðÜ òãðêæä áòÝÞßÜ ÜéáèãÜ òÝØ 

V  ÜáðàæÝàÝìú .ÜáØðÜ òãðêæÙ ðÝØÜ òæîÝê òñÝßò äñ åáÙÝñáß êÝîáÙÝ ÜÛáÛæÜ òÝÛáßá òðãÜ 
V  ÜáðàæáðÝäÝïú êÙîÜ Ùßðæ òðãÜCIE1931 XYZ   òãðêæÙ êÙîÜ òñÝßò äñ åáÙÝñáß êÝîáÙÝ

.ÜáØðÜ 
V  áÙßðæ ðÛòú ðÛòä ÜáØðÜ òãðêæ òÝñáÚð òðãÜ .òÝèêÜ ëé áÙÝñáß êÝîáÙÝ áÙßðæ 

:çáêÜ òäÝêìÝ ÜèÙæ 
V  òæØòÜÝ ÜáØð ááÝïáä ,ÜñÛêä åáðÝñïÜ åáÙÝñáß êÝîáÙÝ çáêÜ äñ òáàìÝØÜ òãðêæÜ òðãÜ

.òáòñðÜ äê òðîÝèÜ òÝæÛÜ äÛÝÚÝ òáòñðä ÜêáÚæÜ ðÝØÜ òÝæã ,åááìïñæ 
:ÜáØðÜ òãðêæ òÝèÝãò 

V ÙÝ ÜáØðÜ òãðêæ òØ òÝèááìØæÜ òÝêìÝòÝ òÝèÝãò òðãÜ ,Üàáäï òÝÛñä åáðÝñïÜ åáÙÝñáß êÝîá
.áàæÝàÝØ ðÙÚÜ òðïÙÝ áÙßðæ ðÛòä çáêÜ òÝñáÚð 

:òÝòÝØ ÚÝîáá 
V áÙ éáéÙ ÙÝñáß .òÝòÝØ ÚÝîááÝ åáäèÝÚÝòðÝØ åáéáéÙä åáðÝñïÜ åáàìñæÝ àðÙäáÜ áÙßðæ òðãÜ-

åÝïæ ÙäÝñæÜ ÙßðæÜ òðãÜ .áäæðÝèÝòðÝØ- ÙßðæÙ òÝòÝØ ÚÝîááä ðÝÙØÚ òÝáîïèÝìÙ ñÝæáñÝ ðÛò
æÜ.ÙäÝñ 

:ÜêáæñÜ òãðêæ 
V .äÝïÜ òæîÝê äñ åáÙÝñáß êÝîáÙÝ òÝáòñÝßòÜ ÜÛáÛæÜ òÝÛáßá òðãÜ 
V .ÜáòÝèÝãòÝ ÜòäÝêì çìÝØ ,ÜêáæñÜ òãðêæ òÝÛáßá òðãÜ 
V áàéÝïØ çÝèãòä åáðÝñïÜ åáÙÝñáß êÝîáÙ 

Result of learning: 
 
The visual input: 

V Photometry ï comprehending the units of measurements and calculating the perceived brightness 

of light in the visual system. 

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

V Spatial frequency - comprehending the response of the visual system to spatial frequency and 

calculating the perceived threshold. 
The eye structure and functioning: 

V Comprehending the eye optical system and calculating values concerning the eye lens, visual 

impairment and glasses, retinal illumination and size of objects. 
Visual system characteristics: 

V Comprehending the visual system characteristics and phenomena and calculating values 

concerning AGC, response to spatial frequency and perception fields. 

Signal representation: 
V Comprehending the Hilbert space and propositions concerning orthogonal basis and signal 

representation. Calculating the bi-orthonormal basis. Comprehending the spatial-frequency 

domain and utilizing the Gabor functions to represent signals in this domain. 
Auditory system: 

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

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

 
;òÝðÝïæ 

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

2. Marr, D.  Vision.  Freeman, 1982. s.n.211377.  
3. The Senses.  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 Brain:  The Psychology of Seeing.  5th ed. Oxford Univ. Press, 1998.  s.n. 
2183602. 

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

2232634.  

7. Overington, I.  Computer Vision: A Unified, Biologically ï Inspired Approach.  Elsevier, 1992.  
s.n. 2152900. 
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;åÛï òÝêÝîïæ 

044334 ú  ÝØ àèðàèáØÝ åáÙñßæ òÝòñð236334 Ý åáÙñßæ òÝòñðä ØÝÙæ- 
046267 -  ÝØ åáÙñßæ ÜèÙæ234267 .áòðìé åáÙñßæ ÜèÙæ 

 
ÜØÝÝñÜ ,òñð éáàðã ÜèÙæ ,òÝòñðÙ êïð  äÝìáàÝ ßÝòáèÙ åáÙäñ ,åááÙáàèðàäØ åáàèæäØä òñð ÛÙêæ çáÙ

.ÜæáðÞ òðïÙ åÝñáá ,ÝØáÛáÝ òðÝÙêòÙ äÝìáà ,ÜðÝÙêò äÝÜáè ,òñð áÛÙêæ òÝðÝàïàáãðØ ,êÛáæÜ òäáÙßÙ 
 

;òÝðÝïæ 
1. Giladi, R., Network Processors: Architecture, Programming, and Implementation, Morgan 

Kaufmann (Elsevier), 2008, ISBN 978-0-12-370891-5  
2. Comer, D., Network Systems Design Using Network Processors, Intel IXP Version, 

Prentice Hall, 2004 

3. Lekkas, P., Network Processors: Architectures, Protocols, and Platforms, McGraw-Hill, 

2003 
4. Crowley, P. et al., Network Processor Design: Issues and Practices, Volume 1, Academic 

Press, 2003 

5. Franklin, M., et al., Network Processor Design: Volume 2, Morgan Kaufmann, 2003 
6. Franklin, M., et al., Network Processor Design: Issues and Practices, Vol. 3, Morgan 

Kaufmann, 2005 
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 ;åÛï êÝîïæ 

044148 - åáäÚ òÝãðêæÝ òÝÚäÝìæ. 

;ÜæÝÛ êÝîïæ 
046341- åááàìÝØ åáÙáéä òðÝñïòÙ åáèïòÜ 

 
 ,äÚ âðÝØ áÙÙÝðæ òÝòÝØ ,åáÙáé äñ òÝáðØèáä ØäÝ òÝáðØèáä òÝèÝãò ,åááàìÝØ åáÙáéÙ åáäÚ òÝàñìòÜ

WDM.åááàìÝØ òÝòÝØ äñ áÝäáÚÜ òðÝòæ åáïðì ,ñêðÝ òáàìÝØ ÜðÙÚÜ , 
 

;òÝðÝïæ 
1. Agrawal, G.P. Fiber-Optic Communication Systems. 3rd ed. Wiley, 2002.   

      s.n. 2244782 ï 3rd ed., 2002; s.n. 2270292 - 3rd ed. (e-text); s.n. 2186709 ï 2nd ed., 1997.                            

2. Agrawal, G.P. Nonlinear Fiber Optics.  4th ed. Academic Press, 2007.  
      s.n. 2289576 ï 4th ed., 2007; s.n. 2231878 ï 3rd ed., 2001. 

3. Kazovsky, L.G. Benedetto, S., Willner, A. Optical Fiber Communication Systems.   

      Artech House, 1996. s.n. 2177314 
 
 

157456  òÙñßÝææ ÜïáìðÚ 
 

 2 ,'Ü1'ò 
)3 (òÝÛÝïè 

çòèáá Øä ÜèñÜ 
 

;åÛï òÝêÝîïæ 

044268 -  áèÙæ ÜáîæðÝìèáØ ÝØ, 

234218 -  áèÙæ  ,ÝØ åáèÝòè 

044101 ï .Üèãò òÝãðêæä ØÝÙæ 

;ÜæÝÛ êÝîïæ 

236325 -  ÜïáìðÚ òÙñßÝææ - áêÛæ ÙñßæÜ 

 
åáñÝæáñ äñ ÜïáìðÚ òÙñßÝææ, àäï ÜïáìðÚ ,ÙÝñæÝ òáðàéð ÜáðàæÝØáÚÝ äê  ,òÝæáã ,áàðïéáÛÜ ÚáðñÜ

åáäÛÝæ äñ ÜèÝæò òÙãðÜÝ òÝïòêÜ ,òÝèÝæò ÝÛ-òÝáÛæáæ ÚÝîáá ,òÝáÛæáæ òäòÝ åáæÝïê òðéÜ ,åáðàæÝØáÚ 

áòäÙÜ åáäÛÝæ ,ÜØðè äñ êÙî .ÜääîÜÝ 



 
;òÝðÝïæ 

1. Hearn, D., Baker, M. P. Computer Graphics with OpenGL. 3rd ed. Prentice-Hall, 2004.  

      s.n. 2253852 

2. Computer Graphics: Principles and Practice. Foley, J.D. et al. 2nd ed. in C.  

      Addison-Wesley, 1996.  s.n.2186305. 

3. Shirley, P. Fundamentals of Computer Graphics. 2nd ed. Peters, 2005. 

       s.n. 2282591 ï 2nd ed., 2005;   s.n. 2255013 ï 1st ed.,  2002.                                         

4. OpenGL Programming Guide: The Official Guide to Learning OpenGL, version 2.0. Shreiner, D. [et 

al.]  5th ed. Addison-Wesley, 2006. s.n. 2286991. 

5. Fernando, R., Kilgard, M. J. The Cg Tutorial: The Definitive Guide to Programmable Real-time 

Graphics. Addison-Wesley, 2003. s.n. 2251061. 

 

 

157844  ÜáîæðÝìèáØÜ òðÝò 
 

á /çÝññ 
 /áÚðÙèááàñ 

2  'Ü 
)2 (òÝÛÝïè 

;åÛï  êÝîïæ 
 òØ ÛÝæää íäæÝæ046206 - òðÝñïò  òáòðìé.ÜÞ êÝîïæä äáÙïæÙ ÝØ áèìä , 
;ÜÜÞ êÝîïæ 
048733 ú ÜáîæðÝìèáØÜ òðÝò 

 
:éðÝïÜ òáèãÝò 

¶ áääã ØÝÙæ 

¶ åáîÝðêÝ òÝðÝïæä åáäÙÝïæ åáäÛÝæ 

¶ êÝÙï âðÝØÙ òÝÝê Øää (àêæã) òÝðÝïæ ÛÝÛáï 

¶  ,ÜáìÝðàèØÜòÝáðïáêÜ åÜáòÝèÝãòÝ ,Üä åáÝÝäè ÜáîæðÝìèáØ áÛÛæ 

¶ Üèòñæ âðÝØÙ òÝÝê Øää òÝðÝïæ ÛÝÛáï 

¶ òÝáéÝìáàÜ òÝðÛéÜ òàáñ 

¶ òÝÝáê åê òÝðÝïæ ÛÝÛáï 

¶  ÛÝÛáïíÝðê 

¶ ðÝïæ ÙäÝñæ ÛÝÛáï-ÜÛðìÜÜ àìñæÝ íÝðê 

òÝðÝïæ; 
1. Gallager, R. G. Information Theory and Reliable Communication. Wiley, 1968. s.n.222990. 

2. McEliece, R.J. The Theory of Information and Coding. 2nd ed. Cambridge, 2002.  

s .n. 2245321 ï 2nd ed., 2002;  s.n. 1996 ï 1st ed., 1977. 
3. Cover, T.M., Thomas, J.A. Elements of Information Theory. Wiley, 2006.  

s.n. 2287372 - 2nd ed., 2006.     s.n. 2114535 ï 1st ed., 1991. 

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

 

157854 
 

êáÙßðæ òÝòÝØ ÛÝÙ 
 

çÜã/á 
 

2  ,'Ü1'ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 

 
ðîÝïæ áðÙê åñÛÝÙê : òÝòÝØ áÙßðæ 

 
;åÛï òÝñáðÛ  

044198 ú ØÝÙæ ÛÝÙáêä áòðìé äñ òÝòÝØ  
044202 ú òÝòÝØ åááØðïØ 

 
 Ûê* òáðÙêÙ éÝÙäáé61 )ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 

áãðêæ åáàäÝï ÛÝÙáêÝ áÙßðæ ,òáèÙò òÝæÝäØ ,åáãðêæ åááðØèáä åáÛáßØ ,áÛÛæ Ùáà äñ åáãðêæ .áÙîêæ ÜæÝäØ 
åááäæáàìÝØ  ,MVDR,  GSC , LCMV, Maximum SNR ,áÙîêæ ÜæÝäØ áÙßð àðé .äÝàáÙ ñêð äÚòéæ .òÛðìÜ òÝðÝïæ 
ÜáîðÙðÙðÛÝ äñ òÝòÝØ .çÝãáØ òÝðÝïæ ,âÝðêñ çÝÝáã ÜêÚÜÜ âÝðêñÝ ñðìÜ áèæÞ ÜêÚÜ. 

 



 ;òÝðÝïæ 
 

1. J. Benesty, I. Cohen and J. Chen, Fundamentals of Signal Enhancement and Array 

Signal Processing, Wiley-IEEE Press, 2018. 

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

Modulation Theory, John Wiley & Sons, Inc., 2002. 

3. Papers from the current literature. 

 
 

 ;ÜÛáæä òÝØîÝò 
:äÚÝéæ ÜáÜá àèÛÝàéÜ éðÝïÜ åÝáéÙ 

¶ .åáàäÝï âðêæÙ áÙßðæ çÝèáéä áäØæáàìÝØ ÜæÝäØ Ùîêæ çèãòä 

¶ .åáàäÝï áãðêæÙ åáàäïèÜ òÝòÝØ íäßäÝ ðìñä 

¶ çèéæ çèãòäLCMV  .ÜáîðÙðÙðÛÝ åáñêð òòßìÜä 

¶ .äÚòéæ ñêð äÝàáÙä åòáðÝÚäØ åñááä 

¶ .òÝòÝØ äñ ÜáîðÙðÙðÛÝ òÝðÝïæ òÛðìÜä åòáðÝÚäØ åñááä 

¶  âðêñä ÜêÚÜ çÝÝáãÝÜêÚÜ áèæÞ ñðìÜ .òÝòÝØ äñ 

 

áÙáãðæ çÝáîÜ: 
 åáïðì ÜêÙðØ äÙïá àèÛÝàé äã ,ðàéæéÜ âäÜæÙ .òãðÛÝæ ÜØáðï äñ òèÝãòæÙ çòèáá ÜèñÜ éðÝïÜ

 ðÝòìä ñðÛááÝ ,ÜØáðïä4 .ÛÝæáäÜ ðìéæ åáäáÚðò òÝèÝáäáÚ 

 òáÙ áäáÚðò 100% 

 

òáäÚèØÙ éðÝïÜ åñ    Spatial Signal Processing 

 
English syllabus:  ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 61 Ûê 

 

Arrays and spatial filters, beam patterns, uniform linear arrays, array performance measures. Optimum 

waveform estimation (beamforming), Minimum Variance Distortionless Response (MVDR), Linearly 

Constrained Minimum Variance (LCMV), Generalized Sidelobe Cancellers (GSC), Maximum SNR, 

broadband beamformers. Adaptive noise cancellation. Source separation and signal dereverberation. 

Source localization, direction-of-arrival (DOA) and time-difference-of-arrival (TDOA) estimation. 
 

Learning Outcomes: 

 

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

¶ Design an optimum beamformer for spatial filtering in sensor arrays. 

¶ Enhance and extract signals received by sensor arrays. 

¶ Design an LCMV filter for noise reduction and dereverberation. 

¶ Implement an algorithm for adaptive noise cancellation. 

¶ Implement an algorithm for source separation and signal dereverberation. 

¶ Estimate direction-of-arrival and time-difference-of-arrival. 

 

 



157856 
 

òÝòÝØ äñ áòðìé ÛÝÙáê 
 

 /ÚêÝÙäÚ 
 

2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
êÝîïæòÝ åÛï;  
044198- òÝòÝØ äñ áòðìé ÛÝÙáêä ØÝÙæ 
044202- åááØðïØ òÝòÝØ 

ÜæÝÛ êÝîïæ;   
048745 ú òÝòÝØ äñ áòðìé ÛÝÙáê 

 
åááòðìé åáèèéæÙ (ÜáîÞáàèÝÝï) áìÝé Üäæ âðÝØ òêìñÜ ïìéÜ åÝðàïìé äñ áðàæðì Øä âÝðêñ .ú 

 òÝÙÝðæ òÝãðêæÝ ÜÞØìáäÝì ñÝæáæ ,ÜáîäÝìðàèáØÝ ÜáîæáîÛ òÝãðêæ :åáÙîï ïð ÛÝÙáê .òÝæðÚÝÛÝáðì
ÝÛ åáèèéæ áãðêæ .òÝÚðÛ-  ÜÞáäèØ ðîï çæÞä ÜáðÝì òðæòÜ .åáÛáßØ åáãðêæ ,íê ÜèÙæÙ åáãðêæ ,åááîÝðê

 ÚÝîáá ,ÜÞòèáéÝGabor  ä ØÝÙæ .WaveletsçæÞ òÞáäèØ :-äÝÞð òÙÝðæ ÜÞáäèØ  ,ðÛò.òÝáîÝ 
 

;òáäÚèØÙ éðÝïÜ ØñÝè 
Digital Signal Processing 

 
;òáäÚèØÙ éÝÙäáé 

Effects of finite precision in digital filters. Non parametric estimation of power spectrum ï 

periodograms. Multi ï rate signal processing, decimation, interpolation poly ï phase and 

multi- stage implementations. Dual channel filter banks, tree structured filter banks, uniform 

filter banks. Short Time Fourier Transform, Gabor representation. Introduction to wavelets 

and multi resolution analysis. 
 

òÝðÝïæ: 
1. Mitra, Sanjit K. Digital Signal Processing: a Computer-Based Approach. 3rd ed. McGraw-Hill, 

2006.     

s.n. 2279543 ï 3rd ed., 2006; s.n. 2224858 ï 2nd ed., 2001; s.n. 2206285 ï  1st ed., 1998. 
2. Proakis, J. G., Manolakis, D. G. Digital Signal Processing. 4th ed. Prentice-Hall     

International, 2007.  

s.n. 2280099 ï 4th ed., 2007; s.n. 2169878 ï 3rd ed., 1996; s.n. 2120537 ï 2nd ed., 1992.                                          

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

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

5. Oppenheim, A.V., Schafer,R. W. Discrete-time Signal Processing. Prentice-Hall, 1999. s.n. 

2201420. 

 

òáðÙêÙ ÜÛáæä òÝØîÝò 

ê åÝßòÙ åÛïòæ éðÝï ÝèáÜ éðÝïÜáòðìéÜ òÝØÜ ÛÝÙá:åáØÙÜ åáØñÝèÙ êÛá Üèïæ éðÝïÜ .  

- .ÜáîáÞáàèÝÝï ñêðä äÛÝæÝ ÜáîÞáàèÝÝï 

- .åááòðìé åáèèéæÙ (Üìî ÜÛÝïèÝ ÜêÝÙï ÜÛÝïè) ÙÝñáß òÝØáÚñ 

- .åááòðìé åáèèéæÙ òÝÙáîá òßàÙÜÝ ÜñáäÚ òêáèæ 

-  ïìéÜ åÝðàïìé äñ áðàæðì Øä âÝðêáñú òÝæðÚÝÛÝáðì 

- ,ÜáîäÝìðàèáØÝ ÜáîæáîÛ òÝãðêæ òÝÚðÛ ÜÙÝðæ ñÝæáæ ,ÜÞØìáäÝì ñÝæáæ 

-  åááîÝðê ÝÛ åáèèéæ áãðêæú QMF,CQF,Bilinear   íê ÜèÙæÙ åáèèéæ áãðêæ , 

- .åáÛáßØ åáèèéæ áãðêæ 

-  òðæòÜ .ÜÞáòèáéÝ ÜÞáäèØ , ðîï çæÞä ÜáðÝì òðæòÜGabor . 

 

òáäÚèØÙ ÜÛáæä òÝØîÝò 

The course is an advanced digital signal processing course. The course provides knowledge in the 

following topics:  

- Quantization and noise model 

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

- Overflow prevention and secure filter stability. 

- Non Parametric spectrum estimation ï periodograms. 

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

stage implementations. 



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

- Uniform filter banks 

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

- Wavelet analysis, Multi resolution analysis. 

-                 
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òÙñßÝææ ÜááØðÙ åáæÝñááÝ åáæòáðÝÚäØ çáÝä /ê 
 

2 ,'Ü1'ò 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

046200 ú  òÝèÝæò ßÝòáèÝ ÛÝÙê 
;åáÜÞ òÝêÝîïæ 

236873- òÙñßÝææ ÜááØð 
 

 äñ åááñêæ åáæÝñááÝ ÝäØ òÝáêÙ çÝðòìä åáæØòÝæÜ åáæòáðÝÚäØ ,òÙñßÝææ ÜááØðÙ òÝáéáéÙ òÝáêÙ
 òÝÛÝïèæ ÝæäÝîñ òÝèÝæò òæØòÜ ,òÝèÝæò äñ åáèááìØæ òØáîæ ,òÝèÝæò òðáîá âáäÜò .çÝðòìä òÝñáÚÜ

òäò ðÝÞßñÝ ÜêÝèò ÙÝñáß ,òÝèÝæò äñ ÜáîáÞÝìæÝï ,òÝèÝñ àÙæ- âÝòæ Ûæáæòäò ðÝÞßñ ,ÝØáðàé .ÜêÝèò-
.òÝèÝæò äñ ÜáîàèæÚéÝ ,ÜêÝèò Øää Ûæáæ 

 
;òÝðÝïæ 

1. R. Szeliski, Computer Vision: Algorithms and applications, Springer, 2010. 

 

 

 

157884 ÝðàïäØ Üîßæä åáãáäÝæ áèïòÜ. åááàìÝØ
áÝäáÚä 

áïéÙÝðáæè /á 2'Ü, 1 'ò 
)3 (òÝÛÝïè 

 
;åÛï êÝîïæ 

044127 - áèïòÜ åáãáäÝæ Üîßæä 
 ÝØ044125 ú 'æ Üîßæä åáãáäÝæ áèïòÜ òÝÛÝéá 

 

;ÛÝæáäÜ áØñÝè 
Üèáðï òÝðÝïæ; òèáðï ëÝÚ Üèáðï ,ðÝßñ òáèàèÝìé .òîäÝØæÝ 

ÝðàïäØ åáØäÚ-åááàìÝØ: òêáäÙ åáØäÚ ,Üèáðï ÛÛæ ,Üèáðïä áêÝîáÙä áØäÚ  áØäÚ ,(ñêð òÝØ éßá) Üèáðï
ÝàÝì-ÝàÝì áØäÚ ;âáäÝæ-ÝàÝì :áØàäÝÝ- ÜÛÝáÛ ,ÜÛÝáÛPIN òÝáòÙÝÚò ;ðÝàéáÞèðàÝàÝì ,ñæñ áØò ,

)Responsivity) Üàáäï ëé ,(Detectivity åÝßòäÝ ÜØðèÜ åÝßòä åáØäÚ äñ òÝØæÚÝÛ  .áØäÚ äñ çæÞÙ ÜÙÝÚòÝ (
ØðìèáØÜ-  :åÝÛØSi ,InSb  çãÝ HgCdTeáãðêæ , ÛÝáÛòÝ òæî ÝCCD-. 

:åááæðà åáØäÚ ) åáÛæî áãðêæ ,áæðà ÛæîThermopileÝðáì åáØäÚ ;(-) åááðàäØTGS.( 

:åáØäÚ áãðêæä òÝØ ÛÝÙáê áäÚêæ òÛæîÜ ÙÙðæ áäÚêæÝCCD  áãðêæä åáØäÚ. 

;òÝðÝïæ 
1. Optical and Infrared Detectors. Edited by Keyes, R.J. 2nd ed. Springer, 1980. s.n.203138. 

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

 

 

  



157942 
 

áØÝìð òÝæáÛä ØÝÙæ  êÝÙäÚ/Ú 2 'Ü+1'ðò 
)3 (òÝÛÝïè 

 
;åÛï êÝîïæ 
046200- òÝèÝæò ßÝòáèÝ ÛÝÙáê 

 
 ;éÝÙäáé  ) áØÝìð òÝæáÛÙ òÝáðïáê òÝàáñPETray, MRI, Ultrasound, -CT, X òÝèÝðïêÜ .(

 åáñêðÜ áÚÝé ,Üàáñ äã äñ òÝèÝðéßÜÝ òÝèÝðòáÜ ,êÛáæÜ òñáãðä åáäïáéáìÜ

 òàáñ ,çÝÛØð òðæòÜ ,ÜáìðÚÝæÝàÜ òÝèÝðïê .åááÝìîÜ åáàïìáàðØÜÝFBP ðÝÞßñ ,
 áÝÜáÞ ,ÜáîðàéáÚð  ,ÜáîàèæÚé ,åáñêð áÝïáè :áØÝìð êÛáæ äñ ÜèÝæò ÛÝÙáê .áÙáàðàáØ

Ýææ ÜÞÝèÚØáÛä òÝñáÚ ,åáðÙØ.òÙñß 

 ;òÝðÝïæ  

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

¶ Smith, Nadine Barrie, and Andrew Webb. Introduction to Medical Imaging: Physics, Engineering and 

Clinical Applications. Cambridge University Press, 2010. 

¶ Milan Sonka, Vaclav Hlavac, Roger Boyle , Image processing, analysis, and machine vision, 3rd 

edition. Thomson, 2008. 

 
 

157962  Üîßæä åáãáäÝæ äñ åáðÞááä 
 åáÙäÝñæ åááèÝàÝì åáèïòÜÝ 

 2 ,'Ü1'ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 

;åÛï òÝêÝîïæ 

 )044339 ú  ÜïáàìÝØÝðàïäØ1  ÝØ114210 ú ( ÜïáàìÝØ Ý-  )046241 - Üïáèãæ òáàèÝÝï  ÝØ115203 ú  Üïáéáì

 òáàèÝÝï1 .( 
 

 àðÝìæ äÝìà .ÝáæÝñáÝ ÝáòÝèÝãò ,æ"äæÜ ðÞááä äñ åááðïáê åáÙáãðæ òðáïé .ðÞááä äñ ÜïáÞáìÜ òÝÛÝéá
ØäÝ åááòèáðï åáãáäÜò ,æ"äæ åê åááàèÚæÝðàïäØ òÝÛñ äñ ÜáîïØðàèáØÙ  áèÝèÚèæÝ åááòèáðïÜÜ ðÙÚ

) åááßìè åáðÞááäÙ çÝÛè ÝÞ òðÚéæÙ .ÜïðÞÜ áØèòÙBULK òÝØÝÝñæ òäÙï .åááàèÝÝï åáèÙæ äñ åáðÞááäÝ (
.Ûáæê ÙîæÙ çèÝðòìÝ æ"äæÜ ðÞááä ðÝÙê ÙîïÜ 

 æ"äæÜ ðÞááäÙ åááàìÝØÜ åáèÙæÙ àðÝìæ äÝìàú  ÝÛ åááðàïäØáÛ äÚ áãáäÝæ ,åáÛÝÜæú òãäÝÜ ,åááÛææ
Øðæ ,ðÙÚÜ ðÞááäÜ òÝØÝÝñæ äñ åááæèáÛ òÝèÝðòì .åáèìÝØÜ ÛÝæáî òðÝòÝ òáðÝÞßæ åáÚäÝìæ åáÛÝÜæÝ òÝ

ðÛò òìáßé ,ÜïäÛÜÙ òÝáÜñÜ ,ÜÛÝÜò ,çÝèìØ Ùîï ,äÝÛÚÝ çàï òÝØä,  áðÞááß áèááìØæ òæÚÛÜ .ÛÝêÝ ÜäÙÝò
.åáèÝñ åáÚÝéæ æ"äæ 

 
;òÝðÝïæ 

1. Agrawal, G.P., Dutta, N.K.  Long-Wavelength Semiconductor Lasers.  Van Nostrand Reinhold, 1986.  

s.n. 2097694. 

2. Agrawal,G .P., Dutta, N.K.  Semiconductor Lasers.  2nd ed.  Van Nostrand Reinhold, 1993. s.n.2189733. 

3. Petermann, K.  Laser Diode Modulation and Noise. Kluwer Acad. Publs., 1988. s.n.2057442. 

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

       s.n. 2002301. 

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

6. Coldren, L.A.  Diode Lasers and Photonic Integrated Circuits. Wiley, 1995.   
      s.n. 2174890 
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 òÝãðêæ äñ òÝæÛïòæ òÝðÝàïàáãðØ 
Ýðïáæ.åáÛÙêæ 

ðÞáÝ /Ø 2 'Ü 1 'ò 
)3 (òÝÛÝïè 

;åÛï êÝîïæ 

046237 -  åáäÚêæ åáÙäÝñæ ØÝÙæ äVLSI-. 

;ÜÜÞ êÝîïæ 

048853 -  áÛÙêæä òÝæÛïòæ òÝðÝàïàáãðØ VLSI 
 



 ÜÜÝÙÚ ÙÝñáß òäÝãá áäêÙ åáÙñßæ äê ñÚÛ åê ,åáÙñßæ òÝðÝàïàáãðØÙ åáæÛïòæ åáØñÝè äÝäãá éðÝïÜ
ÙáÙéÙÝÜ  ßàñÝ ïìéÜ òäÙÚÝæ ÜÙáÙéÙ òÝáòÝæãÝ òÝáòÝãáØ òÝàáñ äê ééÙòá ðæÝßÜ .åáÛÙêæ òÙÝðæ
.çÝïáäáé 

 òÝæÚæ òØ ðáÛÚè ,éðÝïÜ âñæÙ ÙñßæÜ ÜèÙæÙ òÝáÛáòêÜÝ òÝæááïÜ òÝïáèãàÜ òØÝ òáÚÝäÝèãàÜ ÜÙáÙéÜ
.òãðêæÜÝ 
 ñÚÛÜá ,êÛáæ äñ ÜØáðï ,òÝîáìï) òÝèÝñ áÝÙáè òÝàáñ :çÝÚã òÝáÛáòêÝ òÝáÝñãê òÝáÚÝäÝèãà äñ ÜÞáäèØä çòèá

òÝàáñ ,òáèãÝòÜ äñ áÙáàäÝïÝìé êÝîáÙ ,('ÝãÝ ,çÝðãÞæ òÝØáðïÙ òÝáÝñÚèòÜä äØáîèàÝì ,êÛáæ áãðê  òÝèÝðãÞ
 ,áìîáð òÝÛÝïì çÝæàæ ,åáÛÙêæ òÝÙÝðæ òÝãðêæä òÝæÛïòæ çÝæàæMultiscalar äñ ÜðæÝßÙ åÝñá ,

 òÝäáãæÜ òÝãðêæ ,òÝÙáä áÝÙáð òÝãðêæ òæÝêä åáàÝß áÝÙáð òÝãðêæ ,òÝáðàæáéØ ÙÝñáß òÝãðêæ ,åáàÝß
.ÛÝêÝ ,êÛáæ òäÝãò òÞáäèØ 

áÚÜÝ êÛáÜ éáéÙ òØ àèÛÝàéä ïìéä ÜèáÜ éðÝïÜ òðàæ åÝñáÝ ÜÙáñß Ýä ÝðñìØáñ òáèÝàïàáãðØÜ Üñ
  .òÝáÛáòê ÙÝñáß òÝãðêæ äñ áèÝàïàáãðØ 

 
;òÝðÝïæ 

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

Kaufmann, 2007;  s.n. 2285679 ï 4th ed., 2007; s.n. 2243749 ï 3rd ed., 2003.                            

2. Hennessy, J. L., Patterson, D.A. Computer Organization and Design: the Hardware/ Software 
Interface. 4th   ed.  Morgan Kaufmann, 2009.  

      s.n. 2300073 ï 4th ed., 2009.  s.n. 2263805 ï 3rd ed., 2005. 
 
 

157975  òÝðáÜæ òÝáòðìé òÝãðêæ çãò  ðèðÝ /æ 2 + 'Ü1'ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

;åÛï êÝîïæ 
044130 ï  òÝãðêæÝ òÝòÝØ 

 ;íäæÝæ åÛï êÝîïæ 
044148 ï  òÝÚäÝìæ òÝãðêæÝ åáäÚ 

 ;ÜæÝÛ êÝîïæ 
048864 ï  åáÙñßæ çÝèãòÙ åáðßÙè åáØñÝè"2.é"ñòÙ çòáèñ ," 

 
;òáðÙêÙ éÝÙäáé 

 ;äæñßÜ òðÝòÙ ÛÝéá áÚñÝæ äê ÜðÞßåáðÝÙáßä åáäÛÝæ ,åÜáÚÝéä òðÝéæò áÝÝï òÝãðêæÙ åáñêð ;òÝæÝáé ,
 òÝáòðìé:  ,òÝïìéØ áñêðSSN,ISI ,   ,çÝæÞò áñêð åáßòæ òïìéØ ;åáñêð Ùáîïò äÝÜáè ÕƩÕƩPDN) ( òæðæ

 ;ÜÙáòÜ òæð ÛêÝ ÙÙñÜ) òÝòáØ òÝàáñ(signaling  ,ÜÛáÛæ òÝïáèãà ;çÝêñ òîìÜTDR; VNA , çãò áðÞê
) åáÙñßÝææCAD .( 

 
English syllabus: 

review of basic concepts of electricity, modeling interconnects, transmission lines, 

terminations: noise in digital systems: Power distribution noises, ISI, SSN, timing noise. 

Managing the noise budget, Power distribution (PDN) from the chip level to the chassis level, 

Signaling convantions, Clock distribution, Measurement Techniques: TDR, VNA. Computer 

aids (CAD).  

 
;ÜÛáæä òÝØîÝò 

 åáÜÝÙÚÜ åáÙîïÙ òÝèáæØÙ òÝäêÝìÜ òÝáòðìé òÝãðêæ çãòä àèÛÝàéÜ òØ ðáñãá éðÝïÜ ,åÝáÜ åáäÙÝïæÜ
.òãðêæÙ òÝÛáßáÜ çáÙ ðÝÙáßÜ áÝÝï äñ òÝáäïáÞáìÜ òÝèÝãòÜæ òÝêÙÝèÜ òÝèÝñÜ òÝêìÝòÙ òÝÙñßòÜ âÝò 

Result of Learning: 

 
Students will learn how to design digital systems which operate reliably at the high signal 

rates common today, taking into account the various  phenomena resulting from the physical 
properties of the interconnects between the units in the system.  

 
 
 
 

;òÝðÝïæ 
1. Dally, W. J., Poulton, J. W. Digital Systems Engineering. Cambridge Univ. Press, 1998.   s.n. 

2195381. 



2. Johnson, H.W., Graham, M. High-Speed Digital Design: A Handbook of Black Magic.  Prentice-

Hall, 1993.   s.n. 2150098 
3. Poon, R.K. Computer Circuits Electrical Design. Prentice-Hall, 1995. s.n. 2198509. 

4. Hall, S.H., Hall, G.W., McCall, J.A.  High Speed Digital Systems Design:  A Handbook of 

Interconnect Theory and Design Pratices. Wiley, 2000.  s.n. 2224045.  

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

6. Hall, S. H., Heck, H. L. Advanced Signal Integrity for High-speed Digital Designs. Wiley, 2009. 

s.n. 2306338. 

 

157979 åááØðïØ åáãáäÜò òÝÛÝéá áïéÙÝðÙÝÙ /ê 2 + 'Ü1 'ò 
)3 (òÝÛÝïè 

 
;åÛï êÝîïæ 
044202 ï  åááØðïØ òÝòÝØ 

;ÜÜÞ êÝîïæ 
048868 ú åááØðïØ åáãáäÜò òÝÛÝéá 

çÝÛð òðÞÚè ;òáèòÝæ òäßÝò ;òÝáÝéèãòÜ ;ÜáîðÚàáØÝ òäßÝò ,òÝðÙòéÜ áÙßðæ ;àðÙäáÜ áÙßðæ ,ØÝÙæ-
 ,ëáîð çæÞÙ åáãáäÜò ;åáäááÚèáàðæ ,åááØðïØ åáãáäÜò ;ÜÛáæÜ òðÝòÝ ÜáîðÚàèáØÙ òÝæäñÜ ,åáÛÝïáè

Ýïðæ áãáäÜò ;åáèÝáðàáðï ,òÝÙáîá ,çÝáìØ :ÛáÛÙ çæÞÙ ÙÝïðæ áãáäÜò ;òáèÝØðÙÜ ÜêÝèòÜ ÚñÝæ ,ëáîð çæÞÙ Ù
 .åááÙÝïðæ áæé åáãáäÜò ,Üîáìï áãáäÜò ,ðÝàðèÚÜ 

;òÝðÝïæ 
1. Breiman, L. Probability. Addison-Wesley, 1992. s.n.2123815, s.n. 2021002. 

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

      s.n. 32426. 

3. Durrett, R. Probability: Theory and Examples. 3rd ed.Thomson/Brooks/Cole, 2005.  

      s.n. 2266101 ï 3rd  ed., 2005.                             

      s.n. 2179948 ï 2nd ed., 1996. 

 

 

157991  òÝãðêæ äñ áÚÝä çãòVLSI Ùñßæ òðÞêÙ ÙááéáÝæ /ï 2 + 'Ü1'ò 
)3 (òÝÛÝïè 

 òÝãðêæ äñ áÚÝä çãòä ÜáîæÝàÝØ òÝàáñÝ åáæòáðÝÚäØ ,òÝèÝðïê Úáîæ éðÝïÜVLSI  .òÝäÝÛÚ òÝáòðìé 

;åÛï òÝêÝîïæ 
046237 ï ä ØÝÙæÝ åáÙäÝñæ åáäÚêæ- VLSI 
044268 ï  ,åáæòáðÝÚäØÝ åáèÝòè áèÙæä ØÝÙæ ÝØ234247 ï  åáæòáðÝÚäØ1   . 
 

;éÝÙäáé  

 òÝãðêæ äñ åáÚÝîááVLSI òÝìñ .åááòÝÚÜèòÜÝ åááèÙæ åáäÛÝæ  .åÜáÚÝéä çãò áäã  .çãò äñ òÝáÚÝäÝÛÝòæ  .

 òÝæáØä òÝàáñ  .òÝèÝñ ÚÝîáá òÝæðä åáðÝàäÝæáé .áæèáÛÝ áààé òÝæáØ .Üðæß ðÝØáòä åáèÝòè áèÙæÝ

Ù ñÝæáñ ,áäæðÝì- BDD òÚñÜä ÜÞòèáé .åáäÝäéæÝ òÝáÜñÜ äñ áààé ßÝòáè .òáàæÝàÝØ òáÚÝä ÜÞòèáé .

áÛêá    .çÝæÞò 

 
;òÝðÝïæ 

1) G. De Micheli, "Synthesis and optimization of digital circuits", McGraw-Hill, 2003. 

 
Auxiliary books: 

2) G.D. Hachtel and F. Somenzi, ñLogic Synthesis and verification algorithmsò, Kluwer 

academic publishers, 1996. 

      3) S. H. Gerez, ñAlgorithms for VLSI design automationò, Wiley, 1999. 

      4) Leiserson, Charles E., Ronald L. Rivest, and Clifford Stein. Introduction to             
 algorithms. Ed. Thomas H. Cormen. The MIT press, 2001. 

          Current literature. 



 

 

 

 

 

 

157:14  åáÙäÝñæ åáäÚêæCMOS ÝáÛð ðÛòÙ çÜã /ê 2 +'Ü1'ò 
)3 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

044142 ú åááðØèáä åáèÝðàïäØ åáäÚêæ Ý-044148 ú òÝÚäÝìæ òÝãðêæÝ åáäÚ  
ÝØ 

044137 ú  åáèÝðàïäØ åáäÚêæÝ-044148 ú òÝÚäÝìæ òÝãðêæÝ åáäÚ  
 

044202 ú (íäæÝæ) åááØðïØ òÝòÝØ 
 

 áèïòÜ .åááÙáéØì åáÙáãðMOS ' áðàæðì .àáæé òæðÚØáÛ .òðÝéæò áÝÝï .ÝáÛð ðÛòÙs òÝòñð äñ çãò .'
 áðÙÚæ äñ çãò .òÝÙáîá .ïìéÜ ðÙÚÜCMOS  ðÙÚæ .ñêð òÝðÝïæ .çÝÝãæ ðÙÚæÝ àðé Ùßð ðÙÚæ .ÝáÛð ðÛòÙ

.åááÙáàïØÝ åááÙáéØì åáðéïáæ .ðéïáæÜ òÝèÝðïê .òÝÝáê .âÝæè ñêð 
 

Passive components. Mos devices in rf. Transmission lines. Smith charts. S-parameters. 

Desigh of power gain networks. Stability. Rf cmos amplifier design. Tuned amplifies. Noise 

sources. Low noise amplifiers. Non linearities and distortion. Mixer fundamentals. Passive and 

active mixers. 
 

;òÝðÝïæ 
1. Lee, T. The design of CMOS Radio-Frequency Integrated Circuits. 2nd ed. Cambridge University 

Press, 2004. s.n. 2263836. 

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

2298637. 

3. Pozar, D.M. Microwave Engineering.  3rd ed. Wiley, 2005. s.n. 2258561.  

4. Davis, W. A., Agarwal, K. Radio Frequency Circuit Design. Wiley, 2001. s.n. 2298638. 

 

157:29  òÝãðêæ äñ áéáì çãò VLSI 
 

ÙááéááÝæ /ï 2 +'Ü1'ò 
)3 (òÝÛÝïè 

 
ÜáîÞáæáàìÝØÝ ÜáîæÝàÝØÙ ïéÝê éðÝïÜ åáäÝÛÚ åáÙäÝñæ åáäÚêæ äñ áéáì çÝèãò äñ 

 (VLSI layout automation) 
 

;åÛï òÝêÝîïæ 

046237  -  ä ØÝÙæÝ åáÙäÝñæ åáäÚêæς VLSI ÝØ ,236354 ς  áäÚêæ çÝèãòVLSI 

;éÝÙäáé  

 .àÝáßÝ åÝïáæ ,ÜÞáäèØÝ ÜÞòèáé òÝáêÙ ,áéáì çÝãáò äñ ÜáãðØðáÜ  òÝïìéØ àÝáß  òÝáêÙ .åáèÝêñÝ
òò òÝáÚÝäÝèãàÙ- ÜèÙæÜæ åáðàæðì íÝäáßÝ òáéáì ÜïáÛÙ .åáäÝÛÝæ äñ ÜÞòèáé ,åáèÙæ íÝÝã .òÝáèÝðïáæ

.òÝãáéæ äê òÝáðàæÝØáÚ òÝäÝêì .áéáìÜ 

;òÝðÝïæ 
1) G. De Micheli, "Synthesis and optimization of digital circuits", McGraw-Hill, 2003. 

 
Auxiliary books: 

2) G.D. Hachtel and F. Somenzi, ñLogic Synthesis and verification algorithmsò, Kluwer 

academic publishers, 1996. 

      3) S. H. Gerez, ñAlgorithms for VLSI design automationò, Wiley, 1999. 

      4) Leiserson, Charles E., Ronald L. Rivest, and Clifford Stein. Introduction to      
          algorithms. Ed. Thomas H. Cormen. The MIT press, 2001. 

      5) Current literature. 
 



 

157:36  åáÙñßæ òÝãðêæ ßÝòáèä åáäã 
 

 2 + 'Ü1'ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèá Øä 

 
;åÛï êÝîïæ 

044202 - òÝòÝØ åááØðïØ 
 

ÜðÞß äê òÝðÙòéÜ åáãáäÜòÝ åááØðïØ. ÜðÞß äê òÝØðñðñ ÙÝïðæ. áãáäÜò ÙÝïðæ çæÞÙ ëáîð. áãáäÜò 

ÜÛáä - Üòáæ.  òãðêæM/M/1 àìñæ ,LittleáãáäÜò . òÝñÛßòÜ éïÝÛðìÝ òáðØñ  òÝãðêæ  .åááßÜM/G/1 .

 òÝãðêæG/M/1.åáðÝò òÝòñð  . 
 

òÝðÝïæ; 
1. Kleinrock L., "Queueing Systems: Volume 1: Theory", John Wiley Sons, 1975. 

         rec. 209308. 

2. Ross S., "Introduction to Probability Models". Third Ed. Academic Press, 1985.  

          rec. 54442. 

 

157:63   òÝòñðÙ åÜáñÝæáñÝ åáðÞÝÙæ åáæòáðÝÚäØ
òðÝñïò 

 2 + 'Ü1 'ò 
)3 (òÝÛÝïè 

 
ÜèñÜ çòèáá Øä/ 

 
;åÛï êÝîïæ 
046335 ï  åáÙñßæ òÝòñð çãò 
046005-  àèðàèáØÝ åáÙñßæ òÝòñð2 

;ÜæÝÛ êÝîïæ 
048952 ï  .é"ñòÙ çòáèñ "òðÝñïò òÝòñðÙ åÜáñÝæáñÝ åáðÞÝÙæ åáæòáðÝÚäØ" 
236845 ï  åáÙñßæ òÝòñðÙ åáðÞÝÙæ åáæòáðÝÚäØ"1." 

 
è éðÝïÜ  .åááèðÛÝæÝ åááéäï åáÙñßæ òÝòñðÙ ñÝæáñÙ åáðÞÝÙæ åáäÝïÝàÝðì Üéãæ éðÝïÜ ðÝØò çòÝ

 åáäÝïÝàÝðì ,Ýï ,áäÝïÝàÝðì ,åáäÛÝæ :åÜ åáØñÝèÜ  .òÝèÝãè òßãÝÜÝ çÝáìáØ ääÝã ,åáäÝïÝàÝðìÜ äñ ïáæêæ
 ÚÝéæPI Ý- PIFçæäÙ ,åáðÞÝÙæ ëðÚ áäÝïÝàÝðì ,åáðàæðìÝ ÜáÚÝäÝìÝà òîìÜ ,òÝðáñï òïáÛÙä åáäÝïÝàÝðì-

 .åááÚÝäÝìÝà åááÝèáñ åê åáäÝïÝàÝðìÝ ðÞÝÙæ  ÛðÝì 
 

;òÝðÝïæ 
Segall, A.: ñDistributed Network Protocolsò. Lecture Notes, CC Pub. 294(EE  
Pub.1226),Oct.1999.http://comnet.technion.ac.il/segall/Reports.html/DNPcourse.ps.zip. 
 
 

157:79  òÝãðêæ ÝðïáæÝ ÛÝÙáê Ýðïáæ
 òÝáèãæÝðàïäØ 

áïéÙÝðáæè /á 2 + 'Ü1 'ò 
)3 (òÝÛÝïè 

 
 êÝîïæ;ÜæÝÛ 
048968 ú òÝáèãæÝðàïäØ òÝãðêæ ÝðïáæÝ ÛÝÙáê Ýðïáæ 

 
åáèñáßÝðïáæ òÝãðêæÝ ÜÛáÛæ - Üðáïé òßòÝì äê åáèñáß åáèÝðàïäØ åáÙáãð ,åáðÝàØÝàïØÝ åáèñáßã, 

Üïáéáì äñ òêìñÜ) ðÝêÞæ òèàïÜ äê åáÛææÜ òÝßÝã åááèãæ, åáàèÚæ ,åáààéÝðàïäØ ßòæÝ  .(åáèì

òÝèÝðïêÜ Ýðïáæ äñ  ÛÝÙáêßàñÙ) (ëÝÚÝ ÝðïáæÝ ÛÝÙáê åØÝò åáãáäÜò äñ åáäÚêæ   :òÝØæÚÝÛ  .åáÙäÝñæ
áèñáß ÜðìèáØ ,ÜîÝØò ,íßä åÝÛØ åááæðò  åáäÝïáñ) åááòãðêæ  .(ñÝæáæÝ 

 

;òÝðÝïæ 

1. Senturia, S.D. Microsystem Design, Kluwer, 2001.  s.n. 2224756.  

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

s.n. 2213526. 

3. Rebeiz, G.M. RF MEMS: Theory, Design, and Technology. Wiley, 2003. s.n.2254004. s.n. 

2270390 (e-text) 



4. Madou, M.J. Fundamentals of Microfabrication: the Science of Miniaturization.   

      2nd ed. CRC Press, 2002.  s.n. 2239940 

5. Santos, H.J. RF MEMS Circuit Design for Wireless. Artech House, 2002. s.n.2253710.  

6. Santos, H. J. Introduction to Microelectromechanical (MEM) Microwave Systems. Artech House, 

1999. s.n.2217323. 

 

 

157::4 
 

ñð òÝòòÝðáÜæ  2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
/ÜèñÜ çòèáá Øä 

 

êÝîïæ åÛï: 
044334 - ØÝÙæ ðäòÝòñ åáÙñßæ  
êÝîïæ æÝÛÜ:  

046992 ú  òÝòñðATM 
 

äñ åÝñááÝ ÜáðÝØò  òÝòñðòÝðáÜæ .åáØñÝèÜ .òÝäáÙß ÚÝòáæÝ åáäÚêæ ÚÝòáæ .Üîï òÝòñðÝ ÜðÛñ òÝòñð :
 ,òÝáàìÝØ òÝòñðSONET/SDH òÝòñð ,BENES Ý-CLOS  .òÝäáÙß ÚÝòáæä åáäÛÝæ .ÜêáÙîÝ Üæáéß ,

 àäì áðÝòÝÛÝÙê ðÝæáñ .Ü,ðÝòÜ ñØð òæáéß ,àäï áðÝò àäì áðÝò åááäØÝàðáÝ ÝçÝæÞò .åáÚòæ  
 

òÝðÝïæ: 
 

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. 

 

158114  åáæÛïòæ åáØñÝè5   3 æ' 
)1 (òÝÛÝïè 

 
ÜèñÜ çòèáá Øä 

 

 ØÝÜ .ÜàäÝïìÙ äÚéÜ áðÙß á"ê ÜéÝãæ ÝèáØñ åÛïòæ áðïßæ åÝßòä åáàèÛÝàé òìáñß ØáÜ éðÝïÜ òðàæ
 çòèááÝ íáïÜ áñÛÝßÙ ääã âðÛÙ êîÝáÝ ÞãÝðæ ÜáÜá éðÝïÜñ çãòá .ßðÝØ ÜßæÝæ á"ê ØÝÜ äÝäãá14  òÝêñ

 .ÜØîðÜ 
 .åáØòæÜ ÜîðæÜ òÝèáæÞäÝ âðÝîä åØòÜÙ Ýæéðìá ÝÛêÝæÝ éðÝïÜ ØñÝè äê 

 
 

 

158115  åáæÛïòæ åáØñÝè6   2 'Ü 1'ò 
)3 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 
 

 ÜéÝãæ ÝèáØñ åÛïòæ áðïßæ åÝßòä åáàèÛÝàé òìáñß ØáÜ éðÝïÜ òðàæ ØÝÜ .ÜàäÝïìÙ äÚéÜ áðÙß á"ê
Ý ÞãÝðæ ÜáÜá éðÝïÜñ çãòá .ßðÝØ ÜßæÝæ á"ê çòèááÝ íáïÜ áñÛÝßÙ ääã âðÛÙ êîÝá ØÝÜ äÝäãá28  òÝêñ

 .ÜØîðÜ 
 .åáØòæÜ ÜîðæÜ òÝèáæÞäÝ âðÝîä åØòÜÙ Ýæéðìá ÝÛêÝæÝ éðÝïÜ ØñÝè äê 

 

158117 ØñÝè åáæÛïòæ åá7 
 

2  +  'Ü1 'ò 

)3 òÝÛÝïè( 
ÜèñÜ çòèáá Øä 

 äê òÝééÝÙæÜ ÙÝñáß òÝãðêæ òÝèãòÝ åÝñáá çÝèãòÙ åáðÝñïÜ åáèÝñ åáØñÝèÙ åÛïòæ éðÝï
 åáæäòñæä éáéÙã åÚ ñæñá éðÝïÜ ,åáæÛïòæ åáðØòæ åáàèÛÝàé ðÝÙê .òÝáèÚÝðàÜ òÝðÝàïàáãðØ

.åÝßòÙ ðÝàïÝÛ ÝØ ðàéáÚæ òÛÝÙê êîÙä åáèááèÝêæÜ 



 

159111  áÙÝñáß åÝäáî  çáÝä òèê (ìÝðì 2 ,'Ü 0 'ò 

)2 (òÝÛÝïè 

 

ðîÝïæ áðÙê åñáÙÝñáß åÝäáî : 

;åÛï òÝñáðÛ  òÝèÝæò ßÝòáèÝ ÛÝÙê046200   ÜßèæÜ ðÝñáØÙ åáæÝÛ åáéðÝï ÝØ 

òÝÛáæî òÝñáðÛ0ëéÝè áÝãáÞ Øää òÝêÝîïæ0ÜÜÞ êÝîïæ0åÛï òÝêÝîïæ  

 òáðÙêÙ éÝÙäáé;  

 .ÜïáàìÝØÝ òÙñßÝææ ÜáØð ,òÙñßÝææ ÜïáìðÚ çáÙ ðìòÙ ßòìòæÝ ñÛß ðïßæ åÝßò ØÝÜ áÙÝñáß åÝäáî
 ÛÝÛæä ÝØ åäîä Ýèä ðñìØäÝ ÙÝñáß òðÞêÙ òÝáàðÛèàé åÝäáî òÝãðêæ äñ òÝäÙÚæ äê ðÙÚòÜä Ýòðàæ

æÝáæÝá åÝäáîÙ áÝàáÙ áÛáä òÝØÙ òÝáîïáäìØÜ  .åäÝêÜ äê ðòÝá ÜðáñêÝ ðòÝá ÜÙÝà ÜáîæðÝìèáØ äãÙ åÚÝ á
 .áØÝìð åÝäáîÝ ÜáìÝïéÝðïáæä ÜáæÝèÝðàéØæ ,ðïßæÜ áæÝßò 

ÛÝæáäÜ áØñÝè; 

 ÝØ ÜêÝèòÜæ ÜØîÝòã ñÝàñà òðéÜ ,ñÝàñàÝ ÜÛñ ïæÝê ,òáéáéÙ ÜïáàìÝØ ,åÝäáî òÝãðêæ äñ ÜÚîÜ
 ÜðÝØò ,áæèáÛ ßÝÝà òÙßðÜÝ òÝèÝæò òÝðÛé ,ðÝØ òÝÛñ ,íÝÝãæ åÝäáî , òÝáÙÝñáß òÝæäîæ ,éÝïÝìáÛæ

áÙÝñáß.ÜìÝêò çæÞ ,ÜèîéÙ ðÝØ ðÙêæ ,ò 

òÝðÝïæ;  .åÝßòÙ åáèÝðßØ åáðæØæ äê ééÙòá éðÝïÜ 
 

ÜÛáæä òÝØîÝò; .áÙÝñáßÜ åÝäáîÜ åÝßòÙ òÝáèãÛê òáðïßæ òÝØîÝò åêÝ éáéÙÜ åê òÝðãÜ 
 

çÝáîÜ ÙãðÜ ; .òáÙ áäáÚðòÝ òÝßãÝè ,òÝìòòñÜ äê ééÙòá çÝáîÜ 

òáäÚèØÙ éðÝïÜ åñ     PhotographyComputational   

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

convergence of computer graphics, computer vision and optics. Its role is to overcome the 

limitations of traditional cameras and imaging systems by using computational techniques to 

capture better and richer information about our world. Applications spread from everyday 

photography to all fields of science, from astronomy to microscopy, and in medical imaging.  

Topics include: basic imaging and optics, depth of field, defocus and motion deblurring, 

computational cameras, compressive imaging, light fields, burst imaging and high dynamic 

range, computational illumination, light transport, time of flight cameras. 

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

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

of computational photography. 

 

 

159772 ÜïÝæê ÜÛáæä òÝãðêæ äñ åÝñááÝ çãò 
 

 2'Ü 
 )2 (òÝÛÝïè 

 ØäÜèñÜ çòáè 

Subject: Design and implementation of deep learning systems 



 

 ;åÛï òÝêÝîïæ 

046267 ú ÝØ  åáÙñßæ ÜèÙæ 
046209 -  åÚÝ ÜäêìÜ òÝãðêæ ÜèÙæ046210 -  ÝØ ÜäêìÜ òÝãðêæÙ ÜÛÙêæ 
046274 ú åáÙñßæ òéÛèÜÙ åáðßÙè åáØñÝè 

 
 

) ÜïÝæê ÜÛáæää òÝãðêæ òááèÙ äñ åáèÝñ åáàÙáÜÙ ïéÝê éðÝïÜDeep learning .( ðÝïéè ÝÙñ ÜÛáæää ØÝÙæ ðßØä
Ùð åáèÝðáÝè òÝòñðÙ ñÝæáñ åáðñìØæÜ åááéáéÙÜ åáæòáðÝÚäØÜÝ åáÚñÝæÜ òØ- ÚÝÝáé òÝáêÙ ðÝÙê òÝáòÙãñ

 áÙÝðæ åáÛÙêæ äê áäáÙïæ ÙÝñßæ çÝÚã ,ÜäØã òÝòñð áééÝÙæ òÝãðêæ ñÝæáæ äñ åááñêæ åáØñÝèÙ Ûïæòè ,òÝÙãðÝæ

Ý òÝÙáä-GPUsÝ ,åáÙÝñáß äñ ÜáîÞáæàìÝØ ,.åáÙñßæ äñ ðáÙî äê åáÙÝñáß ðÝÞáÙ çã 

áìÝé çßÙæ ÝØ àïáÝðìÝ òáÙ áäáÚðò áèÝáîæ ÙãðÝá áìÝéÜ çÝáîÜ 

;ÜÛáæä òÝØîÝò 

 òÝãðêæ òáèÙä åááñêæ åáäã ÝäÙïá åáàèÛÝàéÜdeep learning òÝèãò ,áäáÙïæ òÝèãòä òÝïáèãà ÝÛæäá ,GPUs 
åáêÝîáÙ ðÝìáñä òÝñáÚ ÝÛæäáÝ 

òÝðÝïæ : 

òÝðìéÜæ åáðæØæ 

 

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 

ww Lecture Exercise Comment 

1 
DL: Introduction to deep 

learning 

caffe ς getting 

started. 
C/C++ 

2 
DL: Network topology. 

Forward Propagation 
MNIST training C/C++ 

3 
DL: Backward 

Propagation 
CIFAR-10 training C/C++ 

4 

DL: Basic Optimization 

algorithms for deep 

learning ( SGD + 

momentum) 

Imagenet training C/C++ 

5 

DL: advanced 

optimization  algorithms 

(Adagrad, Accelerated 

SGD, Nesterov,..) 

Implement averaged 

SGD 
C/C++ 



6 CPU architecture Vtune of caffe C/C++ 

7 

Performance 

optimization, 

vectorization, VTUNE 

Implement conv 

layer  forward/ 

backward ; 

CPU profiling 

C/C++ 

8 Parallel programming 
Implement conv. 

layer with MKL 

C/C++; 
 

9 
parallelization with 

OpenMP  

Parallelize conv. layer 

with openmp 
OpenMP 

10 CUDA basics 

basic Implement 

conv. layer with 

CUDA 

CUDA 

11 

CUDA debug and 

performance 

optimizations with 

NVProf 

Profile conv. layer 

with NVprof 
CUDA 

11 
CUDA, performance 

optimizers 

Implement conv. 

layer with cuBLAS 
CUDA 

12 
GPU accelerated deep 

learning 

Implement conv. 

layer with cuDNN 
python 

13 
Distributed systems for 

deep learning 
ILSVRC2014 overview Python 

open    

 
 

 

 

 

159815 åáØñÝè åáæÛïòæ  ÜáîæðÝìèáØÝ òðÝñïòÙ 3  2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 

;åÛï òÝêÝîïæ 

236309 ú  ÜèáìîÜ òðÝòä ØÝÙæÝØ 
046205 ú  òðÝñïòÙ ÛÝÛáïÜ òðÝòä ØÝÙæÝØ 

236315 ú  Ùñßæ áêÛæ òðÝñïòÙ òÝáðÙÚäØ òÝàáñÝØ 
046733-  ÜáîæðÝìèáØÜ òðÝòÝØ 



236520 ú  çÝéßáØ òÝãðêæÙ ÛÝÛáïú  êÛáæÝØ 
048934 ú .òÛÛÝïæ òðÝñïò 

 
;éÝÙäáé 

ÝèÝðãáÞ òäÝÙáïÙ äÝÛáÚ ðñìØä òèæ äêò  áêÝîáÙ äê ðÝæñä ÝðñìØáñ òÝèÝðòìÙ âðÝî ñá ,åáìáÛè áòäÙ
ÝðãáÞÜç .çÝéßØÜ òÝìáìîÙ Üááäêä äáÙïæÙ 

äê ñÝæáæä òèòáè ÝÞ Üðàæ-áÛá ÝðãáÞÙ êÛáæÜ ÚÝîáá òØ åáØòæÜ ,ÛÝÛáï òÝÙäñæÜ òÝæãéç  òÝñáðÛä
 áðàæðì òðáßÙÙ òÝñáæÚ ,åáßàÙÝæ åáêÝîáÙ :åÜ ÛÝÛáïÜ òÝèÝðòá .òßðØæÜ òãðêæÜ äñ åáêÝîáÙÜ

 .òáäæáàìÝØ òÝäáêá ßáãÝÜä òäÝãá åÚ ääã âðÛÙÝ ,åáêÝîáÙÜ 
àæä ÛßÝáæÙ òÝßáàÙæ ÛÝÛáï òÝïáèãà ðìéæ ðïßæÜ òÝðìéÙ òÝæááï òÝïáèãàÙ Þãðòá éðÝïÜ .ÝÞ Üð

.ðòÝá åáäáßòæ ðïßæ áÙäñÙ òÝñÛß òÝïáèãàä åÚ çæÞ ñáÛïá çã ÝæãÝ ,ÜäØ 
 

òæáñð åáØñÝè; 
1( òÝÙÝðæ òÝÙáòãä åáÛÝï 

2( òÝáîàÝæðì òðÞêÙ ÛÝÛáï 

3( òÝØáÚñ çÝïáòä åáÛÝï 

4( íÝäáØ áÛÝï 

5( ÝèÝðãáÞ áãðêæä åáÛÝïò òÝÛÚèòÜ áééÝÙæ 

6) åáêÝîáÙ ðÝìáñä òÝñÛß òÝæáãéä åáÛÝï 

 
;òÝðÝïæ 

The course will survey recent literature with the state-of-the-art coding solutions. 

Articles representing the coding models and techniques are included below.   

 
1. A. Jiang, V. Bohossian and J. Bruck, Rewriting Codes for Joint Information Storage in Flash Memories, 

in IEEE Transactions on Information Theory, vol. 56, no. 10, pp. 5300-5313, October 2010. 

2. Eitan Yaakobi, Scott Kayser, Paul H. Siegel, Alexander Vardy, and Jack K. Wolf, Codes for Write- 

Once Memories, IEEE Transactions on Information Theory, vol. 58, no. 9, pp. 5985 ï5999, September 2012. 
3. Eitan Yaakobi, Hessam Mahdavifar, Paul H. Siegel, Alexander Vardy, and Jack K. Wolf, Rewriting Codes for 

Flash Memories, IEEE Transactions on Information Theory, vol. 60, no. 2, pp. 964 ï975, February 2014. 

4. Yuval Cassuto and Eitan Yaakobi, Short Q-ary Fixed-Rate WOM Codes for Guaranteed Re-writes and with 

Hot/Cold Write Differentiation, IEEE Transactions on Information Theory, vol. 60, no. 7, pp. 3942 ï3958, July 

2014 

5. A. Jiang, M. Schwartz and J. Bruck, Correcting Charge-constrained Errors in The Rank Modulation Scheme, 

in IEEE Transactions on Information Theory, vol. 56, no. 5, pp. 2112-212-, May 2009 

6. A. Jiang, R. Mateescu, M. Schwartz and J. Bruck, Rank Modulation for Flash Memories, in IEEE Transactions 

on Information Theory, vol. 55, no. 6, pp. 2659-2673, June 2009. 

7. Alexander Barg, Arya Mazumdar, Codes in Permutations and Error Correction for Rank Modulation, IEEE 

Transactions on Information Theory, Vol. 56, Issue 7, pp. 3158-3165, July 2010. 
8. Y. Cassuto, M. Schwartz, V. Bohossian and J. Bruck, Codes for Asymmetric Limited-Magnitude Errors with 

Application to Multi -Level Flash Memories, IEEE Transactions on Information Theory, 04/2010 

9. Sarit Buzaglo and Tuvi Etzion, Tiling with n-Dimensional Chairs and Their Applications to Asymmetric 

Codes, in IEEE Transections on Information Theory, vol. 59, no. 3, pp. 1573-1582, March 2013. 

10. Moshe Schwartz, Quasi-cross lattice tilings with applications to flash memory, IEEE Trans. On Inform. 

Theory, 58 (4), pp. 2397-2405, April 2012.  

11. A. Sharov and R.M. Roth, New Upper Bounds for Grain-Correcting and Grain-Detecting Codes , in Proc. 

IEEE Symp. Inform. Theory, Honolulu, HI, 2014, pp. 1121ï1125. 

12. Yuval Cassuto, Shahar Kvatinsky, and Eitan Yaakobi, Sneak-path constraints in memristor crossbar arrays, 

Proc. IEEE International Symposium on Information Theory, pp. 156 ï160 , Istanbul, Turkey, July 2013 . 

13. E. Hemo and Y. Cassuto,  Codes for High Performance Write and Read Processes in Multi -Level NVMs, 

IEEE International Symposium on Information Theory, ISIT 2014. 
14. Ravi Motwani and Eitan Yaakobi, Construction of Random Input-Output Codes with Moderate Block 

Lengths, Proc. IEEE Information Theory Workshop , Hobart, Tasmania, Australia, November 2014. 
 

;ÜÛáæä òÝØîÝò 

ÝèÝðãáÞÙ ÛÝÛáïä òÝæááïÜ òÝïáèãàÜ çÝÝÚæ òØ ðáãá àèÛÝàéÜ éðÝïÜ åÝáéÙò áòäÙ- ïæÝêä çáÙáÝ ,åáìáÛè
.ÜäØ òÝïáèãà áðÝßØæñ åááàðÝØòÜ òÝÛÝéáÜ òØ 

 òÝßìäÙ Üïáæêæ òáæîê ÜÛÝÙê êîÙá àèÛÝàéÜ ,Üìáïæ òáÙßÝð òÝðãÜä ëéÝèÙ .éðÝïÜ áØñÝèæ åááèñ
 áèìÙ ÜØîðÜ òðÙêÜÝ ,ðïßæ âñæÜä òÝèÝáêð òïáÛÙ ,åáðæØæ äñ òáòðÝïáÙ ÜØáðï äÝäãò ÝÞ ÜÛÝÙê

.éðÝïÜ 
 

;òáäÚèØÙ éðÝïÜ åñ 

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 Non- Volatile Memories 

 

Syllabus: 

 
The demand for massive amounts of high-performance storage has driven the continuous 

scaling of fast non-volatile memory technologies. It has now become very challenging to 

continue the density scaling without significant compromises to performance. Therefore, there 

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 performance 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 techniques have emerged as having potential to improve real-

world performance of non-volatile 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) Re-write codes, WOM codes 

2) Rank modulation and data representation with permutations 

3) Error-correcting codes 

4) Constrained codes 

5) Memristor crossbar codes 

6) Emerging performance-boosting codes 
 

 
Learning Outcomes 
At the conclusion of the course, the student will be familiar with a variety of techniques for 

coding in non-volatile 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 course topics. This work will include critical reading of articles, exploring 

directions for continued research, and presenting a lecture in class. 

 

 

 

 

 

 

 

 

 

 
 

159821  ÜïáèÝðàïäØ ÝàìÝØÙ åáæÛïòæ åáØñÝè2 
 

Ø/ çæãáÝÚ 
 

2 'Ü 
)2 (òÝÛÝïè 

 

˫ˣ˥˸˟ ˫˧ˬˡ˵˸ˬ ˫˧˞˷ˣˮ˟ ˵ˣ˯˰˧ ˯˶ˣ˵ˢ   ˸ˣ˩˶˰ˬˣ ˫˧ˮ˵˸ˢ ˶˞˸˧ˣ ˸˧˟˧˦˶ˠ˦ˮ˧˞ ˢ˵˧ˮˣ˶˦˵˞˪˞ˣ˦˲ˣ˞

 ˯˶ˣ˵ˢ ˭˩ ˣˬ˩ .˟˟˷ ˪˰ ˧˦˲ˣ˞ ˧ˣ˪˧ˠˣ ˭ˣˮ˲˞˪ ˫˧˧ˮ˶ˡˣˬ˟ ˵ˣ˯˰˧ ˸ˣ˩˶˰ˬ˟ ˫˧˶˦ˬˣˮˮ ˫˧˶ˬˣ˥ ˪˷ ˟ˣ˪˧˷

˶ˣ˞ ˸˧˧˴˵˞˶˦ˮ˧˞ ˸˶˟ˠˢ ˨˶ˣ˴˪ ˸ˣ˧ˮˣ˶˦˵˪˞ˣ˦˲ˣ˞- ˪˷ ˣ˵ˣ˯˧˰ ˫ˣ˥˸˟ ˫˧˧ˮ˩ˡ˰ ˫˧˶ˬ˞ˬ ˶ˣ˵˯˧ˣ ˶ˬˣ˥

.ˢ˴˶ˬˢ 



The course will describe advanced topics in integrated optoelectronics and analyze modern devices 

and systems for light modulation and detection on-chip.  The course will discuss the integration of 

novel nanomaterials in optoelectronics to enhance light-matter interaction and will review recent 

publications from the lecturer field of expertise.  

 

 
159822 
159823 

 ÜïáàìÝØÝðàïäØÙ ÜÛÙêæ2 -3 
 

íáÙÝðÝÜ /æ  4'æ 
)2 (òÝÛÝïè 

 
éðÝïÜ ääÝã ÛÝæä áæîê ÜØáðïÙ)  (òãðÛÝæ äñ òÝèÝðïê òäÝêì ðÞááäÜ ÜèÙæ ,ðÞááäÜ ÝáòÝèÝãòÝ êÝîÙÝ 

àïáÝðì áòÛÙêæ ÛßØÙ ÝØ ðòÝá çæ åáØñÝèÜ ÛÝÙê  :åáØÙÜ  òÝòÝØ òÝàáñÙ åÝäáî ;òÝáàìÝØ  ;áìðÚÝäÝÜ
òÝÛáÛæ òðÞêÙ ÜááèÙ  ;åáðÞááä äñ  òÝãðêæ ðïß ;òÝáàìÝØÝðàïäØ òÝèÝãò äñ òðÝñïò ;åáðÞááä   ,òáàìÝØ

ÜïáàìÝØÝ  Øä òÝàáñ ,òáðØèáä ÜïáÛÙ Øää .éðÜ 
 
 

048715  ÜðïÙÝ ÜÛáæä òÝãðêæÙ åáæÛïòæ åáØñÝè
2 
 

áðÛÝé /Û 2  'Ü 
)2 (òÝÛÝïè 

ØñÝèÜ àêñò òèñÙ éðÝïÜ åñ :òÝïÝæê òÝòñð äñ ÜáðÝØáòÙ åáØñÝè 
 

;åÛï òÝêÝîïæ ) òÝÛæÝä òÝãðêæ0461959,( ) åááØðïØ òÝòÝØ44202.åáæÝÛ åáéðÝï ÝØ ,(  
 

;òáðÙêÙ éÝÙäáé 
òÝïáòÝ òÝáàðÝØáò òÝØîÝò äê Ûæäè éðÝïÙ  äñ ÙÝðáïÜ òÝäÝãá çÜæ :ØæÚÝÛä .åáèÝðáÝè òÝòñð äê òÝñÛßÝ

áØ òØ òæãè Ûîáã ?åáèÝðáÝè òÝòñð-çæÞÙ ÜïáæèáÛÜ áÜæ ?ÜÛáæäÙ òáàéáààéÜ ÜØáÚñÜÝ òÝØÛÝÝÜ 
 çÝæáØÜ âáäÜòÙ "ÜáÝÙßÜ ÜáîÞðäÝÚð"Ü áÜæ ?ÜáîÞáæáàìÝØÜ âáäÜò òÝáêÙä Üìîè áòæ ?ÜáîÞáæáàìÝØÜ

 çÜæ ?ðáßæÜ òááîïèÝì òðáßÙÙÝðìáÜ ðßÙè âáØ ?åáèÝðáÝè òÝòñð ðÝÙê òÝñï òÝáêÙ-?åáðàæðì 
 

;òÝðÝïæ .òÝðìéÜæ åááèãÛê åáðæØæ äê ééÙòá éðÝïÜ 
 
 

 ;ÜÛáæä òÝØîÝò 
ÜßäîÜÙ éðÝïÜ òæäñÜ åê: 

 
4.  åáØñÝèÙ òÝðìéÜæ òÝáàðÝØáò òÝØîÝò òÝÝñÜäÝ ßòèä ,ØÝðïä åòäÝãá òØ Ýðìñá åáàèÛÝàéÜ

.ÜïÝæê ÜÛáæää åáðÝñïÜ 
5.  åáàèÛÝàéÜ òÝáêÙä ÝæáØòáñ âã òÝæááï òÝáàðÝØáò òÝØîÝò äê òÝèÙäÝ ÙáßðÜä åáäÚÝéæ ÝáÜá

.òÝðßØ òÝáàèÝÝäð 
6.  äñ ÜèáßÙÝ çÝæáØ ,ÜááèÙÙ åáàðÝØáò åáäÝïáñ áÙÚä ðòÝá ÜÙÝà ÜáîáØÝàèáØ ÝäÙïá åáàèÛÝàéÜ

.ÜïÝæê òñð 
;çÝáîÜ ÙãðÜ 

70% àïááÝðì 

30%  òáÙ áðÝêáñ 

;òáäÚèØÙ éðÝïÜ åñ Theory Learningeep D Topics in 

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

 
Learning Outcomes: 



After the successful completeton of the course: 

1. The students 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 get better intuition regarding theortical considerations when building, 
training and testing a deep neural networks. 

 

 

 

 

 

159827  ÜðïÙÝ ÜÛáæä òÝãðêæÙ åáæÛïòæ åáØñÝè3 ðÚðÙèáÝ /è 2  'Ü 
)2 (òÝÛÝïè 

 

 ;Ø#ìñòÙ éðÝïÜ ØñÝèåáèÝòèÜ êÛæÙ ÜæÝñááÝ ÜÝÙÚ ÛææÙ òÝðÙòéÜ 
 

ðîÝïæ áðÙê åñ :ÜÝÙÚ ÛææÙ òÝðÙòéÜ  
 

;åÛï òÝñáðÛ åááØðïØ òÝòÝØ )044202( .éðÝï  ÜáîæðÝìèáØÜ òðÝòÙ)046733 ( äÙØ íäæÝæ.Ùááßæ Øä 
 áéáéÙ êÛá ñðÛèòáäèÝáîïèÝì ÜÞáäèØÙ. 

 

 

òáðÙêÙ éÝÙäáé;  åááæÝñááÝ åááêÛæ åáæÝßò åáÙð ÝÙáßðÜ ÜèÝðßØä òÝÛÝÜ åÜäñ òÝäÝãáÜ òìàêæ òØ
 ÜÝÙÚ ÛææÙ òÝðÙòéÜ äñ ÜáÚÝäÝÛòæÜ .Ùßðè åáèÝòè ëÝéáØäòðñìØæ áàÝàìæáéØ Øä ßÝòáèÝ  ÜèÙÜ

 äñ òáÛÝéá,ÜÞ êÛáæ áÝîáæä òÝáÝðñìØÜ  äñ åáäãÜÝ òÝèÝðïêÜ òØ Úáîá éðÝïÜ .åáêÝîáÙ ðÝìáñä êáèæ ßÝãÝ
 åÜáæÝñáá òØ åáÚÛáÝ ,òØÞ ÜáðÝØáò ÜïéÜ òÝáêÙ çÝÝÚæÙ.òáàéáààé ÜÛáæäÝ 

 
 

;ÛÝæáä áØñÝè 
1. Øä ÜïáàéáààéÝ ÜÝÙÚ ÛææÙ òÝðÙòéÜä ØÝÙæ-.òáàÝàìæáéØ 

2. òò åááØðïØ åáèòñæ-áØÝ åááéÝØÚ- çÝáÝáñHoeffdingòò åáèòñæ .-áØÝ åááãáðêæ- çÝáÝÝáñ

Bernstein áÙßðæ .Orlicz .ÚÝÝáéÝ âÝðêñ òÝáêÙÙ åáæÝñáá .åááØðïØ åáèòñæ äñ  

3. áØ-.ÜÞáðØÝ áÝéáã áðìéæ äê åáæéßÝ òÝòñð ,åááäæáéïæ òÝèÝáÝÝáñ  ÜáéðÚð òÝáêÙÙ åáæÝñáá
.òÝäáäÛ áØèò åê òÝáêÙÙÝ òáääã òáðØèáä 

4. áØ- áèÝáÝáñ åÝãé äñ ÞÝãáðæîáðàáòäÙ òÝ- òÝáÝäòáØÝ-çÝáÝÝáñ Bernstein  äñ ÞÝãáð .áîáðàæ

 äñ åáðÝàðìÝØ àìñæÝ òÝáØðïØ òÝîáðàæDavis-Kahan ,Üîáðàæ âÝðêñ äñ òÝáêÙÙ åáæÝñáá .

äÝàáÙ-) åááðïáê åáÙáãð ßÝòáèÝ ,òÝòñðÙ òÝäáÜï áÝÜáÞ ,ñêðPCA.( 

5. òÝèÝñ áÛÛæ äñ ÜáîÞáðÝÞèà òÝèÝãòÝ òÝáéáéÙ òÝèÝãò :òáàáéáààé ÜïéÜÙ éïæáèáæ áêÝîáÙ-

 äñ òÝðêñÜÜ áòñ òàáñ .òáèÝáîæðÝìèáØLe-Cam  òàáñÙ òÝðêñÜ ðìéæä ÜÙßðÜÝFano . 

6. áØÝ ,åááéÝØÚ åááØðïØ åáãáäÜò- äñ ÜØÝÝñÜ áèÝáÝáñSlepian ,Sudakov-Fernique ÜáîðÝèáæ .

 äñSudakuv. 

7. áðàæáéäÝàáÙÝ ÜáîÞ- äñ ðÝñðñÜ òàáñ .ÛÝæáîDudley. ÜÛáæÙ åáäÝÛÚ åáðìéæ ïÝß- .ÜÝÝñ

 Ûææä áÝéáã áðìéæ çáÙ åáðñïVapnik-Chervonenkis -- æäÜÜ  äñSauer-Shelah Ý ÜæäÜ äñ

Dudley .òáàéáààé ÜÛáæä äñ òÝáêÙÙ ÜääãÜ áæéß . 

 
 

 ;òÝðÝïæ 

1. High Dimensional Probability: An Introduction with Applications in Data Science, by R. 

Vershynin, 2019. 

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

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



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

(Yale), 2019. 

5. Probability in High Dimension, Lecture notes by R. van Handel (Princeton), 2016. 

 ;ÜÛáæä òÝØîÝò 
 

 ÜÝÙÚ ÛææÙ Üïáàáààé ,åáèÝòè ßÝòáè áñáßðòä åááàæòæ åáäÛÝæ çÛêäÝ äáäãÜä ,ßéèä ÝäãÝá åáàèÛÝàéÜ
äÝ áêÛæÜ ðïßæÜ òáÞßä åÝðòäÝ åÜäñ ßÝòáèä ÜÝÙÚ ÛææÙ òÝðÙòéÜ äñ åáäã äáêìÜä ,òáàéáààé ÜÛáæ

ÜÝÙÚ ÛææÙ åááØðïØ åáäÛÚ äñ åááÛÝßááÜ åáèááìØæÜ òØ Ýðáãá åáàèÛÝàéÜ .ÜÞ ØñÝèÙ. 

 
çÝáîÜ ÙãðÜ; 30%  ,òáÙ áäáÚðò70% .ðæÚ òÛÝÙê 

 

òáäÚèØÙ éðÝïÜ åñ;robability in high dimension P 

 

English syllabus: Numerous scientific fields have recently expanded their capabilities thanks 

to extensive data collection. The high-dimensional probability methodology enables an 

understanding of the fundamental limits of extracting information from such data. The course 

will present its elements, and demonstrate its applicability in statistical inference and learning 

problems.  

 

Topics: 

 

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

2.  SubGaussian random variables and Hoeffding's inequality. SubExponential random 

variables and Bernstein's inequality. Bernstein's conditions. Orlicz spaces. 

Applications in estimation and classification problems. 

3. Maximal inequalities. Nets, covering and packing numbers. Applications in 

unconstrained linear regression and under sparsity assumptions. 

4. Concentration of matrix norms. Concentration of sums of independent matrices, and 

matrix Bernsteinôs inequality. Davis-Kahan inequality. Applications in matrix 

estimation, matrix denoising, community detection, and principal component analysis 

(PCA). 

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

divergences. Le-Camôs two point method and multiple-hypotheses Fanoôs method. 

6. Gaussian random processes, and Slepainôs comparison inequality. Sudakov-Fernique 

comparison and Sudakov minorization. 

7. Decoupling and symmetrization. Dudleyôs chaining integral and uniform laws of large 

numbers. Connections between covering numbers and Vapnik-Chervonenkis 

dimension ï the lemmas of Sauer-Shelah and Dudley. Generalization bounds in 

statistical learning.  

 

 

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

mathematical models for data-science scenarions, high-dimensional statistics, and statistical 

learning. They will be able to utilize tools from high-dimensional probability to analyze them, 

and contribute to the forefront of research in these topics. The students will be acquainted with 

the unique characataristics of random structers in high dimension.  

 

 



 

159828  ÜÛáæä òÝãðêæÙ åáæÛïòæ åáØñÝè
 ÜðïÙÝ2  

 

 áÝä ÜÛÝÜá /ã 
 

2  'Ü 
)2 

(òÝÛÝïè 
 
åñ éðÝïÜ òèñÙ ì÷ñò ØñÝèÜ :ÜÛáæä òèÝÝïæ 
 

òÝêÝîïæ åÛï; òÝãðêæ òÝÛæÝä )0461959 ,(ØÝÙæ òÝðÙòéÜä )104034 ,(ÝØ åáéðÝï åáæÝÛ. 
 

éÝÙäáé òáðÙêÙ; 
åÝßò ÜÛáæäÜ òèÝÝïæÜ ðñìØæ ßÝòáè áàðÝØáò ßÝòáìÝ åáæòáðÝÚäØ åáäáêá ÜÛáæää.  
éðÝïÙ Ûæäè òÝèÝáêð åáäãÝ åááéáéÙ åÝßòÙ ,åáÚÛèÝ Ûîáã ñæòñÜä åáäãÙ ÝääÜ áÛã ðÝòìä òÝáêÙ 

åáæÝßòæ åáèÝñ çÝÚã ÜÛáæä òáàéáààé ,ÜáîÞáæáàìÝØ òðÝòÝ åáïßñæÜ.  
 

áØñÝè éðÝïÜ: 
-òááêÙ áßæÝæÜå 
-åòáðÝÚäØ ÛðÚÜáèáçÝÝïæÜ à 
-ÜáîÞáðäÝÚð ääãÜÝÜ 
-òÝáÙáàìÛØ òÝàáñ 
-òÝðæÜ ÜÛáæäæ òèÝÝïæ ÜÛáæää òáàéáààé áîÞáæáàìÝØäÝÜ 
-åáðñï òðÝòä åáïßñæÜ  
-òÝáêÙ åê ÙÝñæ áïäß  
 

 åáØñÝè:(çæÞÜ òÝäÙÚæ òðÚéæÙ) ÛæäèÝ çãòááñ åáìéÝè 
-òèÝÝïæ ÜÛáæää òáæáàìÝØ ÜñáÚ 
-áïäß ÙÝñæ åê òÝáðØèáä ÜàäßÜ òÝáêÙ 
- òÝáòê òÝðÛé äñ òèÝÝïæ ÜÛáæä 
-òèÝÝïæ ÜðïÙ 
-ÜäàÜ Øää òÝèÝÝïæ òÝàáñ 
- áïäß ÙÝñæ òÝáêÙä òÝáäéðÙáèÝØ òÝàáñ 
- òÝêïñÜ áïáò äñ òèÝÝïæ òðáßÙ 
-çÝàÝáè åòáðÝÚäØ çÝÝïæÜ 
 

òÝðÝïæ; 
¶ Nicolo Cesa-Bianchi, and Gabor Lugosi. Prediction, learning, and games. Cambridge 

university press, 2006 

¶ Shai Shalev-Shwartz.  Online Learning and Online Convex Optimization. Foundations 

and Trends® in Machine Learning, 2012, Volume 4, Issue 2 

¶ Elad Hazan. Introduction to Online Convex Optimization. Foundations and Trends® in 

Optimization, 2016, Vol. 2: No. 3-4 

 
Ýæã çã åáðæØæ åááèãÛê òÝðìéÜæ. 

 
òÝØîÝò ÜÛáæä;  
åê òæäñÜ éðÝïÜ ÜßäîÜÙ: 
 

1. åáàèÛÝàéÜ ÝèáÙá òØ òÝèÝðïêÜ äñ åÝßò ÜÛáæäÜ òèÝÝïæÜ ÝáÜáÝ åáäÚÝéæ ØÝðïä çáÙÜäÝ åáðæØæ 
åÝßòÙ. 

2. åáàèÛÝàéÜ ÝäãÝá ñæòñÜä åáäãÙ ÝÛæäáñ çÝðòìä òÝáêÙ òááèÙäÝ òÝàáñ ÜÛáæä òÝñÛß. 

 
 

ÙãðÜ çÝáîÜ; 

50% ïááÝðì ,à50% áðÝêáñ áÙò  

åñ éðÝïÜ òáäÚèØÙ;  Online Learning 

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 solve problems in statistical learning, optimization and game theory. 

Topics: 

-The experts problem 

-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) feedback problems  

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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ðÝèæ /ñ 
ðæò /Ø 

3 Ü 
*3 )òÝÛÝïè 

 
 éðÝïÜ ØñÝèØ#ìñòÙ :åáïÝÞáß åê ÜÛáæäÙ åáæòáðÝÚäØ 

;åÛï òÝñáðÛ  åäÝØ áäæðÝì åÛï çáØ .åáïÝÞáß åê ÜÛáæä äê ñÚÛÙ  ÜÛáæäÜ åÝßò åê òÝðãÜ ÜñÝðÛ 

 .ÛØæ áÝîð òÝáæØèáÛ òÝãðêæÙ çÝèãòÝ ÜÛáæä éðÝïÜ 

 
;òáðÙêÙ éÝÙäáé 

ÚäØä ñÚÛ çòæ âÝò åáïÝÞáß áÛá äê ÜÛáæää åááèãÛê åááæòáðÝÚäØ ðïÝé éðÝïÜ ÜïÝæê ÜÛáæä åáÙäñæÜ åáæòáðÝ
.åáïÝÞáß áÛá äê ÜÛáæäÝ 

 
 ;òÝðÝïæ 

òáèãÛêÜ òÝðìéÜæ åáðæØæ 
 

 ;ÜÛáæä òÝØîÝò 
 



7.  åÝßòÙ åááèãÛêÜ åáæòáðÝÚäØÜ òØ ðáÙéÜä äÚÝéæ ÜáÜá àèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê
 .åáïÝÞáß áÛá äê ÜÛáæä äñ 

8.  ðÝòìä äÚÝéæ ÜáÜá àèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê åê ÜïÝæê ÜÛáæä áÛá äê òÝáêÙ
.åáïÝÞáß 

çÝáîÜ ÙãðÜ ;40%  ,åÝáé òÛÝÙê60% òáÙ òÛÝÙê 

 

;òáäÚèØÙ éðÝïÜ åñ                                                           Algorithms for Reinforcement Learning 

English syllabus:   

The course present recent algorithms in the field of reinfrocement learning focusing on topics in deep 

reinforcement learning but also on other recent topics.  

 

Learning Outcomes: 

 

1. Learn the most recent algoriths in the field of reinforcment learning 

2. Be able to aolve significant engineering problems with reinforcement learning. 

 
Tentative Course plan: 

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 Learning (cont.) and DQN 

7. Concepts in Distributed Systems and Distributed RL  

8. RL for Board Games, Monte Carlo Tree Search 

9. Risk in RL 

10. Inverse RL 

11. Gaussian Processes in RL 

12. Model Based RL 

13. Basic PAC Bounds for RL 

 

 
159843  åáäÚÜ òðÝòÙ åáæÛïòæ åáØñÝè2   2 'Ü 

)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

êÝîïæ ÜÞ ÝèáÜ êÝîïæ åÛïòæ òðÝòÙ åáäÚÜ ïÝéêáÝ áØñÝèÙ ðïßæ åÝßòæ ÝïÝéáê äñ ÜîðæÜ.  
 
 
 

159857 òÝãðêæ ÝáÙ.òĔáäáÙàáéïØ ñ/ åÝðæ  2  'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 

 
;åÛï òÝêÝîïæ 

046209  - ÜèÙæ òÝãðêæ ÜäêìÜ ÝØ ÜèÙæ åáÙñßæ - 046267 ÝØ òÝãðêæ ÜäêìÜ - 234123 ÝØ ÜèÙæ 
åáÙñßæ åááòðìé - 234267 



 
 òáðÙêÙ éÝÙäáé 

ÜÞæ åááòØæ Üèñ ðòÝáÝ òÝÝÜæ òÝãðêæ ÝáÙ-òÝáäáÙàáéïØ ðÝïæ ÜØðñÜ ßÝòáìä åáäã òÝáðÝØáòÝ 
òÝáéÛèÜ .éðÝïÜ  çÝÝãæ òááèïÜä êÛá ëáïæ áèãÛêÝ êÚÝèÜ åáàÙáÜä åááäïáéáì åááéÛèÜÝ äñ òÝêìÝò 
òÝáäæñß åáØòÙ åááÚÝäÝáÙ åááäáÙàáéïØ ,ðñïÜÙ áÚÝäÝáÞáìÜ áàèÝÝäðÜ )Ùä ,ßÝæ ,ðáðñ Ûäñ ,åáðáðñ Øä 
åááèÝîð ,òÝæïð òÝáèáðïÝÛèØ.( 

;ÜÛáæä òÝØîÝò  

1. àèÛÝàéÜ äÙïá åáäã åááñêæ òÝèãòä SUPG åáîáØæã åáÙÝñáßä .åáääã 
 2. àèÛÝàéÜ êÛá çèãòä ñææäÝ òÝãðêæ òÝÙäñæÜ åáîáØæ .åááÙÝñáß 
 3. åáäã òèÙÜä ÜèÙæ ÜèãÝò ÜðæÝßÝ áîáØæÙ àäï- .àäì 
 4. ðïß åáØñÝè .åÝßòÙ  

Syllabus: 

THE COURSE COVERS CONCEPTUAL AND PRACTICAL ASPECTS PF COMPUTER 

SYSTEMS WITH COMPUTATIONAL ACCELERATORS, LIKE GPUS AND FPGAS THE 

COURSE WILL COVER HARDWARE ARCHITECTURE, PROGRAMMING MODELS, 

INTERACTION WITH I/O DEVICES, OS AND PROGRAMMING ABSTRACTIONS, 

SYSTEM SECURITY IMPLICATIONS AS WELL AS THE DESIGN AND 

IMPLEMENTATION OF COMPLETE ACCELERATED SYSTEMS. 
Learning outcomes: 

THE STUDENT LEARN TO: 

 1. PRACTICAL GPU PROGRAMMING SKILLS. 

 2. DESIGN AND IMPLEMENTATION OF ACCELERATED SYSTEMS 

 3. SOFTWARE AND HARDWARE DESIGN OF I/O ACCELERATORS, SUCH AS HIGH 

PERFORMANCE NICS AND NVME STORAGE 

 4. UNDERSTANDING RESEARCH IN THE FIELD. 
 
 
 

159858  åááÚÝäÝáÙ òÝãðêæÝ òÝòÝØÙ ÜÛÙêæ 
 

òðÝì /æ  4 ,'æ 
)2 (òÝÛÝïè 

 
;åÛï êÝîïæ 
046326 - ØÝÙæ òÝòÝØä òÝãðêæÝ .åááÚÝäÝáÙ 

;åáîäæÝæ òÝêÝîïæ 
048820 - ÜÞáäèØ äñ òÝòÝØ .åááÚÝäÝáÞáì 
046331 -  òðïÙ òÝãðêæ .òÝáÚÝäÝáÞáì 

046332 ï .ÜêáæñÝ ÜááØð òÝãðêæ 
 

ÜÞáäèØ äñ òÝãðêæ ßÝòì  .òÝáÚÝäÝáéáì òÝàáñ áÝÜáÞä òÝáèÙò òÝòÝØ çÝßÙØ òÝðàæä  òÝäßæ 
)EEG , ECG ,EMG ,ERGçÝèãò ,(çáêÜ òêÝèò òÝòÝØ , òáèÙÝ ñÝðÛÜ ðÝñãæ  ðïßæÙ áÚÝäÝáÞáì  .áèáäïÝ

òÝÛáÛæ åáðàæðì åááÚÝäÝáÙ ÜÞáäèØÝ åòÝÙáñß äñ òÝãðêæÙ ßÝòì  .òÝáÚÝäÝáÙ åáäÛÝæ äñ òÝãðêæ 

òÝáÚÝäÝáÙ äê åòèáßÙÝ áÛá áÝæÛ  áòðìé  .áÚÝäèØÝ 
 

 

048750  åáæÛïòæ åáØñÝè Ùñßæ çÝèãòÙ2  2  'Ü 
)2 òÝÛÝïè( 

ÜèñÜ çòèáá Øä 
 

 ;åÛï òÝñáðÛ  
046209 -  ÝØ ÜäêìÜ òÝãðêæ ÜèÙæ 
234123 - ÜäêìÜ òÝãðêæ 

 
044334-òÝòñð åáÙñßæ àèðàèáØÝ 1 . 

 
 



) ÜáîïáäìÝÛáÛ òÝïáèãà åÝñáÙ ïÝéêá éðÝïÜdeduplication àðéÜ ÙßÝðÙ áòÝêæñæ çÝãéáßä òÝñæñæÜ (
 äÛÙÜÜÝ ðñïÜ äê ÛÝæêè ÝèØ .çÝéßØ òÝãðêæÙ çÝðãáÞÜ áòÝêæñæ ßìèÙ çÝãéáßÝ åáÙñßæ òðÝñïòÙ ñðÛèÜ

 äê ÜêìñÜÜ òØ ðÝïéèÝ ,(ÜèòñæÝ êÝÙï òÝéáì äÛÝÚ) òÝèÝñÜ òÝïáèãàÜ äê ðÝÙêè ,ÜéáßÛä ÜáîïáäìÝÛáÛ çáÙ
èñÙ òãðêæÜ òðÝàïàáãðØ.òÝãðêæÜ áÚÝé á 

 .åááðïßæ åáðæØæ äñ òáòÝðïáÙ ÜØáðï äê ñÚÛ åñÝá 
;òÝäàæ 

 ã òñÚÜ ,åáðæØæ òØáðï10  êïð ääÝã ,ÛßØ ðæØæ äñ Üìáïæ ÜÚîÜ ,åáðæØæ äê àÝìáñÝ åÝãáé òÝ"ßÝÛ
  .òÝðìéÜæ 

 
 ;òÝðÝïæ 

.òÝðìéÜæ åáðæØæ 
:òÝØæÚÝÛ 

A. Muthitacharoen, B. Chen, and D. Mazi¯res. ñA low-bandwidth network file systemò 

In Proceedings of the eighteenth ACM symposium on Operating systems principles (SOSP 

'01), Pp: 174-187, 2011 
 
W. Li, G. Jean-Baptise, J. Riveros, G. Narasimhan, T. Zhang, M. Zhao òCacheDedup: In-line 

Deduplication for Flash Cachingò, In 14th USENIX Conference on File and Storage 

Technologies (FAST 16), Feb., 2016, pp. 301-314 

 

;ÜÛáæä òÝØîÝò 
 òáÞßä Ýìñßá åáàèÛÝàéÜ ÜØáðï ÝäÚðòá åÜ ,ëéÝèÙ .çÝéßØÝ òðÝñïò òÝãðêæ çÝèãáò åÝßòÙ ðïßæÜ

 âÝòÙ ðæØæ äñ ÜæÝðòÜ òØ ÚáîÜäÝ çáÙÜä âáØÝ ,äáÙÝæ áðïßæ ðæØæÙ åáìîæ Üæä ÝÛæäá ,òáòÝðïáÙ
.åÝßòÙ òÝÛÝÙê äñ ÙßðÜ ðñïÜÜ 
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ÜèñÜ çòèá Øä 
 

;åÛï êÝîïæ 
044191-  ÜðïÙ òÝãðêæ1  (ÜîðæÜ ðÝñáØ ÝØ)  

 ;ÜÜÞ êÝîïæ 
) òáäæáàìÝØ ÜðïÙ048756(  

 
 .åáèòñæ ðìéæÙ òÝáîïèÝìä ÜÙßðÜ .òÝáæØèáÛ òÝãðêæä ÜáîÞáæáàìÝØ òÝáêÙ .òÝáîØáðØÝ çÝÙñßä ØÝÙæ
 .òÝáðØäÝÚèáé òÝáêÙ .áäæáàìÝØ ÙÝñæ .äÝäéæ áîÝäáØ åê òáæØèáÛ ÜáîÞáæáàìÝØ .åÝæáéïæÜ çÝðïê

Ýñæ ßÝòáè ,àÝÝáè äñ åáæÝßòÙ ääÝã ,òÝØæÚÝÛÝ åáñÝæáñ .áæØèáÛ òÝèãò äñ òÝáïäß òÝáäØáîèðìáÛ òÝØÝ
 .òáàéãÝàéÜ ÜðïÙÜ òðÝòä ØÝÙæ .åááäØáîèðìáÛÜ åáïßñæÜ òðÝòä ØÝÙæ .çÝæáæÜ òðÝòÝ òÝèÝæò 

 
;òÝðÝïæ 

1. Bryson, Arthur E. Applied Optimal Control: Optimization, Estimation, and Control. Wiley, 1975. 

s.n. 2008311 

2. Athans, Michael. Optimal control: An introduction to the Theory and its Applications. McGraw-

Hill, 1966. s.n. 209788. 

3. The Mathematical Theory of Optimal Processes. Pontriagin, Lev S. et al. Interscience, 1962. s.n. 

2011774 

4. Leitmann, G. The Calculus of Variations and Optimal Control: An Introduction. Plenum, 1981. s.n. 

213834. 

 

159871 òðÝñïòÙ ñßð òÝêìÝò 
 

ñ/ áØæñ 2  'Ü 
)2 (òÝÛÝïè 

ÝÞ ÜèñÙ çòèáá Øä 
 



;åÛï êÝîïæ 
046206 - òðÝñïò òáòðìé 

 
ÚÝîá ïÝðì  .åáãáäÜò çèÝÜðï-áàìñæ ,ÙØÝä òÝòÝØ ,ÜæáÚÛ Øä òÝäÝêì  .åááàáäèØ òÝáðØèáä äê  ,åáãáäÜò

òàáñ áðÙêæ  .åðÝìéèðàÜ Üæð äñ ëé ñêð  .åáãáäÜò çÝèìØÙ ðÛò áìä áãáäÜò  .éááð ÜÛÝïè. 
 

;òÝðÝïæ 

1. Davenport, W.B. and Root, W.L.: "An Introduction to the Theory of Random 

           Signals and Noise". McGraw-Hill, 1958.  rec. 210474. 

2. Viterbi, A.J.: "Principles of Coherent Communication". McGraw-Hill, 1966.  rec. 

           2014443. 

3. Papers from current literature. 

 

159882  òáòðìé òðÝñïòÙ åáïðì2  
 

 2  'Ü 
)2 (òÝÛÝïè 

 
ÝÞ ÜèñÙ çòèáá Øä 

 
;åÛï òÝñáðÛ 

046206 -  òðÝñïò òáòðìé 
 
 

éÝÙäáé : äñ òÝáæáèì òÝäìãæ ,àðé áäÙÚÝæ òÝòÝØ òæáÚÛ ,éáéÙ éìÙ àðé áäÙÚÝæ òÝòÝØ ÚÝîáá ,ÜæÛïÜ
éáéÙ éìÝ ðÙêæ éìÙ òÝòÝØ. áèÝèìØ .òáìÝé ÜáÚðèØ áäêÙ òÝòÝØ äñ ÜáðàæÝØáÚÜ 

PAM & QAM 

òáðÝÚäØ òðÞêÙ áäæáàìÝØ áòðÛé âÝðêñ, ÜØáÚñÜ òÝðÙòéÜ äê åáæéß ÜêðìÜ åê åáîÝðê çÝáìØ ,áÙðàáÝ å

ÜäØ åáîÝðêÙ òÝòÝØ áÝäáÚ âðÝîä áÙðàáÝ åòáðÝÚäØÙ ñÝæáñÝ òáèæáé çáÙ, 

òáòðìé òðÝñïòÙ òÝáêÙä åáæðÝÚ ëðÚÙ ñÝæáñ ,åáäÚòéæ åáèáÝÝñÝ ÙÝñæ åêÝ åáðØèáä åáèáÝÝñ 

  

. 
Syllabus: 

ÅIntroduction to data transmission. 

ÅBaseband representation of passband signals. 

ÅSampling passband signals. 

ÅInner products in baseband and passband. 

ÅThe geometry of the space of energy-limited signals.  

ÅPulse Amplitude Modulation (PAM) and Quadrature Amplitude Modulation (QAM): energy, 

power, and power spectral density. 

Å Nyquist Pulses. 

ÅBounds on communication rates over dispersive Gaussian channels.  

ÅOptimum sequence estimation using the Viterbi algorithm. 

ÅCharacterization of intersymbol interference, the application of the Viterbi algorithm, and 

performance evaluations using Chernoff bounding techniques. 

ÅLinear and decision feedback equalization. Recursive algorithms for adjustment of tap gains. 



ÅFactor graphs and some applications in digital communications. 

 Textbooks: 

1) A. Lapidoth, A Foundation in Digital 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. 

 
1598:1  Üîßæä åáãáäÝæ äñ òÝáàìÝØ òÝèÝãò  2  'Ü 

)2 (òÝÛÝïè 
/ÜèñÜ çòèáá Øä 

 
;åÛï êÝîïæ 

 
046224 -  Üïáéáì äñ åáãáäÝæ ÝØ ,Üîßæä ðÝñáØ ÜîðæÜ. 

 
åÞáäæðÝì áéáéÙ äñ ÜáîïØðàèáØ äñ ðÝØ åñÝá  .åáïîÝæÝ ñÚÛ äê Üîßæä åáãáäÝæ, ääÝã ßÝÝÛ äê òÝàáñ 

Ýääãá  .òÝáèÝáéáè åáØñÝèÜ åáÛßÝáæÜ ÝàèÚæ :åáØÙÜ-ÜïáàìÝØ ,ÜïáàìÝØ Øä åáðÞááä ,òáðØèáä äñ òÝðÝÙ 

.åááàèÝÝï 

 
;òÝðÝïæ 

 

1. Moss, T.S., Burrell, G.J. and Ellis, B: "Semiconductor Optoelectronicsò. 

               Butterworth, 1973. rec. 2011782. 

2. Yariv, A.: "Optical Electronics". 4th. ed. Holt, Rinehart and Winston, 1991. 

               rec. 2108918. 

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

              Electronics". 1976. rec. 7882. 

4. Current Publications. 
 

59922  åááèÝðàïäØ åáèïòÜÙ ñêð 
 

 2  'Ü 
)2 (òÝÛÝïè 

 ØäÜèñÜ çòèáá/  
 

;åáîäæÝæ åÛï òÝêÝîïæ 
044127 - áèïòÜ åáãáäÝæ Üîßæä. 
044202 -  òÝòÝØ åááØðïØ. 

 

åáÚÝäáì  :ØÝÙæ áàìñæ ,åááàéáààé òÝìáìîÜ ïìéÜÜ  òØÝÝñæ ,òáäðàïìéÜ LangevinðñïÜ , 
Fluctuation-Dissipation RelationåáæÞáèãæ  . åááéáéÙ äñ ñêð :ñêð ) áæðòNyquist (- òÝßãÝÜ ñêð ,òÝèÝñ 

ñêð ,ÛðÙ ÜáîðèÚ - ÜáîèáÙáæÝïð åáãáäÝæÙ Üîßæä. 
ñêð òæÝîÙ PN ðÝàéáÞèðàÙÝ áðäÝìáÙ - åáäÛÝæ òÝæãé ,åáàðÝìæ ÜðÝæò áæðò ñêð ,ñêðä ðÝàéáÞèðàÙ 

MOSñêð , .òäÝìæ 
åáäÛÝæ åááääã åááäïáÞáì åááàæòæÝ  ñêðäf/1 ñêð ,f/1 Ù- MOSFER ñêð ,f/1  ñêð ,åáÛÚèÙf/1 

.åáèÝñ åááèÝðàïäØ åáèïòÜÙ 

ñÝæáñ òÝÛáÛæÙ ñêð çÝßÙã ñáÚð åáàïìÛä áèÝèÚæäÝ ÜáîÛðÚÛ åáèïòÜÙ åáèÝðàïäØ,  ÜáìÝïéÝðàïìé äñ 

òÝæð ÜáÚðèØ äñ åáÙîæ âáäÝæÙ Üîßæä òðÞêÙ òÝÛáÛæ  ñÝæáñ  .ñêðòÝÛáÛæÙ ñêð åáèïòÜÙ åáðáêÞ 

òÝèèÝÙòÜä åáêÝðáØÙ åááæèáÛ .(Üðáïé) åááìÝïéÝðïáæ 

ñêð òÝãðêæÝ òðìé ,òÝáðØèáä òÝïáèãà ,ñêð òÝïáèãà ,çÝáìØ  ñêð òèàïÜäf/1  .åáðÙÚæÙ 
 

;òÝðÝïæ 
1. "Noise in electronic devices and systems", M. J. Buckingham, John Wiley &  

                   Sons Press, 1983. 

2. "Noise and the solid state", D. A. Bell, Pentech Press, 1985. 



3. "Noise in solid state devices and circuits", A. Van-der Ziel, John Wiley & Sons 

                  Press, 1986. 
4. "Papers from the scientific literature. 

5. "Probability, random variables, and stochastic processesò. A. Papoulis, McGraw- 

         Hill, 1984. 

6. "Random data", J. S. Bendat and A. G. Piersol, John Wiley & Sons Press, 1986. 
 

 
048812  òÝîÝæßò äñ åáèïòÜÝ ÜïáÞáì åÝäÙèðÝï /ä 

 
2 'Ü 
)2 (òÝÛÝïè 

 
 áðÙê åñðîÝïæòÝîÝæßò äñ åáèïòÜÝ ÜïáÞáì :  

 
;åÛï òÝñáðÛ  

 .áæñð åÛï çáØ 
 éðÝïÜ ðÚÝÙ äñ êïð åê ØÝÙä âáðî àèÛÝàéÜ044125 òÝÛÝéá áèïòÜ åáãáäÝæ Üîßæä æ' . ØÝÙæ áéðÝï

"äæÙ åáðßØ çÝÚã) åáØòÜä åáäÝãá æ315030.( 

 

 òáðÙêÙ éÝÙäáé 

 òÝîÝæßò äñ åááÝÝñãê åáæÝñáá ðïÝé éðÝïÜÜïáèÝðàïäØÝðïáæÙ åÛïæ áäêÙ åáðæÝß äê ñÚÛÙ ,
.åáðÝàéáÞèðàÙ ÜÝÙÚ áðàïäØáÛ  åñæâáñææ éðÝïÜ ðÝØáòä åáæÝñááÜÝ ÜïáÞáìÜ  òÝîÝæßò äñ

òÝáäèÝáîïèÝì òáèÝðàïäØ ÜáîäðÝï òÝäêÙ òÝèÝãòÜ áðÝßØæ ÜïáÞáìÜ äñ åáàÙáÜ Ùäñæ éðÝïÜ .
åáàÙáÜ åê òÝîÝæßòÜ äñ òÝÛßÝáæÜ òÝáèÝðàïäØÜ åááàïðì äñ äÝÛáÚ òÝÙãñÜ, òÝØæÚÝÛÝ åáèïòÜä 

åááèÝðàïäØ. 
 

áïðì ÜÛÝæáä  
1. ÝæßòÜïáèÝðàïäØÝðïáæÙ çÝïáäáé òîÝæßò :ÜïáèÝðàïäØÝðïáæÙ åáÛÛÝÙæã òÝî 

2. ÝæßòáäêÙ åáðàïäØáÛ :ÜïáèÝðàïäØÝðïáæÙ åáÛÛÝÙæã òÝîhigh-k  ÜïáÞáì ,ÜáîÙàÝæ ,
.åááèðÛÝæ åáèïòÜÙ ÜÛÝÙêÜ òáîïèÝì äê Üàáäñ ,ÜáÚÝäÝèãàÝ 

3.  òàáñä ØÝÙæALD òÝïÛ òÝÙãñ êÝïáñä 

4. òáèÝðàïäØ ÜáîäðÝï òÝäêÙ òÝáàáïéÙÝðì òÝîÝæßò äñ òÝèÝãòÝ ÜïáÞáì 
o áéáéÙ áèÝðàïäØ ÜèÙæ ,áñáÙÚ ÜèÙæ ,ðÝØáò 

o  áÛÛÝÙæ äñ ÜïáÞáìMottòãòæ áðÙêæ ,-òÝØæÚÝÛ ,ÛÛÝÙæ 

o çáìé áÙîæÝ òÝîÝæßò ÚÝÝáé ,òÝáèÝðàïäØ òÝáîðÝÚáìèÝï 

o  òæãéæ ÜæÚÝÛ- èæÜ òßìñæ òÝÝáê :éàááèÚJahn-Teller ,òÝáàèÚæ òÝÞØìä ðîï ØÝÙæ ,
 òÝêìÝòDouble Exchange ,CMR .çÜáèáÙ ðñïÜÝ 

5. òáèÝðàïäØ ÜáîäðÝï òÝäêÙ òÝîÝæßò äñ òÝïÛ òÝÙãñ 

o ÝÛ åáèÝðàïäØ ÞÚ-) áÛææ2DEG åáäÛÝæÜ òñÝäñ ,òÝèÝãòÜ ðÝØáò :òÝîÝæßòÙ (
ÝÛ åáèÝðàïäØ ÞÚ áééÝÙæ åáèïòÜ ,åááäïáÞáìÜ-áÛææ 

o áñ åáòÝÝêæ òÝêîæØÙ òÝîÝæßò äñ òÝèÝãòÜ òéÛèÜä òÝïÛ òÝÙãñÙ ñÝæ
.òÝØæÚÝÛÝ ÜïáÞáì .åááäØáéïàáìØ 

o Field effect òÝïÛ òÝÙãñÙ 

6. .ÜáÚÝäÝèãàÝ ÜïáÞáì .òÝîÝæßò äñ áäØáéïàáìØ äÝÛáÚä òÝáðïáêÜ òÝàáñÜ äñ Üðáïé 

7. æÚÝÛÝ ,òÝèÝðòì ,åáðÚòØ :Üîßæä åáãáäÝæ äê òÝîÝæßò äñ áäØáéïàáìØ äÝÛáÚ.åáæÝñááä òÝØ 

 
òÝðÝïæ  

 

Á Chapter 1: E.H. Nicollian, J.R. Brews, ñMOS (Metal Oxide Semiconductor) Physics 

and Technologyò, Wiley (1982). Chapter 13  

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

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

Á Chapter 4:  

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



J.M.D. Coey, ñMagnetism and Magnetic Materialsò, Cambridge University Press 

(2010) 

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

Á Chapter 5: 

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

S. Catalano, M. Gibert, V. Bisogni, O.E. Peil, F. He, R. Sutarto, M. Viret, P. Zubko, R. 

Scherwitzl, A. Georges, G.A. Sawatzky, T. Schmitt, and J.-M. Triscone, APL Mater. 2, 

116110 (2014) 

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

for Logic: A Reviewò, Critical Reviews in Solid State and Materials Sciences 38, 286 

(2013) 

Á Chapter 6: 

L.W. Martin, Y.-H. Chu, R. Ramesh, ñAdvances in the growth and characterization of 

magnetic, ferroelectric, and multiferroic oxide thin filmsò, Mat. Sci. & Eng. R 68, 89 

(2010) 
 

Á Chapter 7: 

A.A. Demkov, A.B. Posadas, ñIntegration of Functional Oxides with Semiconductorsò, 

Springer, New York City, NY, (2014) 

 
 ;ÜÛáæä òÝØîÝò 

 éðÝïÜ òæäñÜ åê 
1.  åááßãÝè åáèïòÜÙ çÜáæÝñááÝ ,åáèÝðàïäØ åáðæÝßã òÝîÝæßò åê ÜÙßð òÝðãáÜ ÜáÜò àèÛÝàéä

åááÛáòêÝ 

2.  ÜèÙæä (ÙãðÜ ,áæÝàØ ÜèÙæ) ðæÝßÜ òÝèÝãò çáÙ ðñïÜ òØ ðáÙéÜä äÚÝéæ ÜáÜá àèÛÝàéÜ
 .çÜáðÝßØæñ ÜïáÞáìÜ òØ ßòèä êÛáÝ ,òÝÚîááæ òÝØæÚÝÛ ðìéæÙ áèÝðàïäØÜ 

3. .åááÛáòê åáèïòÜÙ òÝîÝæßò äñ òÝáñÝæáñÜ òØ ðáÙéÜä òäÝãá ÜáÜò àèÛÝàéä 
 

çÝáîÜ ÙãðÜ; 
) ì"êÙ çßÙæ80%( òáÙ áäáÚðò áèñÝ )20%(. 

 
 òáäÚèØÙ éðÝïÜ åñ 

Oxide Physics and Devices 

 

English syllabus:   

The course presents current applications of oxides in microelectronics, focusing on high-k 

dielectrics in CMOS technology. The course then address the physics and applications of 

functional oxides. The course interweaves aspects of the physics underlying the unique 

elecronic properties of the oxides with practical aspects of oxide growth and examples of 

integration in electronic devices. 
 

Topics  
 

1. Oxides as insulators in: silicon oxide in microelectronics 

2. Oxides as insulators: high-k dielectrics, motivation, physics and technology. 

Workfunction engineering in modern devices. 

3. Introduction to atomic layer deposition (ALD) 

4. Physics and properties of correlated electron perovskite oxides 

o Introduction, crystal structure, basic electronic structure 

o Physics of Mott insulators, metal-insulator transitions, examples 

o Electronic configuration, classifying oxides and spin states 



o Concluding example: manganites. Jahn-Teller distortion, introduction to 

magnetic phases, the relation between double exchange and colossal 

magnetoresistance (CMR). 

5. Thin films of correlated electon oxides 

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

o Using epitaxial strain for engineering the properties of oxides. Physics and 

examples. 

o Field effect 

6. Review of the key methods of oxide epitaxy. Physics and technology. 

7. Oxide epitaxy on semiconductors: challenges, solutions and examples of application 

Learning Outcomes: 
At the end of the course: 

1. The student will have a broad perspective on oxides as electronic materials and their 

applications in current and future electronic devices.  

2. The student will be able to identify the relations between the material properties (atomic 

structure, composition) with the electronic structure in several case studies, and explain 

their underlying physics.  

3. The student will be able to explain the prospects and usefulness of functional oxides in 

future electronic devices. 
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ÜèñÜ çòèáá Øä/ 
 

;åÛï òÝêÝîïæ 
044140 -  òÝÛñ .åááàèÚæÝðàïäØ 
044148 -  åáäÚ òÝãðêæÝ .òÝÚäÝìæ 

 
ÝðßÙá åáØñÝè âÝòæ ÜæáñðÜ òìðÝîæÜ åÝØòÙ åê ã .åáàèÛÝàéÜ- 20% çæ ÝñÛïÝá çæÞÜ òÝñáÚìä 

òÝáèÝáðèáæé ðØñÜÝ ï åáØñÝèÜ  .òÝØîðÜä ÝêÙïá áÛæ áìä ðàéæé òáàè åáêæÝñÜ âãáìäÝ ÜæáñðÜ ØáÜ 

òáÙáààèà .ÛÙäÙ 

ÜïáæèáÛÝðàïäØ äñ åáìÝÚ ÜèáðïÜ .ÜêÝèòÙ òáéäïÜ äñ çêàæÜ äê .åááàèÚæÝðàïäØ åáäÚ .íØÝæÜ-

òÝàñìòÜ ,åáäØáîèàÝì áäÚ åäÜ òÝßãÝèÙ ðæß òÝàñìòÜ ,áàèÚæÝðì áäÚ åäÜ òÝßãÝèÙ ðæß äê- ,âáäÝæ
áèïòÜ òðÝéæò äê-åááðàïäØáÛ  ,åáãáäÝæ ÝòÝÛÝéá  .åááÙáé âÝãéÜ. 

 

;òÝðÝïæ 
 

1. Kong, J.A.: "Electromagnetic Wave Theory". Wiley, 1986. rec. 2011330. 

2. Balanis, C.A.: "Advanced Engineering Electromagnetics". Wiley,  1989.  rec. 2076291. 
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 çòèáá Øä/ÜèñÜ 
 

 ,Üàáäï ,ðÝÛáñÙ åáãÝðãÜ åááæÝñááÝ åááàðÝØò ,åáæÛïòæ åáØñÝèÙ ïÝéêáñ áèÝáðèáæé éðÝï 
.ÜîðæÜ äñ ðïßæÜ åÝßòÙ åáØñÝè ÝñÚÛÝá .åáäÚ ðÝÞáìÝ òÝàñìòÜ 

 
 

159927  òÝòÝØ ÛÝÙáêä ÜÛÙêæ 
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;åÛï òÝêÝîïæ 
046745 ï  ,ÝØ òÝòÝØ äñ áòðìé ÛÝÙáê 

048860 ï .òÝèÝæò ÛÝÙáê 

 

ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáñïÙæÜ êîÙä åáàïááÝðì åÝßòÙ äñ ÛÝÙê ðßØä òÝòÝØ ÛÝæä êÝîïæ åÛïÜ 

òÝêÝîïæÝ åáðßØ áÛÝæäÙ) ÜãæéÜ/ ,(åáãæéÝæ ðñØ äê ÝêÙïá áì åáØñÝèÜ åáàïááÝðìÜ  .ÝêîÝáñ ÝáÜá çÜ 

åÝßòÙ äñ ) ÜðæßHardwareòÛßÝáæ ( ÛÝÙêä òÝòÝØ ñÝæáæ) áÚÝäèØ ,áòðìé ÝØ çÜÝ (áÛðÙáÜ åÝßòÙ äñ  ðïß
åáæòáðÝÚäØ ÜèãòÝ ÛÝÙáêä òÝòÝØ òÝêîæØÙ òÝãðêæ åáÙñßæÜ ÜÛÙêæÜ  .ÜÛÙêæÙñ ÜÝÝÜæ âðÛÙ ääã 

Ùäñ çÝñØð ñÝÙáÚÙ ØñÝè ðïßæ  .åÝßòÙ 
 

 
15992:  òæÛïòæ òáèãà ÜïáæèáÛÝðàïäØ3   2 'Ü 

)2 (òÝÛÝïè 
ÜèñÜ çòèáá Øä/ 

 
;åÛï òÝêÝîïæ 

044140 -  òÝÛñ åááàèÚæÝðàïäØ. 
044148 -  åáäÚ òÝãðêæÝ òÝÚäÝìæ 

 
áìÝØ éðÝïÜ ÝïäßÙ ÝêÙïá  .áèÝáðèáæé áÛæ åêì åáØñÝè áìä òÝèááèêòÜ òÝàñìòÜ .àèÛÝàéÜ åáäÚ âÝÝòÙ  ,êè

òÝàñìòÜ åáäÚ åááðÝñáæ âÝÝòÙ áèÚÝæÝÜ åáäÚ ,áìÝðàÝÞáØèØ åááðÝñáæ âÝÝòÙ áòÙãñ - áòäÙ  ,áèÚÝæÝÜ

òÝàñìòÜ åáäÚ âÝòÙ  .Üæéäì 
 

;òÝðÝïæ 

1. Kong, J.A.: "Electromagnetic Wave Theory". Wiley, 1986. rec. 2011330. 

2. Balanis, C.A.: "Advanced Engineering Electromagnetics", Wiley 1989. rec. 

         2076291. 

 
 

159934  åáäÚÜ òðÝòÙ òÝáàáäèØ òÝàáñ2  
 

Ø/ çááàñìØ 2 'Ü 
)2 (òÝÛÝïè 

 
ÜÚîÜ òáäÛÝæ äñ òÝèÝðòì ÜÛñ ÜáßèÜ  ÝáòÝðÝïæÝ ÜèáðïÝ åáèÙæÙ áäÚ  .åááòÙãñ ßàñ åáäÚÝ ðÝØò .åáÚáäÞ 

áæÝßòÙ ðÛòÜ ðÝØò .çæÞÜÝ  òàáñ Cagniard-de hoopòÝÚîÜ òÝáÙáàèðàäØ òÝáîïèÝìÝ çáðÚ   .òÝáèáìÝØ

ÜáîðÚàèáØ ðÝñæÙ òÝïáèãà :áéïäìæÝïÜ òáîðÚàèáØ ,òÝáàÝàìæáéØ òÛÝïè òÝæÝðò ;ëãÝØ òÝáðäÝÚèáé 

ÜðÝòÜ .áðàæÝØáÚÜ çñÝðìÝ òáðàæÝØáÚÜ ÜáîïðìáÛä )GTD :( òáîïðìáÛ åáäÚ ,ÜÛÝïè òáîïðìáÛ ,Üîï 

åáäÚ ,åáäßÝÞ ÜáßèÜ ,åááäðàä ÜèáðïÝ åáèÙæÙ åááðÝÞßæ  àìñæÝ FloquetÜèßïäò òÝØæÚÝÛ . áæÝßòæ 

åÝñáá åáèÝñ òðÝò  :çÝÚã ãæ ,ðÝÞìÜ òðÝò ,òÝèàèØÜ"ÜïáàìÝØ ,ðèÝé ,å .ÜïáÞáìÝØáÚÝ 

 
 ;ÜðêÜ 
åÝßáòÜ çáÙ 048823 Ý048824-  áÝñê òÝáÜä ÜèÝñ ðØÝòæÜæ. 

 
;òÝðÝïæ 

Jones, D. Methods in electromagnetic wave propagation. Clarendon Press, 1979.  

s.n. 2011763. 
 
 
 
 
 
 
 

159936 ñ òÝáæèáÛ òÝãðêæÙ áÝÜáÞÝ âÝðê 
 

 2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

êÝîïæ ;åÛï 
044202 -  òÝòÝØ åááØðïØ 

;åáîäæÝæ òÝêÝîïæ 
044191 -  ÜðïÙ1  ,ÝØ 



046201 ï .åááØðïØ òÝòÝØ ÛÝÙáêä ØÝÙæ 
 

 .áàéáààé âÝðêñÙ ÛÝéá áÚñÝæòÝáàéãÝàé òÝãðêæ ÚÝîáá.  :òÝáðØèáä òÝãðêæÙ ÙîæÜ âÝðêñ .ðèáÝ çèéæ

 .Ûáæòæ ÙîæÙ òÝèÝãò ,áàïáð òØÝÝñæ ,çæäï çèéæÜïäßÜ áÝÞáßÝ Øä òÝãðêæä ääãÝæ çæäï çèéæ  .
  .òÝáðØèáäåáïáïäß áèèéæ . .åáÙÝðæ åáäÛÝæÙ ñÝæáñ 

ä ØÝÙæòÝãðêæ áÝÜÞ. ) åááàðïéáÛ åááÙÝïðæ åáäÛÝæHidden Markov Models åòáðÝÚäØ .(EM  âÝðêñä
.åáðàæðìÝ Ùîæ äñ ëòÝñæ 

ááØð ,ðÝÙáÛ áÝÜáÞ ,òÝòÝØ ÛÝÙáê ,ÜÙáïê ,àÝÝáè áæÝßòÙ åáñÝæáñ.åáèÝðááè òÝòñðÝ ,òÙñßÝææ Ü 
 
 

;òÝðÝïæ 
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. Prentice-Hall, 1979.  

      s.n. 209754. 

3. Ljung, L. System identification: Theory for the User. Prentice-Hall 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 Nonlinear Approaches. Wiley, 2006. 

s.n. 2290127. 

 
 

159939 ÛÝÙáê òÝòÝØ ßÝòáèÝ áÙßðæåá çÜã /á 
 

2 'Ü 
)2 (òÝÛÝïè 

 
ðîÝïæ áðÙê åñ:(  êáÛÝÙ áÙßðæ 

 
;åÛï òÝñáðÛ  

044198  òÝòÝØ äñ áòðìé ÛÝÙáêä ØÝÙæ 
044202 åááØðïØ òÝòÝØ 

 
 òáðÙêÙ éÝÙäáé 

ÛÝÙáê  áÙßðæäñ áãðêæÙ òÝòÝØ åáØäÚ  ,ðÛòÜ åÝßòÙÝ çæÞÜ åÝßòÙòò-Ùßðæåá äñ òÝØÜ äñÝ  ,ñêðÜ
áÙîêæ ÜæÝäØ áÛÛæ ,åááäæáàìÝØ äñ Ùáà  ,òáÙßðæ òÝáèÝÝáã ,åááÙßðæ åáäÝìáï ,åáãðêæMVDR ,LCMV ,
GSCâÝðêñ , çÝÝáã ÜêÚÜÜ âÝðêñÝ ñðìÜ áèæÞ  çãò ,áäØáîèðìáÛ ÜæÝäØ ÙÝîáê ,äÚòéæ ÜæÝäØ ÙÝîáê ,ÜêÚÜ

òáèÙò äñ ÜæÝäØÜ. 
 
ïæ ;òÝðÝ 
 

1. J. Benesty, I. Cohen and J. Chen, Fundamentals of Signal Enhancement and Array 
Signal Processing, Wiley-IEEE Press, Singapore, 2018. 

2. H. L. Van Trees, Optimum Array Processing: Part IV of Detection, Estimation, and 
Modulation Theory, John Wiley & Sons, Inc., 2002. 

3. åáðæØæ òÝðìéÜæ òáêÝîïæÜ òìàÝñÜ 
 

 ;ÜÛáæä òÝØîÝò 
 

:äÚÝéæ ÜáÜá àèÛÝàéÜ éðÝïÜ åÝáéÙ 

1. ä åáæòáðÝÚäØ åñááääñ áÙßðæ ÛÝÙáê òÝòÝØ .ðÛòÜ åÝßòÙÝ çæÞÜ åÝßòÙ 

2. äØ Ùîêæ åñááäÝ çèãòäáãðêæÙ áÙßðæ çÝèáéä áäØæáàìÝØ ÜæÝ åáØäÚ. 
 

çÝáîÜ ÙãðÜ; 
30% òáèÝáðèáæé ÜØîðÜ 
70% åÝáé àïáÝðì 

 
;òáäÚèØÙ éðÝïÜ åñ    and Analysis Signal Processing Array 

 
English syllabus:  ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 61 Ûê 



Array signal processing in the time and frequency domains, subspace methods, beamforming, 

performance measures, spatial aliasing, delay-and-sum, superdirective, null steering, Minimum 

Variance Distortionless Response (MVDR), Linearly Constrained Minimum Variance 

(LCMV), Generalized Sidelobe Cancellers (GSC), direction-of-arrival estimation, adaptive 

beamforming, differential beamforming, beampattern design. 
 

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

1. Implement algorithms for array signal enhancement in the time and frequency 
domains. 

2. Design and apply optimum beamformers for spatial filtering in sensor arrays. 
 

 
159942  òÝòÝØ ÛÝÙêÙ åáæÛïòæ åáØñÝè2  

 

2 ,'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

åÛï òÝêÝîïæ; 
044198 -  áòðìé òÝòÝØ ÛÝÙáêä ØÝÙæ 
044202 -  åááØðïØ òÝòÝØ 

 
;åáîäæÝæ åÛï òÝêÝîïæ  

046201 -åááØðïØ òÝòÝØ ÛÝÙáêä ØÝÙæ 
046745  -  òÝòÝØ äñ áòðìé ÛÝÙáê 

åááéèáðàèáØ åáäÛÝæ òááèÙä áàæòæ éÝéáÙÝ ÜèÙÜ òÝèïÜä ØáÜ éðÝïÜ òðàæ  òðÞêÙ òÝòÝØ äñ áðØèáä Øä ÛÝÙáêÝ
 òÝðñìØæÝ òáéØäïÜ ÜááðÝì òÞáäèØ òØ òÝÙáßðæñ òÝòÝØ ÚÝîááä òÝáèñÛß òÝñáÚ Úáîè éðÝïÙ .òÝáðàæÝØÚ òÝàáñ
 ÛÝÙáê òÝàáñ ðÝïéáè ,çã Ýæã .åááàéáààéÝ åááðàæÝØÚ åáäÝïáñ âÝòæ òÝòÝØ äñ òÝáìîò òßèÝæ ÜáîÞáðàæðì

Ýæä òÝæáØòæñ òÝáðØèáä Øä òÝòÝØ òðÝò ,òáèÝæðÜ ÜÞáäèØ :åáæÝßòÜæ åáäã ÝÚîÝá éðÝïÙ .ÝäØ åááðàæÝØÚ åáäÛ
 òÝáîïáäìØ Úáîè éðÝïÜ âäÜæÙ .åááØðïØ ÜáÞÝìáÛ áãáäÜòÝ ,áðØèáä Øä çÝèáé ,òáäØáîèðìáÛ ÜáðàæÝØÚ ,åáìðÚÜ

 òÝÙð òÝáæèáÛ òÝãðêæä åáäÛÝæ òááèÙÝ ,ðÝÙáÛÝ êæñ òÝòÝØ ÛÝÙáê ,åááØÝìð ÝáÙ òÝòÝØ äñ ÜÞáäèØä .åáÛæáæ 

;ÛÝæáäÜ áØñÝè 

1.  ,òÝêáðá ÛÝæáä ,åáÛæáæ òÛðÝÜëðÚÝ-åáèØáéäìä 
2. ÜáÞÝìáÛ áÝìáæ 
3. ÝàáØ çÝÙñß ,ïèäì ðïÝì ðÝàðìÝØ ,çáÙöÚèä òØÝÝñæ :òÝáàéãÝàé òÝáäØáîèðìáÛ òÝØÝÝñæ 
4. åááæîê åáðÝàïÝ òÝêîæØÙ åáØðïØ åáãáäÜòä åáäÛÝæ òááèÙ 
5.  òÝïáðàæÝ òÝáìîò òééÝÙæ òáéèáðàèáØ ÜáðàæÝØÚòÝáèØæáð 
6. òáðØèáä ØäÝ òáðØèáä òÝðÝïæ òÛðìÜä òÝáäðàïìé òÝàáñ 
7. òáòÝðÙòéÜ òÝèñðìÝ ,åáäÛÝæ òÙßðÜ ,éÝßáá áìðÚ 
8. áäðàïìé ÚÝÝáéÝ áæÝïæ Øä çÝèáé 
9. ÜáðàæÝØÚ ÜßèÝæ áèØáéááÙ çÝèáéÝ áðØèä Øä çÝèáé 

10. åáèÝäØñ òÝêîæØÙ òÝáéÝäãÝØ äñ äÝãñØ 
 

òáäÚèØÙ éðÝïÜ ØñÝè    ;rocessing using Geometric MethodsNonlinear Signal P 

Our goal in this class is to understand the mathematical foundation of many recent methods for intrinsic 

modeling and geometry-assisted signal processing. We will present novel methods that extend the 

classical Fourier analysis and enable natural data-driven parameterization of signals without prior 

knowledge of models. In addition, we will present nonlinear filtering methods based on data-driven 

geometric models. The course will cover topics from harmonic analysis, graph theory, 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 

modeling. 

Topics: 

1. Dimensionality reduction, manifold learning, and graph-Laplacians 



2. Diffusion maps 

3. Stochastic differential equations: Langevin equation, Fokker-Planck operator, and Ito calculus 

4. Stochastic processes modeling through eigenvector problems 

5. Empirical intrinsic geometry and Riemannian metrics 

6. Spectral methods for linear and nonlinear independent component analysis 

7. Reference graphs, model extensions, and probabilistic interpretations 

8. Nonlocal means and spectral clustering 

9. Nonlinear filtering and geometry-assisted Bayesian filtering 

10. Organizing populations using questionnaires 

 

Learning Outcomes: 

Each student will be able to: 1. Define fundamental terms, including ñintrinsic modelingò; 2. Analyze 

special cases of signals and systems analytically, build intrinsic metrics, and prove their main 

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

signals. 
 

References 

Temporary selected articles 
 
 

òÝðÝïæ 

åáðßÙè åáðæØæ òìàÝñÜ òÝðìéÜæ 

;ÜÛáæäÜ òÝØîÝò 

:åáäÚÝéæ ÝáÜá ÜßäîÜÙ éðÝïÜ òØ Ýæáäñáñ åáàèÛÝàé1 ;÷áéèáðàèáØ ÚÝîáá÷ åääãÙÝ ,ÛÝéá áÚñÝæ ðáÛÚÜä .2 ßòèä .
 òÝèÝãòÜ òßãÝÜ ääÝã ,òáéáðàèáØ Üïáðàæ åðÝÙê òÝèÙäÝ ,áàáäèØ çìÝØÙ åááàðì åááðïæã òÝãðêæÝ òÝòÝØ

 ;òÝáðïáêÜ3 Ù ñææäÝ åñááä .Matlab éðàèáØ äÛÝæ òááèÙä åòáðÝÚäØ.òÝáòáæØ òÝÛáÛæÝ åáîäæÝéæ òÝòÝØ ðÝÙê á 

 

 
 

 
159944  òáðØèáäÜ ÜðïÙÜ òÝÛÝéá 

 
 2 'Ü 

)2 (òÝÛÝïè 
ÜèñÜ çòèáá Øä 

 

òÝãðêæ òÝáðØèáä òÝðÝî ,òÝáäáÙÝÝðÞÙÝØ ,òÝáäáÙäÝðàèÝï  :òÝáæèáÛ ÙÝñæ ,òÝáèÝèØï åÝïáæ ,Ùîæ  ,åáÙàï
ðïÙ ééÝÙæÜ äê ðÞßñæ òðÝò ,Ùîæ òÝÙáîá .ñÝæáæÜ  òáæáèìïÝðì ÝÛ-ÜáîæðÝìéèðà ,áèÝñØð òáðØèáä 

ÜáîÞáðàæðì ,òáðÙáñ äñ åáðïÙ ÜðïÙ .åáÙîááæ  òáäæáàìÝØ2H :LTR ,LQG ,LQRçÝßàÙ áæÛïæ , 

òðÝò ,òÝÙáîáä ØÝÙæ  .ÜÛðìÜÜ òÝÛáæêä  òÝæðÝèÝ òÝÙáîáÙ¤H. 
 

;òÝðÝïæ 
 

1. Green, M., Limebeer, D. Linear Robust Control. Prentice-Hall, 1995. s.n. 2153375. 
2. Kwakernaak, H. Sivan, R. Linear Optimal Control Systems. Wiley-Interscience, 1972. s.n. 213226. 

3. Zhou, K., Doyle, J. C., Glover, K. Robust and Optimal Control. Prentice-Hall, 1996.  

      s.n. 2151705. 

4. Burl, J. B. Linear Optimal Control. Prentice Hall, 1999.  

5. Sanchez-Pena, R. S., Sznaier, M. Robust systems theory and applications. Wiley, 1998. s.n. 

2207326. 
6. Saberi, A., Chen, B. M.  H2 optimal control. Prentice-Hall, 1995. s.n. 2179685. 

7. Tewari, A. Modern Control Design: With MATLAB and SIMULINK. Wiley, 2002. 
 
 

159947  ÜÛÙêæåáðáÜæ åáäÚêæÙ  
 

çÜã /ê 4,'æ 
)2 (òÝÛÝïè 

 

 òÛÙêæHFIC .ÜñáßÝ òðÝñïò ÜáæÛÜ Ýæã åáæÝñáá ðÝÙê åáÙäÝñæ åáäÚêæÙ ðïßæÙ òÛïæòæ 

http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Ashish+Tewari


  òÝáàÝßäØ òðÝñïò òÝãðêæ ðÝÙê åáæÛïòæ åáðØòä åáàèÛÝàéä ðïßæ òÙáÙé òïìéæ ÜÛÙêæÜ
 . òáÚÝäÝèãàÙ åáÙÝäñæ åáäÚêæ äê åáééÝÙæ òÝáÛáòê òÝáÝÝïÝCMOS 

  òÝãðêæ äñ òÝðÝàïàáãðØÝ åáÙðÝêæ åáäÚêæä åááæòáðÝÚäØ , æ"æÚÝ ÝáÛð áäÚêæ :çÝÚã çááèê áæÝßò
.ÝáÛð 
  äñ ðÛò Ûê Øäæ çÝáìØÝ åáÙÙñ äñ òÝÛáÛæ òðñìØæÜ òáèðÛÝæ ÜïáÛÙ òèßòÙ òÛáÝîæ ÜÛÙêæÜ110 

.íðÜ ÜÚáÚ 

 
 :òáäÚèØÙ  éÝÙäáé 

THE HFIC LAB IS FOCUSED ON RESEARCH IN INTEGRATED CIRCUITS FOR VARIOUS 

APPLICATIONS, AS COMMUNICATION IMAGING AND SENSING. 
 HFIC PROVIDES A RESEARCH ENVIRONMENT FOR GRADUATE STUDENTS FOR 

FUTURE WIRELESS AND WIRELINE COMMUNICATION SYSTEMS ON HIGHLY-
INTEGRATED CMOS IMPLEMENTATIONS INCLUDING AREAS OF INTEREST AS: 

RF/MM-WAVE CIRCUITS, ALGORITHMIC AND HIGH SPEED MIXED SIGNAL, RADIO 

SYSTEM ARCHITECTURES. THE LAB IS EQUIPPED WITH A MODERN PROBE STATION 
TO ENABLE ON WAFER MEASUREMENTS AND A FULL CHARACTERIZATION UP TO 

110 GHZ. 
 

:ˢˡ˧ˬ˪ ˸ˣ˞˴ˣ˸   ˯˶ˣ˵ ˫ˣ˸˟˸ˡ˟˰ˬC HFI  ˸˶ˣ˷˵˸ ˸ˣ˩˶˰ˬ ˶ˣ˟˰ ˶˵˥ˬˢ ˸˟˧˟˯ ˸˞ ˶˧˩˧ ˦ˮˡˣ˦˯ˢ
 ˸ˣ˧˦ˣ˥˪˞ ˸ˣ˧ˡ˧˸˰ ˸ˣ˧ˣˣ˵ˣ ˭˧˧ˮ˰ ˧ˬˣ˥˸ ˶˧˩˧ ˦ˮˡˣ˦˯ˢ .ˬ"ˬˠˣ ˣ˧ˡ˶ ˧˪ˠ˰ˬ :,   ˫˧˪ˠ˰ˬ˪ ˫˧˧ˬ˸˧˶ˣˠ˪˞

 .ˣ˧ˡ˶ ˸ˣ˩˶˰ˬ ˪˷ ˸ˣ˶ˣ˦˵˦˧˩˶˞ˣ ˫˧˟˶ˣ˰ˬ 
 

 

Learning Outcomes:  By the end of the HFIC Lab the student will be familiar with the 

research  environment of integrated circuits for various applications, as communication 

imaging and sensing. The student will learn various areas of interest such as: RF/mm-Wave 

circuits, Algorithmic and high speed mixed signal, radio system architectures.  

 

 
159951  òáàéáÙáàäð äæñß òéÛèÜ 

 
 2 'Ü 

)2 (òÝÛÝïè 
 ØäáÜèñÜ çòèá. 
 

;òÝÛÝéá ÜïáæèáÛÝðàïäØ ÜêÙðØ-òáÛæáæ. òÝØÝñæ ÜÛñÜ ÝØÝÝñæ .ïáðÙò áïéÙÝïèáæ. 
 

 ;êè âÝÝòÙ åáäÚ òÝàñìòÜðÝàïÝÝ òÝàñìòÜÜ åáßàñæÝ òÝðáÜæ .åááäæðÝè ÜðÞßÜ .ÜðáÙñ .ÜðÝÙßÜ 
ÜØäæ òÝßãÝèÙ âÝÝò  .êè 
 

;êè âÝÝòÙ Üèáðï òáîïèÝì çáðÚ åÝñðÙ áÛØáÛ Ùßðæä Üèáðï .êè äÝìáÛæ ðÝÞØÜ .êè ïÝßðÜ ÙßðæÙ êè. 
 

 ;ðäìÝÛ àïìØÜïáàæèáï äñ åáäÚ åáÙßðæÙ åáêè. 
 

;òÝðÝïæ 
òÝèÝòáê  òìàÝñIEEE Qu. Electré.. 
òÝæáñð äñ ìÝðì 'ðÙáñ. 

 
 

159954 
 

åááòÝãØäæÝ åááêÙà åáèãÝéÙ áÝîáæÝ áÝéáè 
 

ðáØæ /ð 2  'Ü 
)2 (òÝÛÝïè 

 

åÛï òÝêÝîïæ;  

 044202 - .åááØðïØ åáãáäÜòÙ ðßØ ØÝÙæ éðÝï ÝØ ,åááØðïØ òÝòÝØ 

áïéèáæ çáÝÝðæ ,"ÜêîÙä òêÛä âáäê ,ÜäÝêì äê äæÚÝòæ ÜòØñ áèìä" 

áØ äñ åáðÚòØæ åáØèò òßò Ûïìòä åáñðÛè òÙãðÝæ ÜÙáÙéÙ åáäêÝìÜ åááêÙàÝ åááòÝãØäæ åáèãÝé-
áØæ ,ÜÜñÝæÝ áïäß êÛáææ åáêÙÝèÜ ,òÝØÛÝ- .òðÝñïòÙ ïÝÙïÙ áðØÝÝîÝ òãðêæ áäñãæ ,ñêðæÝ äÛÝæ òêáÛá

áìÝØæ áÝîáæ ,éÚ çìÝØÙ .áÝîáæÝ áÝéáè òÙäñæ ÜäØ òÝáêÙ åê òÝÛÛÝæòÜ âðÝîä òáðñìØ ÜñáÚ äÝîáè á"ê ç
áèìÝØ ñÝìáßÙ Ûïæòæ áÝéáè ÛÝêÙ ,Üðàæ åÛïä áÛã òÝäáêì áÛã âÝò ðÚØèñ åÛïÝæ êÛá- áäêÙ åáñÛß ÜäÝêì

áêÛæ äñ ÜæÙÜ ÞãðæÙ ÛæÝê áÝîáæä áÝéáè çáÙ çÝÞáØÜ .áÛáòê ßÝÝð äØáîèàÝì- ,çáÝÝðØÛ áæá ÞØæ åááßÜ



åáïÝÞáß á"ê ÜÛáæäÝ òáäæáàìÝØÜ ÜðïÙÜ áæÝßòÙ áéáéÙ åÝïæ éìÝòÝ  .òÝæÛïÝæÜ åáññÜ òÝèñ ÞØæ
 .áÝîáæÝ áÝéáè çáÙ áòàáñÝ äãñÝæ çÝÞáØ äê òäÙÚÝæ ÜèÙÜ òæááï ,åáäÙÚÝæ åáðïæÙ ÛÙäæ ,òØÞ òÝðæä
 íäßä çÝáéè âÝòæ ,òÝáòÝãØäæÝ òÝáêÙà ,òÝãðêæ çÝÝÚæÙ áÝîáæä áÝéáè çáÙ çÝÞáØÜ òØ ðØòè ÜÞ éðÝïÙ

Ýìáñä äáÙÝÜä ÜáÝñê ÝÞã ÜñáÚ .åááääã ÜäÝêì òÝèÝðïê äñ ßÝòáìä åÝðòäÝ ,òÝáÚÝäÝáÙ òÝãðêæ äñ ÜèÙÜÙ ð
 éßááòæÝ ,åáæÝßò ðìéæÙ êÚÝè éðÝïÜ .òáæîê òÝèñÛßä òäÝãá òÝäêÙÝ òÝèáéß òÝáéÛèÜ òÝãðêæ

 .ÜïîÝæ òáèÝáê òáòñò òæááï Øä çááÛê åðÝÙêñ åáæÝßòä 

;åáØñÝè òæáñð 

1. .ÜéÛèÜæÝ ÜáÚÝäÝáÙæ òÝØæÚÝÛÝ ÜáîÙáàÝæ 

2.  ÝÙØ :ÜáÚÝäÝáÙæ çßÙæ áðïæ.åáäæè äîØ çÝÞæ ñÝìáß ,éáéïØàÝæã ,çÝéáßÜ òãðêæ ,òáÙîê òÝßòìòÜ ,ÜáîÝä 

3. .åáïÝÞáß á"ê ÜÛáæä ,ÜðïÙ ,Üäáêì ÜÛáæä ,ÜáæÛÜ á"ê äÝñáß ,åááèÝáîÝäÝÙØ åáæòáðÝÚäØ :åááéÛèÜ çßÙæ áðïæ 

4. äÝñáß ,àÝñìÜ áàèÚÜ åòáðÝÚäØÜ :òÝàÝñì òÝãðêæÙ òÝáàðÝØáò òÝØîÝò ê"á èÙ ,Üäáêì ÜÛáæä ,ÜáæÛÜ åáàáÛ
áÙð-.òÝêÝðÞ 

5.  Ü ÚñÝæÝ ÜáÚÝäÝáÙÙ äáêá ñÝìáß/áÝéáèä òÝñÛß òÝñáÚevolvability. 

6. .åáïÝÞáß á"ê ÜÛáæäÝ ÜðïÙÙ ñÝìáß/áÝéáèä òÝáèðÛÝæ òÝñáÚ 

7.  ÜéÛèÜÝ ÜáÚÝäÝáÙÙ áÝîáæÝ áÝéáèú .áÛáòê äØáîèàÝìÝ åáäÛÙÜ ,åáäáÙïæ åáÝÝï 

  
ÜÛáæä òÝØîÝòäñ òÝèÝÝÚæ òÝØæÚÝÛä êÛÝÝòá àèÛÝàéÜ  : áêÛæÙ áÝîáæÝ áÝéáè- äãÝá ØÝÜ .ÜéÛèÜÙÝ åááßÜ

áæÝßòÙ òÝáòÝêæñæ ðïßæ òÝäØñ ßéèäÝ ,åáàÝñì åááàðÝØò åáäÛÝæ ßòèä-.åáñÛß òêÛ 

;òÝðÝïæ 

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 course on random processes. 

 ñYou first have to be able to do something before you can be rewarded for itò, Marvin Minsky 

Outline:  Artificial and natural agents operating complex environments are often required to function 

under highly challenging conditions of uncertainty, resulting from partial and delayed observations, 

model ignorance, system-malfunctions and communication bottlenecks. A possible approach to dealing 

with such difficulties is the adoption of a strategy which balances Exploitation and Exploration (EE). 
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 in biology since 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 

balance exploration and exploitation. In this course we will study the EE tradeoff from multiple 

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

and, in turn, contribute to the development of more robust, innovative and open-ended solutions in 

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

which are still highly under-developed 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, 

active learning, multi-armed bandits.  



5. Some modern views on effective exploration in biology and the notion of evolvability.  

6. Current EE strategies in control and reinforcement learning.  

7. Exploration and exploitation in biology and engineering ï common threads, differences and 

prospects.  

 

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 formulate 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 and Doerr, World Scientific 2011 

4. Papers from the current literature 
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 åÛïòæ éðÝïÙ.åáÙñßæ òðÝñïò áØñÝèÙ åáìàÝñ ðïßæ áØñÝè 

 
éðÝïÜ ØñÝè ;à#êñò òèñÙ    ÜÛáæäÙ òáÙÝñáßòÝòñð åáÙñßæ 

 
 ;åÛï òÝêÝîïæ 

044334  àèðàèáØÝ åáÙñßæ òÝòñð1 Ý- 

046195 òÝÛæÝä òÝãðêæ 

.åáæÝÛ åáéðÝï ÝØ 

 

òáðÙêÙ éÝÙäáé: 
 ðïßæ áØñÝèÙ åÛïòæ éðÝïÙ òáÙÝñáß ÜÛáæää åáðÝñïÜ åááèãÛêá éðÝïÜ .åáÙñßæ òÝòñð Üéã åáñÛß åáðæØæ

òÝòñð äñ åáéèãÙ  .ÜÛáæäÝ 

åáääÝã åáØñÝèÜ ÜÛáæä  åáæÝñáá çÝÝÚæä ÜáîÞáæáàìÝØÝòÝäáÙß çÝæÞáò ,åáéæÝê òðïÙ ,ÙÝòáè çÝÚã ,òÝòñðÙ , ,äÝÙðê

.åÝäÙ áèèéæÝ 

éðÝïÜ åÚ åáØòæ òÝòñðÙ åáãæéÝæ áÛÝæáä åáäïÝñÜ ÜãæéÜÙ åáàèÛÝàéä .òáÙÝñáß ÜÛáæäÙÝ 
 

 ;òÝðÝïæ 
åáðßÙè åáðæØæ òÝòñð äñ åáéèãÙ åáñÛß .ÜÛáæäÝ 

 
 ;ÜÛáæä òÝØîÝò 

 ðïßæÜ òÝÛÝéá òèÙÜ (Ø) òáÙÝñáß ÜÛáæäÙä ÜáîÞáæáàìÝØÝÝ ; òáèãÛê òÝðìé åê òÝðãáÜ (Ù)  ;åáÙñßæ òÝòñð-   (Ú)
 òñáãð.òáêÛæ ÜØîðÜ òÝáÝèæÝáæ 

 
çÝáîÜ ÙãðÜ ; 

.Üäáêì òÝìòòñÜÝ ,ðñìØÜ òÛáæÙ áïäß ñÝæáæ ääÝã ,ÜòáãÙ ðæØæÜ òÚîÜ äê ééÝÙæ ÜáÜá çÝáîÜ 
 

;òáäÚèØÙ éðÝïÜ åñ 

Machine Learning for Computer Networks 

 
English syllabus:   

Advanced course dealing with current research topics in machine learning for computer networks. The 

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

The topics include machine learning and optimization for a wide range of networking applications, such 

as routing, congestion control, packet scheduling, hashing, and Bloom filters. 



The course also fits undergrad students who are considering 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.  

 
  

159959 
 

åáØñÝè åáæÛïòæ  ÜïáàìÝØÝðàïäØ2  2 'Ü 
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ÜèñÜ çòèáá Øä 
 

;åÛï òÝêÝîïæ 

114086-  Üïáéáì äñ åáäÚÝØ 
044148- òÝÚäÝìæ òÝãðêæÝ åáäÚ 

 
;éÝÙäáé 

 åááðØèáä Øä åáðæÝß ,ðÙÚÜ/ÛéìÜ åê åáðæÝß åáääÝãÜ åááòðÚñ Øä åáðæÝßÙ åáäÚ òÝàñìòÜ
åáðæÝßÝ   òÝØÝÝñæ òÝìïòÙ çÝÛè .(åááìÝðàÝÞáØèØáÙ åáðæÝß) åáääãÝæ ØäÜ ÜáðÝì åðÝìéèðàÙ ,äÝÝéïæ

 ÜðÝòÜæ äÚ òÝáîïèÝì åê åáñïÜ ðÝîáè åÚÝ åáðæÝßØàæÙÝ åáÙãðÝæ åáðæÝßÙ äèéðì áïÝßÙ ,áðØèáä
.òáàèÝÝïÜ 

 
;ÜÛáæä òÝØîÝò 

 åáèïòÜÝ åáðæÝß ðÝÙê òÝáÛÝßá òÝêìÝò çáÙáÝ åááàèÚæÝðàïäØ åáäÚÙ ðÝñïÜ êÛáÜ òØ ðáñêá éðÝïÜ
ÙÝ áèÝàÝìÜ åÝßòÙ ðòÝáÙ åáæÛïòæ.ÝèØèÜ áæÝßò 

 

;òÝðÝïæ 

åááèãÛê åáðæØæ .Üàæä åáàðÝìæÜ åáðæØæ ðìéæ åÚÝ 
 
 

;òáäÚèØÙ éðÝïÜ åñ 

Electromagnetic waves in complex media  

 

Syllabus: 

Wave propagation in complex media including dissipative and gain materials,nonlinear and 

bianisotropic media. We will discuss 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 knowledge and to unique 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 Optical vortices and polarization singularities", 
Progress in Optics,53 293-363 (2009) 

2. I. Bialynicki- Birula, "Photon wave function" Progress in optics 36 245-294 (1996)  

05arXiv:09 ", , "Inverse Scattering Transform and the Theory of SolitonsTuncay Aktosun 
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http://arxiv.org/find/nlin/1/au:+Aktosun_T/0/1/0/all/0/1


 

ðïß òäÝêì òÝðÝïæ ÜáÚðèØ òïáÛÙ .åáñÛß òÝÛñ åááàèÚæ òÝßÝãÝ Üãáñæ åáðîÝèÜ ÜáßÛÝ äê áÛá åáàèÚæ 

ðïß .åááÛáæò áÝìæÝ òÝÛñ òÝáðÝééÝðìÝðïáæ òÝÛáÛæ  .åááàèÚæ òÝãðêæÙ òÝèÚÜ .ïìéÜ   .òÝáðÝééÝðìÝðïáæ

åáðïÙ ÜðïÙÝ òðïÙ .åáãáäÜò äê áêÝèæ åðÞ ðñá åðÞÝ çáìÝäß òÝêîæØÙ åáðñáæ áòðìé áÝæÛ .åáòéÝÝæ 

äñ òÝãðêæ òÝáèãæÝðàïäØ. 

 

 

159971  òÝèÝæò ÛÝÙáê 
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)2 (òÝÛÝïè 

 
 
 

;åÛï êÝîïæ 
046200 - ÛÝÙáê ßÝòáèÝ òÝèÝæò. 

;íäæÝæ êïð éðÝï 
046332 -  òÝãðêæ ÜááØð ÜêáæñÝ. 
 êÝîïæ;ÜæÝÛ 
236860 - ÛÝÙáê òÝèÝæò áäàáÚáÛ 

 
;ÛÝæáäÜ áØñÝè 

1.  .ÜááØðÜ òãðêæ òÝèÝãò ,ØÝÙæ 
2. ÝÛ òÝòÝØÝ òÝèÝæò çÝáìáØ- .áÝæáã ,ÜæáÚÛ ,ÚÝîá  :åááÛæáæ 
3. ) òÝðæòÜKarhunen-Loeve, DCT, DFT .çÜáñÝæáñÝ ( 
4.  .ÛÝÛáßÝ ÜïäßÜ ,òÝæðÚÝàéáÜÙ äÝìáà :òÝèÝæò ðÝìáñ 
5.  çÝïáòä çÝèáéÝ ðÝÞßáñ òÝàáñ) ÜêÝèòÝ ÛÝïáæ ðéÝß äñ åáàïìØMotion Blur.( 
6.  .òÝèÝæò òéáßÛÝ ÛÝÛáï 
7.  .òÙñßÝææ ÜááØðÝ òÝèÝæò äñ ÜÞáäèØä ØÝÙæ 
 

;òÝðÝïæ 
1. Jain A.K.: "Fundamental of Digital Image Processing" Englewood Cliffs, 1989.  rec. 

2065704. 

2. Rosenfeld, A. and Kak, A.C.: "Digital Picture Processing". Academic .Press, 1976. rec. 

2011772, 2nd ed. (1982). rec. 211293.  

3. Pratt, W.K.: "Digital Image Processing". 2nd. ed. Wiley, 1991.  rec. 217922. 

4. Gonzalez, R.C. and Wintz, P.: "Digital Picture Processing". Addison-Wesley. 1977.  rec. 

217923, 2nd.ed. 1987. rec. 2032777. 
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 òÝòñð áîáØæ çÝèãòÝ òÝðÝàïàáãðØ  ;ØñÝèÙ

òÝïÝæê åáèÝðáÝè 

íáÙá ÛáèÝØä ð#Û 
ðéÝèáÚ çð (ìÝðì 

 

2 'Ü 
)2 (òÝÛÝïè 

 
ðîÝïæ áðÙê åñ òîØÜ ;DNN 

 
;åÛï òÝñáðÛ  

 áÝãáÞ Øää òÝêÝîïæ0ÜÜÞ êÝîïæ0åÛï òÝêÝîïæòÝÛáæî òÝñáðÛ0ëéÝè  
 

 Ûê* òáðÙêÙ éÝÙäáé61 )ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 
 åáèÝðáÝè òÝòñð ,çÝðßØÜ ðÝñêÙ ÝòàØÜ òÝÙïêÙ .ðÝæ ïÝßä òÝÛÝÜ ðñìØòÜ Ùñßæ áêÝîáÙ ðÝìáñ ,åáèñ âñæÙ

) òÝïÝæêDNNä ÝðÙê (-GPU äñ ÜØÙÜ ÜæðÝìàäìÜ áã òéðÝÚ òáääãÜ ÜêÛÜ ,åÝáã .DNN  ÜðæÝß) åáîáØæ ÜèáÜ
 áîáØæ .(òÝÜÝÙÚ òáàÚðèØ òÝäáêáÝ òÝðáÜæÙ òæáÝéæ Üæáñæ êÝîáÙ ÜÛÝêáñ òáÛÝßááDNN  áÞãðæ çÝÝáã åÝáÜ åáÝÝÜæ

  .åáÙñßæ òÝðÝàïàáãðØ ðïß åÝßòÙ 
 òéáßÛ ,òÝæáã ,åáñÛß åáèÝòè áàæðÝìÙ ñÝæáñ ,çÝæáØ äÝæ (éèðìèáØ) ÜïéÜ Ýääãá éðÝïÙ ÝÛæäáñ åáØñÝèÜ

Ý åáðàæðì ÛÙêæÙ ÙÝñáß ,íáØæÜ ÙÙñä íÝßæ ÝØ äê åáèÝòè òðáæñ ,òÝáäáÙïæ äÝæ åáèÝòè òðÙêÜ äñ òÝäê ,òÝäáäÛ
.'ÝãÝ çÝðãáÞÙ ÙÝñáß äÝæ 

.òáêÛæÜ òÝðìéÙ ÝæéðìòÜñ ØñÝèÙ åáæÛïòæ åáðæØæ äê ééÙòáñ ,ðèáæé ÜáÜò éðÝïÜ òèÝãòæ 
 



 ;òÝðÝïæ 
 

 ;ÜÛáæä òÝØîÝò 
 

1. á åáàèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê áîáØæ äñ çÝèãò áäÝïáñÝ òÝàáñÙ ÝØîæòDNN  

2.  åáàèÛÝàéÜçèãòä åáäÚÝéæ ÝáÜá Ü áîáØæ òÝðÝàïàáãðØ òØ-DNN  ÝðáãáÝ òÝîÝìèÜ òÝáîïáäìØÜ òØ

 áîáØæ äñDNN  .åÜäñ òÝèãáòÜ òÝèÝðïêÝ 

3.  åáàèÛÝàéÜ åê ÛÛÝæòÜä åáäÚÝéæ ÝáÜá áîáØæ çÝèãáòÙ åááÞãðæ åáðÚòØDNN  ÜìðÝòÜ òÝÛÝïèÝ
.åÜäñ 

 ÙãðÜçÝáîÜ ; åáéßááòæÜ åáðîï åáäáÚðò äêÝ ,éðÝïÙ òá/àèÛÝàéÜ äñ ÜØîðÜ äê ééÙòá çÝáîÜ
åáðßØ äñ òÝØîðÜä 

 

òáäÚèØÙ éðÝïÜ åñ Deep Neural Networks Acceleration  

English syllabus:  ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 61 Ûê 

For decades, computer performance improvement was driven by Mooreôs Law. As it slowed down, 

DNN turned for performance to GPU. The next hardware paradigm for DNN are accelerators 

(hardware components that execute specialized computation class). In recent years, DNN 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 quantization, network trimming, compression and sparsity, cost 

of data communication vs. parallelism, storing parameters off- vs. on-chip, data centric vs. CPU centric 

computing and so on.  

The course will be in a seminar format, based on advanced papers on the topic that have been 

published in the scientific literature.  
 
 
 
Learning Outcomes: 

1. At the 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 DNN accelerator 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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;Ø#ìñòÙ éðÝïÜ ØñÝè òáðàæÝØÚ ÜÛáæä 

 
;åÛï òÝñáðÛ  

çáØ 
 

 òáðÙêÙ éÝÙäáé 
 äê åñÝá ÛßÝáæ ñÚÛ .òáðàæÝØÚ ÜÛáæä äñ åááàæòæÜÝ åáæòáðÝÚäØÜ åáàÙáÜÜ òØ ÚáîÜä ØáÜ éðÝïÜ òðàæ

 .åááðïáê åáïäß áèñ éðÝïä .ÜÛáÛÙÝ Üìáîð òáðàæÝØÚ ÜÛáæä äñ ÛÝßØ ðÝØáò òÝÛÝéáÜ òØ ääÝã çÝñØðÜ ïäßÜ

 äê òÝòÝØ ÛÝÙáê ,äÝãñáØ çÝÚã åáæÝñááÝ åáæòáðÝÚäØÙ Ûïæòæ áèñÜ ïäßÜ .òáðàæÝØÚ ÜÛáæä äñ åááàðØáòÜ

.òÝðÝî ßÝòáèÝ ,åáìðÚ 

 

;ÛÝæáäÜ áØñÝè 



.òáäÚèØÙ åáØñÝè òæáñð ÜØð 

 

òÝðÝïæ ; 

1. Numerical Geometry of Non-Rigid Shapes, by A M Bronstein, M M Bronstein, R Kimmel, 
Springer, ISBN: 0387733000 

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

ISBN: 0387955623 
3. Differential Geometry of Curves and Surfaces (2nd edition 2016), by M do Carmo, Prentice 

Hall, ISBN: 0132125897 

4. A Course in Metric Geometry, by D Burago , Y Burago, and S Ivanov 
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;çÝáîÜ ÙãðÜ 
.àïáÝðìÝ òáÙ áäáÚðò âæé äê êÙïá çÝáîÜ 

 
òáäÚèØÙ éðÝïÜ ØñÝè 

Geometric Learning 
 
English syllabus:  
Geometric learning is a fast-growing field in data analysis, computer vision and computer graphics. Its 
roots spread in classical areas such as differential geometry and harmonic analysis, while current 

applications involve contemporary topics such as deep learning, dimensionality reduction, and signal 

processing on graphs. The main purpose of this course is to introduce the fundamental theory of 
geometric learning, with special emphasis put on a unified perspective on both continuous and discrete 

analysis, as well as the emerging related applications.  

 

Topics: 

Part I - Theory 



1. Continuous geometric learning: 

1. Differential geometry (curvature, 1st and 2nd fundamental forms) 
2. Metric geometry and intrinsic operators (gradient, divergence, Laplacian, geodesic 

distances) 

3. The Laplace-Beltrami operator (spectral analysis and geometry, heat equation, optimal 

basis for signals with bounded Dirichlet energy) 
4. Deep learning of geometric structures 

2. Discrete geometric learning: 

1. The graph Laplacian  
2. Random walks and diffusion on graphs 

3. Spectral analysis of Laplacians and random walks (Rayleigh quotient, spectral gap, 

power method) 
4. Discretization (meshing, triangulation, Cotangent Laplacian, farthest point sampling) 

3. Analogy between discrete and continuous geometric learning (convergence of Laplacians) 

Part II - Applications 

1. Signal processing on graphs 

2. Spectral clustering (Fiedlerôs vector, Cheegerôs inequality, conductance, NormalizedCut and 
RatioCut) 

3. Embedding methods, dimensionality reduction, and manifold learning (MDS and (spectral) 

variants, ISOMAP, Laplacian eigenmaps, Generalized MDS) 

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

5. Metric learning and deep metric learning 

6. Functional maps 
7. PointNet, functional maps net, unsupervised and semi-supervised 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 in high-dimensional data analysis and 

shape analysis; 3. Implement (in MATLAB/Python) algorithms for data embedding and dimensionality 

reduction and deep learning.  
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Ø÷ìñòÙ éðÝïÜ ØñÝè ; åáÙñßæ òÝòñðÙ åáæòáðÝÚäØ åáðÚòØçáá'îïÝäÙÝ 

 
ðîÝïæ áðÙê åñ: åáÙñßæ òÝòñðÙ åáæòáðÝÚäØ îïÝäÙÝ'çáá 

 

;êïð îïÝäÙÝ åáÙñßæ òÝòñðÙ òÝáÞãðæ òÝáêÙÙ çÛ éðÝïÜ'.åáìðÚÜ òðÝòæ åáäãÝ åáæòáðÝÚäØ äê ñÚÛÙ çáá 

 

;åÛï òÝñáðÛ  
ØÝÙæ áèÙæä åáèÝòè åáæòáðÝÚäØÝ )044268 (ÝØ áèÙæ  åáèÝòè1 )234218(                                              :(ˢ˟ˣ˥ ˞˪) ˳˪ˬˣˬ

 àèðàèáØÝ åáÙñßæ òÝòñð1 )044334) åáÙñßæ òÝòñðä ØÝÙæ ÝØ (236334( 

òáðÙêÙ éÝÙäáé 
 ,òñð òÝáÚÝäÝìÝà ,òÝÛáðñ ,ÙÝòáè ,òÝäáÙß ÚÝÝáé :Ýæã òÝáêÙÙ çÝÛè .åáÙñßæ òÝòñðä åáæòáðÝÚäØ ßÝòáèÝ çÝèãò

Ýæê çÝÞáØÝ ÜðïÙ ,ÛÝÛáï òÝàáñÝ åáèÝòè áèÙæ ,åáÙØñæ ëÝòáñ ,òÝáîïèÝì òæñÜÝ ÜáæÛÜ ,åááÙïê åáèÝãÛê ,åáé
 åáäãÙ Ûïæòè .åááèñæ åáîÝðêÝ òÝðáÙñ ,òÝèÚÝÜ ,çááîïÝäÙ òÝòñð òÝèÝðïê .åáÙñßæ òÝòñðä ÜÛáæäÙ ñÝæáñ

ÜæáðÞ :çÝÚã åáìðÚÜ òðÝòæ .òÝáÚÝäÝìÝà çÝèãòÝ íÝÙáï ,ÜêáÙî ,ÙÝòáèÝ 
éðÝïÜ ðÙêÝá ÙòèÝãòæ òÙäÝñæ äñ òÝØîðÜ Ýã ÝÙÝðÙðèáæé .åáàèÛÝàé ÝñïÙòá ñáÚÜä çÝàïáÝðì ðæÚ. 

 
 
 
 
 



 
 ;òÝðÝïæ 

òáèãÛêÜ òÝðìéÜæ åáðæØæ 
 

Varghese, George. Network Algorithmics. Elsevier, 2005.                                                       Narayanan, Arvind 

et al. Bitcoin and Cryptocurrency Technologies: A Comprehensive Introduction, 2016. 

 ;ÜÛáæä òÝØîÝò 
åê òæäñÜ Ü ðèáæéÜßäîÜÙä ,àèÛÝàé òÜáÜ  çááîïÝäÙÜÝ åáÙñßæÜ òÝòñð åÝßòÙ òÝáÞãðæ òÝáêÙ çÝÝÚæ åê òÝðãÜ

 .çòáØ òÝÛÛÝæòÜä åáæòáðÝÚäØ çÝèãòä åáäã çãÝàèÛÝàéÜ ÜáÜá äÚÝéæ ßòèä çáÙÜäÝ òØ òÝèÝðòáÜ òÝèÝðéßÜÝ äñ 
ÜñáÚ òæáÝéæ .àèÛÝàéÜ ëñßá éðÝïÙ áèÙØä çáèÙ òÝäÝãáñ ñæñä ÛáòêÙ Üèêæä  åáðÚòØäñÛß.åá 
 

;çÝáîÜ ÙãðÜ 
òÝìòòñÜÝ òÝßãÝè 20%òÚîæ , 40% ,àïáÝðì çÝ40%òáìÝé ÜèáßÙ Øää , 

 

˫˷ ˯˶ˣ˵ˢ ˸˧˪ˠˮ˞˟ 

Algorithmic Challenges in Computer Networks and Blockchain 

 

English Syllabus:  

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

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

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

Fundamentals of blockchain networks. Fairness, Sharding and Off-chain channels. Focus on graph theory tools: 

Flow, routing, coloring, clustering and topology design.     

Learning Outcomes:  
Following the seminar, a student will  be familiar with various major challenges in the area of computer networks 

and blockchain and will have tools for dealing with such challenges. The student will be able to analyze and 

understand the pros and cons of a particular approach. The student will be exposed to tools that can help in the 

future with new challenges in the field. 
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;åÛï òÝñáðÛ 

ðÝñáØ ÜßèæÜ ÞãðæÝ .êÝîïæÜ 
 

òðÚéæÙ êÝîïæÜ ÝßòÝìá åáØñÝè åáæÛïòæ äãÙ ÛßØ åáßàñÜæ åááèñÛßÜÝ åáßòìòæÜ äñ ÜàäÝïìÜ 

ÝòáßèÜÙ òáñáØÜ äñ ðÙß äÚé.  .òßØ åêì ðâòÝáÜ äãä éðÝïÜ òØ ÛÝæää äãÝá áðïßæ äÝäéæÙ àèÛÝàé
.åáèÝñ äÚé áðÙßÙ ðÙÝÛæ ÜáÜáñ ÛÙäÙÝ òßØ åêìæ ðòÝá éðÝïÜ òØ òßïä äãÝá ÜÞò Øää äÝäéæÙ àèÛÝàé 

 
 
 

159984  òÙñßÝææ ÜááØð 
 

   2 'Ü  
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä/ 
 

;åÛï êÝîïæ 
046200 -  ÛÝÙáê ßÝòáèÝ òÝèÝæò. 

;íäæÝæ åÛï êÝîïæ 
046332 -  òÝãðêæ ÜááØð ÜêáæñÝ. 

;ÜæÝÛ êÝîïæ 



236873 -  ÜááØð òÙñßÝææ. 
 

éðÝïÜ çÝÛá åáØñÝèÙ åáØÙÜ: 
Ø. ðÝØò åáéßá çáÙ åáðÝÞØ ÜèÙæÝ áäÝÙæáé äñ ÜèÝæò. 
Ù. òïÝäß ÜèÝæòÜ òÝàáñÙ òÝééÝÙæÜ äê òØáîæ òÝìñ äÝÛáÚÝ åáðÝÞØ. 
Ú. ðÝØò òÝìñ åáðÝÞØÝ. 
Û. ÙÝñß åáèááìØæ äñ åáðÝÞØ: åáèááìØæ áèááìØæ .åááðàæÝØÚ áèááìØæ ,òÝðáÜÙ åïðæ. 
Ü. ÚÝÝé òðãÜÝ òÝðÝî. 
Ý. áÝîáæ êÛáæ òäò-áÛæáæ òÝèÝæòæ äê áÛá ñÝæáñ åáäÝïñÙ åááðàæÝàÝì ,åááðàæÝØáÚ  åáðßØÝ. 
 

;òÝðÝïæ 
1. Rosenfeld, A. and Kak, A.C.: "Digital Picture Processing". Academic Press,  

           1976. rec. 2011772. 2nd ed., 1982. rec. 211293. 

2. Pratt, W.K.: "Digital Image Processing". Wiley, 1978. rec. 217922. 

3. Gonzalez, R.C. and Wintz, P.: "Digital Image Processing". Addison-Wesley,  
           1977.  rec. 217923. 2nd ed., 1987. rec. 2032777. 

4. Ballard, D.H. and Brown, C.M.: ñComputer Vision". Prentice-Hall, 1982. rec.           213034. 
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  )òÝÛÝïè 2(   
 çòèáá ØäÜèñÜ 

 
òÝêÝîïæ åÛï : 

ÜèÙæ òÝãðêæ ÜäêìÜ 
òÝãðêæ Üèãò  
ÜèÙæ  åáÙñß 

åáæòáðÝÚäØ òðÝòÙ åáìðÚÜ 

- 046209 
- 046267 
- 044264 
- 234246 

êÝîïæ åÛï áÝîð : 
ÜáîäáìæÝï 

 

òÝãðêæ åáÙñßæ åáäáÙïæ áÙÝðæÝ åáÛÙêæ, òÝòñð ðÝñáï åáÙñßæÙ, åáæòáðÝÚäØ 
åáäáÙïæ, ðïß åáêÝîáÙ äñ òÝãðêæ - ÜÞáäèØ ÜáîäÝæáéÝ.. ñÝ åáäÛÝæòÝì  ÙÝñáßä òÝèãò
,áäáÙïæ. áÝîáæ òÝáäáÙïæ òÝáèãòæ òÝáòðÛé. ) ÙÙñ äê òÝÙáä áÝÙáðmany-cores.( 

 
 

òÝðÝïæ: 
.òìàÝñÜ òÝðìéÜæ åáðæØæ 

 
 

Syllabus in English: 
048874 Parallel Computing Architecture 
 
Parallel and many-core systems, interconnection networks in parallel computers, 
parallel algorithms, performance analysis of parallel computingτanalysis and 
simulation, programming models and languages for parallel computing, 
extraction of parallelism, many-core chips. 
 
Sources: Recently published journal and conference papers. 

 
 
 

- 046266 
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 åáÙñßæ çáÙ òðÝñïò òÝòñðÙ åáØñÝè
4            

âááðàñèàÝð /Ø 2 'Ü 
)2 (òÝÛÝïè 

 

 òÝòñðÙ òáòÝðÙòéÜ Üðáìé ;à#êñò òèñÙ éðÝïÜ ØñÝè 
ðîÝïæ áðÙê åñòÝòñðÙ Üðáìé : 

 
;åÛï òÝñáðÛ  

ØÝÙæ òÝðÙòéÜä öß )104034 ÝØ (òÝðÙòéÜ öæ )094412( 
ØÝÙæ áèÙæä åáèÝòè åáæòáðÝÚäØÝ )044268 (ÝØ áèÙæ  åáèÝòè1 )234218( 

 àèðàèáØÝ åáÙñßæ òÝòñð1 )044334áÙñßæ òÝòñðä ØÝÙæ ÝØ () å236334( 

òáðÙêÙ éÝÙäáé 
 .ÜæáÚÛ .òáØðïØ Üðáìé .òáàéáèáæðàÛ ÜñáÚ .òÝØæÚÝÛÝ êïð :òÝðáÜæ òÝòñðÙ ÜðáìéÝ áÝäáÚ äñ ßÝòáèÝ çÝèãò

.òÝÛæÝäæ òÝîáïé .êÛáæÜ òÙãñÙ Üðáìé .òÝáääã Üðáìé òÝîáïé .ÜðáßÙÜ ßã .åÝäÙ çèéæ .ÙÝÙáÚ 
 

.ðæÚ çÝàïáÝðì ñáÚÜä ÝñïÙòá åáàèÛÝàé .ðèáæéÝ òÝØîðÜ äñ òÙäÝñæ òèÝãòæÙ ðÙêÝá éðÝïÜ 
 

 ;òÝðÝïæ 
òáèãÛêÜ òÝðìéÜæ åáðæØæ 

 
M. Mitzenmacher and E. Upfal. Probability and Computing: Randomized Algorithms and Probabilistic 

Analysis. Cambridge University Press, 2005. 

 

Varghese, George. Network Algorithmics. Elsevier, 2005.  

 ;ÜÛáæä òÝØîÝò 
åê òæäñÜ éðÝïÜ ÜßäîÜÙä ,àèÛÝàé ÜáÜá  ñÝðÛÜ êÛáÜ òØçèãòä áæðÝÚäØ Üðáìé åáèÝñ åáæáØòæÜ òÝñáðÛä 

ÜðáìéÜ áîÝäáØäÝ åáÙØñæÜ .àèÛÝàéÜ ÜáÜá äÚÝéæ ßòèä çáÙÜäÝ òØ òÝèÝðòáÜ òÝèÝðéßÜÝ äñ ÜñáÚ òæáÝéæ .
àèÛÝàéÜ ëñßá éðÝïÙ áèÙØä çáèÙ òÝÙÝñß òÝäÝãáñ ñæñä ÛáòêÙ Üèêæä äê  áðÚòØÜðáìé ñÛß.åá 

 
;çÝáîÜ ÙãðÜ 

 òÝìòòñÜÝ òÝßãÝè25% 
 òÚîæ35% 
àïáÝðì çÝ40%  

 
òáäÚèØÙ éðÝïÜ åñ 

Probabilistic Counting in Networks  

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. The student would be exposed to important fundamentals that can be useful for 

answering future counting challenges. 

 

 
 

159988 
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;åÛï òÝêÝîïæ 

234218 -  áèÙæ .åáèÝòè 

046267 - ÜèÙæ åáÙñßæ .åááòðìé 
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236315 - òÝãðêæ ÜäêìÜ ÝØ òæãéÜ .ÜðÝæÜ 

 
ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáñïÙæÜ êîÙä åáàïááÝðì åÝßòÙ äñ ðßØä åáÙñßæ ÛÝæä òÝêÝîïæ 

åÛïÜ òÝêÝîïæÝ åáðßØ áÛÝæáäÙ) ÜãæéÜ/ÝêÙïá ðñØ (åáãæéÝæ äê áì åáØñÝèÜ  .ÝêîÝáñåáàïááÝðìÜ 

ÝáÜá çÜ åÝßòÙ äñ òÝãðêæ ) ÜðæßHardwareÝ (/ÝØ òÝãðêæ  .Üèãò 
 
 
 

159989  òÝðÝàïàáãðØVLSI  
 

 2 'Ü 
)2 (òÝÛÝïè 

ÝÞ ÜèñÙ çòèáá Øä 
 

åÛï òÝêÝîïæ; 
048853 ï  òÝãðêæ çÝèãòVLSI . 
046267 ï .åááòðìé åáÙñßæ ÜèÙæ 
046237 ï  åáÙäÝñæ åáäÚêæï ä ØÝÙæ- VLSI. 

 
òêìñÜ òáÚÝäÝèãà Ü VLSI- äê ÜðÝàïàáãðØ äñ çÝèãò .åáÙñßæ òðÞêÙ Ùñßæ  òÝãðêæ äñVLSI, 

òÝðÝàïàáãðØ òÝñÛß ðÝÙê ÛÙêæ Ûáßá ÙðÝ åáãðêæ ,åáÛÙêæ åáÛÙêæ äñ òÝðÝàïàáãðØ ,åÜáñÝæáñÝ 
åáñÝæáñä òÝäØñ  ,åáÛßÝáæ äñ òÝèáæØ Ýyield- . 

 
;òÝðÝïæ 

 
1. Principles of Asynchronous Circuit Design: A Systems Perspective. Edited by Sparso, J., 

Furber, S. B. Kluwer Academic Publishers, 2001. s.n. 2240765 
 
 

 

15998:  òÝðÝàïàáãðØÙ ðèáæéVLSI  áïéèáàÝï /ñ 
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;åÛï òÝñáðÛ  

046265 - åáðÝàéáðææ ÙÝäáñÙ åáäÚêæÝ òÝðÝàïàáãðØ 
ÝØ 

048864 ú  åáÙñßæ çÝèãòÙ åáæÛïòæ åáØñÝè2 (ðÝàéáðææ áééÝÙæ òÝðÝàïàáãðØÝ åáäÚêæ çãò) 
 

ì#ñòÙ éðÝïÜ ØñÝè; .åáðÝàéáðææ åê ÙÝäáñÙ òÝæÛïòæ òÝðÝàïàáãðØ 
 

éÝÙäáé 
 òÝðÝàïàáãðØä åáêÚÝèÜ åáðæØæ ÝÚîÝá éðÝïÜ òðÚéæÙVLSI  àðìÙÝ òÝèÝñ òÝáÚÝäÝèãà åáÙäñæÜCMOS 

 çèáØñ òÝèÝãæÙÝ çæáÝè çÝì òÝðÝàïàáãðØÙ çÜáèáÙ ÙÝäáñÜÝ ÛÝÙáêÝ çÝðãáÞ òÝðÝàïàáãðØ .åáðÝàéáðææÝ
 çÝì.åááÚÝäèØ åáÙñßæÝ åáèÝðáÝè òÝòñð ,çæáÝè 
 
 

 ;òÝðÝïæ 
.òìàÝñÜ òÝðìéÜæ åáðæØæ 

 
159995 áäáÙïæ ÙÝñáßä òÝðÝàïàáãðØÙ ðèáæé  2 'Ü 

)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 

 
ðîÝïæ áðÙê åñáäáÙïæ ðèáæé : 

 
;åÛï òÝñáðÛ  

159985 åááäáÙïæ åáÙñßæ äñ ÜðÝàïàáãðØ 
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 Ûê* òáðÙêÙ éÝÙäáé61 )ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 
.áäáÙïæ ÙÝñáßä òÝðÝàïàáãðØ äñ åÝßòÙ åááèãÛê åáæÝéðì äñ òáòØÝÝñÜÝ òáòðÝïáÙ Üðáïé 

 .ÙÙñ äê òÝÙáä áÙÝðæ åáÛÙêæÙ òÝÛïæòÜ 
.åÜáäê òðÝïáÙÝ åáðæØæ òðáïé äñ òÝáèÝáðèáæé òÝØîðÜ áòñ ëòòñæ äã çáãá ðèáæéÜ òðÚéæÙ 

 
 

 ;òÝðÝïæ 
æ åáðæØæòìàÝñÜ òÝðìéÜ 

 
 ;ÜÛáæä òÝØîÝò 

:äÚÝéæ ÜáÜá àèÛÝàéÜ éðÝïÜ åÝáéÙ 
1. òìàÝñÜ òÝðìéÜæ åááàèÙäð åáðæØæ ØÝîæäÝ ñìßä 

2. áòØÝÝñÜÝ áòðÝïáÙ çìÝØÙ åáðæØæ ðÝïéä 

3.  âðÛ ,ðïßæÜ òÝäØñä çòæØòÜÝ ðïßæÜ òÝàáñ ,ðïßæÜ òÝäØñ ,ðæØæÙ òÝèñÛß áÙÚä ÜêÛ ñÙÚä
 åáìðÚÙ çÝãè ñÝæáñ ,ðæØæÙ ðïßæÜ òÚîÜ ,òÝæÛÝï òÝÛÝÙêä ÜØÝÝñÜ ,ÜÚîÜÜ òÝðáÜÙ ,åáàÝàðñÝ

.ðæØæÙ ðéÝß áÝÜáÞ 

 
 

 òáäÚèØÙ éðÝïÜ åñSeminar in Parallel Computing Architecture 

 
English syllabus:   

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

architecture, focusing on many-cores. 

 Each student will prepare and present two seminar lectures describing, comparing and criticising 

several papers. 

 

Learning Outcome: 

Upon  completing of this  course, the students will be able to: 
1. Search and find relevant papers in current literature 

2. Study papers in critical and comparative manners 

3. Form opinions about novelty, research questions,  proper use of figures and charts, clarity, 

comparison to previous work, and defficiencies in the  papers. 

 
 
 

048885 òéÛèÜÙ åáæÛïòæ åáØñÝè åáÙñßæ 
 

ä/ íáÙá 
ð/ ðéÝèáÚ 
 

2 'Ü 
)2 (òÝÛÝïè 

 
 Ø#ìñòÙ éðÝïÜ ØñÝè òÝðÝàïàáãðØVLSI  ëÝîáðäDNA òáæÝèÚ ÜÞáäèØÝ 

 
ðîÝïæ áðÙê åñ ; òÝðÝàïàáãðØVLSI  ëÝîáðäDNA 

 

;åÛï òÝñáðÛ  

òÝÛáæî òÝñáðÛ0ëéÝè áÝãáÞ Øää òÝêÝîïæ0ÜÜÞ êÝîïæ0åÛï òÝêÝîïæ  
 ÝØ ÜáÚÝäÝáÙÙ êïðÙ âðÝî äã çáØÜïáæÝèÚ 

åáÙñßæ ÝØ äæñß òéÛèÜÙ çÝñØð ðØÝò áæááéæ / áäêÙ äãä åáØòæ 
 

 òáðÙêÙ éÝÙäáé 
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 ëÝîáðDNA  àÝäñä ëØ åáæáäÝ ,çáÙÜä Ýèäñ òäÝãáÙÝ òÝìÝðò ßÝòìÙ ,ÜØÝìðÙ ,áÚÝäÝáÙ ðïßæÙ âìÜæä ØáÙÜ
áæÝèÚÜ êÛæÜ .òáñÝèØ ÜáîÝäÝÙØÙ  Üàáäñ Ýòãáðê äñ Ùîæä ,Ýèäñ áàèÚÜ ÛÝïÜ òèÙÜ äñ Ùîææ òÝðáÜæÙ åÛïòæ

 çãäÝ òÝÛÙã ÙÝñáß òÝæáñæ òÝÝÜæ ÜÞáäèØÝ ëÝîáð .òÝìáÚæ ðÝîêäÝ òÝñï òÝäßæ Øìðä ÜÝÝïòÙ ðñìØáñ Üæ ,ÝÙ
ÙÝñáßÜ òîØÜä òÝðÝàïàáãðØÙ ïÝéêè 

 
 

 ;òÝðÝïæ 
 
 

 ;ÜÛáæä òÝØîÝò 
 
 

4. åáàèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê  ëÝîáð äñ òÝÛÝéá ÝÛæäáDNA  ÜÞáäèØ òðñðñ ÝðáãáÝ
  òáæÝèÚ 

5.  åáàèÛÝàéÜòáæÝèÚ ÜÞáäèØ äñ åáæòáðÝÚäØÝ ÛÝéáÜ áèÙØ òØ áèàðì çìÝØÙ Ýðáãá . 

6.  åáàèÛÝàéÜ.ÜïáæÝèÚ áîáØæ äñ çÝèãòÜ òÝèÝðïêáÝ òáæÝèÚ ÜÞáäèØ òîØÜ äñ åÝßòÜ òØ Ýðáãá 
çÝáîÜ ÙãðÜ ; äñ ÜØîðÜ äê ééÙòá çÝáîÜ åáéßááòæÜ åáðîï åáäáÚðò äêÝ ,éðÝïÙ òá/àèÛÝàéÜ

åáðßØ äñ òÝØîðÜä 

 

 

 

òáäÚèØÙ éðÝïÜ ØñÝè: DNA sequencing and Genome Analysis VLSI Architectures for  

 

English syllabus: 

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

healthcare, in pharmaceutics and, eventually, in our ability to control our own evolution, heritage 

and species. Science is progressing fast from mere understanding of our genetic code to being able 

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

The course will cover the following topics: 

¶ The challenges of, and algorithms for, DNA sequencing, genome analysis pipeline and 

toolchain.  

¶ The reasons for, and the purpose of, accelerating bioinformatics computations. 

¶ A short intro into high-throughput DNA sequencing  

¶ Recently developed bioinformatics and genome analysis techniques such as  

o Conversion of electrical signals into DNA basepairs (basecalling) using Recurrent 

Neural Networks 

o A variety of genome analysis ñbuilding blocksò such as Smith-Waterman DNA 

sequence alignment, suffix arrays, kmers and minimizers, seed and extend techniques, 

De-Bruijn graphs etc.   

o Short and long DNA read alignment 

o Reference based genome assembly 

o De-novo genome assembly 

o Variant calling using Convolutional Neural Networks.  

¶ VLSI accelerators for bioinformatics, and their software-hardware co-design.  

The course will combine lectures and student seminars for presenting and criticizing leading papers 

about the topic.   

 

 
 

Learning Outcomes: 
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1. At the end of the course, students will learn the basics of DNA sequencing and gain 

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, and gain an understanding of the design principles of genomic 

accelerators  

 
 

 

 

159997 Ùñßæ òÝãðêæÙ ðèáæé ÜÙÝèäáÝ /ä 
 

2 'Ü 
)2 (òÝÛÝïè 

 
 

;åÛï òÝñáðÛ  
046267 ú ÝØ  åáÙñßæ ÜèÙæ 
236267 - åááòðìé åáÙñßæ ÜèÙæ 

  
 òáðÙêÙ éÝÙäáé 

 ÜäØã çÜÝ ðïßæÜ òáÞßæ ÜäØã çÜ ,Ùñßæ òÝãðêæ òéÛèÜ åÝßòÙ åáðßÙè åáðæØæ ðÝïéá éðÝïÜ
 äêÝ åáÙð ÜèãÝòÝ ÜðæÝß áÙáãð òääÝãÜ òãðêæã Ùñßæä òÝéßááòÜ äê åñÝá ñÚÛ  .åááéØäï åáÙñßèÜ

 çÝÚã åÝßòÙ åáäáÙÝæÜ åáéèãÜæ åáðæØæ ÝÚáîáÝ Ýßòèá ,ÝØðïáá åáÛáæäòÜ .åÜáèáÙ çáäæÝÚÜ áéßá
ISCA ,MICRO ,HPCA ,PACT ,PLDI ,OSDI ,SOSP. 
 

 ÝÚîÝá ðñØ åáìéÝè åáðæØæ áèñ äñ Ûáßá ÛÝæê áèÙ åáæÝãáé ñáÚá çãÝ ðæØæ åãéáÝ Úáîá ëòòñæ äã
.éðÝïÙ 

.ÜèáßÙ çáØ .åáðæØæÜ áæÝãáéÝ ðæØæÜ òÚîÜ âæé äê êÙïáá çÝáîÜ 
 
 

 ;òÝðÝïæ 
òìàÝñÜ òÝðìéÜæ åáðæØæ 

 
 

 ;ÜÛáæä òÝØîÝò 
 1 .åÝßòÙ ðïßæÜ òáÞßÙ åáðæØæä ëñßá àèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê . 
 2 ÝòÚîÜÝ ïæÝêä áðïßæ ðæØæ òÛáæäæ Üéèòá àèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê .    
.äÜï áèìÙ 
 3.åáðæØæ äñ òáòðÝïáÙ ÜØáðïÙ Üéèòá àèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê . 

 
çÝáîÜ ÙãðÜ; 

 ÙÝäáñæ êÙïáá çÝáîÜåáðæØæÜ áæÝãáéÝ áèÝáîÝ ÜØîðÜÜ çÝáî 

 

;òáäÚèØÙ éðÝïÜ åñ 

Seminar in Computer Systems Engineering 

 

The course will explore research both cutting-edge and classic papers in computer systems design. 

The course will focus on both hardware and software components and their interplay. The 

students will read, analyze and present research papers from the leading venues in the area, 

including ISCA, MICRO, HPCA, SOSP, OSDI, PLDI and PACT. 
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Learning Outcomes: 
1. The students will be exposed to cutting-edge research papers in the field. 

2. The students will experience studying a research paper and presenting it in class. 

3. The students will experience a critique read of research papers. 

 

 

 

 

159998 áàäÝïìÜ ðïßæä ØÝÙæ  äÚé áðÙß
ÜàäÝïìÙ 

 

1 ,'Ü 0 'ò 
)1 (òÝÛÝïè 

 
;åÛï òÝñáðÛ Øää 
0åÛï òÝêÝîïæÜÜÞ êÝîïæ0òÝÛáæî òÝñáðÛ0ëéÝè áÝãáÞ Øää òÝêÝîïæ; Øää 

 

 ;éÝÙäáé ÜàäÝïìÙ ðïßæÜ áæÝßò òØ áðïßæ ðØÝò åáäïÝñÜ åáàèÛÝàéä ðáãÜä éðÝïÜ òðàæ
 òÝØîðÜ áòñ êÝÙñ äãÙ Ýèòèáá éðÝïÜ òðÚéæÙ .áÛáòê ðïßæ åÝßò ðÝßÙä åÜä ðÝÞêäÝ äæñß òéÛèÜä

ïìÙ åáèÝñ äÚé áðÙß á"ê òÝðîï äñ ðïßæÜ òáÞßÙ åáØñÝè äñ Üðîï Üðáïé Ýääãá òÝØîðÜÜ .ÜàäÝ
 åáàèÛÝàéäÝ ,áèñÜ ðØÝòÜ äñ ÜèÝñØðÜ ÜèñÙ åáàèÛÝàéä ÛêÝáæ éðÝïÜ .äÚéÜ áðÙßáèááàîæå  ÜèñÙ

ÜèÝðßØÜ .çÝñØðÜ ðØÝòÜ äñ 
 
 

 ;ÜÛáæä òÝØîÝò 
 .ÜàäÝïìÙ ðïßæÜ áæÝßò çÝÝÚæä åáàèÛÝàéÜ òØ ëÝñßá éðÝïÜ 

 
çÝáîÜ ÙãðÜ ;çÝáîÜ  éðÝïÜ çã Ýæã .éðÝïÙ ÝÚîÝáñ åáØñÝèÜ ÛßØ äñ Üðîï Üðáïé òÛÝÙê äê ééÙòá

.ðàéæéÜ âäÜæÙ òßØ òÝðÛêÜ ðòÝáÜ äãä ðñÝØò àèÛÝàé äãä .òÝßãÝèÙ ÜèòÝæ 

 

 òáäÚèØÙ éðÝïÜ åñIntroduction to departmental research 
 

English syllabus:  The class objective is to introduce the departmental 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 members will give 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. 

 
 

 

159999 îïÝäÙ áäÝïÝàÝðì(çáá òÝêÙàæÝ 
åááìðÚÝàìáðï 

äááØ /Ø 
 

2 'Ü 
)2 (òÝÛÝïè 
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ÜèñÜ çòèáá Øä 
 

ðîÝïæ áðÙê åñçáá'îïÝäÙ :  åááìðÚÝàìáðï òÝêÙàæÝ 
 

;åÛï òÝñáðÛ  
ØÝÙæ áèÙæä åáèÝòè åáæòáðÝÚäØÝ ÝØ  

áèÙæ åáèÝòè  (ß"æÛæ) 
 

 òáðÙêÙ éÝÙäáé 
òÝêÙàæ åááìÚðÝàìáðï åáñæÝææ âðÛÙ ääã äê áÛá òñð p2p òðÞêÙ áäÝïÝàÝðì îïÝäÙ'çáá .òÝèÝãòÜ òÝßàÙÜÜÝ 
äñ åáäÝïÝàÝðì ÜäØ òÝÚáñæ ÜßàÙØ òðéß åáÛïò äê áÛá ÙÝäáñ òÝïáèãà òðÝòæ åáïßñæÜ ,òÝãðêæ 

òÝðÞÝÙæ ,ÜáìðÚÝàìáðïÝ .ÜðÝàïàáãðØÜ åÜäñ Üäêæ çÝÝÚæ òÝäØñ òìñÝßÝ åáðÚòØ åÝßòÙ ÜßàÙØÜ ,òÝáàðìÜ 
åáêÝîáÙÜÝ. éðÝïÙ ÝÛæäáá òÝØîÝò çãÝ çáá'îïÝäÙ áäÝïÝàÝðì ßÝòáèÝ çãòä åáäã òÝáéØäï  :åÝßòÙ òÝáÝÝñãêÝ

 ,òãðêæ çãò ,ÙÝïðæ òÝØðñðñ ,áèÝðãèáéØ/áèÝðãèáé äÛÝæÙ éÝÞèîèÝï ,ÜèìîÜÝ Üæáòß òÝæãé ,äÝÙðê òÝáîïèÝì
) ÜÛÝÙê òßãÝÜ ,åáæãß åáÞÝßÝ òÝáîïÞèðà ,áéáéÙ çáá'îïÝäÙ ,åáêÝðáØ òééÝÙæ ÜáîäÝæáéPoW òßãÝÜ ,(

) ÜêïñÜPoSçáá'îïÝäÙ ,åááéØäï åááìðÚÝàìáðï òÝêÙàæ ,(  .òÝáàðì ,çáá'îïÝäÙÙ ÜèÚÜÝ ÜìïòÜ ,ðáÜæ 
 

 :(Ùááßæ Øä) òÝêÝÙñ áìä ÛÝæáäÜ òáèãÝò 
1.  ØÝÙæú åááìðÚÝàìáðï òÝêÙàæÝ çáá'îïÝäÙ 

2. ) åáêÝðáØ òééÝÙæ ÜáîäÝæáéevent-driven (ú  (ÙÝàð äáÚðò òÙÝàä) ñÝæáæÝ òÝèÝðïê 

3. ) äÝÙðê òÝáîïèÝìhash (ú  äÛÝærandom oracle,åáèÝòè áèÙæ ,ñÝæáæ , Ù ÜáîÞáæáàìÝØ-PoW . 

4.  ÜèìîÜÝ Üæáòß òÝæãéú RSA ,EC 

5. ú"ú  

6.  åáæãß åáÞÝßú  òÝáîïÞèðàBitcoin  äÛÝæÝUTXO  

7.  åáæãß åáÞÝßú Ethereum Virtual  

8.  åê çáá'îïÝäÙÙ éÝÞèîèÝïPoW ú  åááéØäï åáäÛÝæ òæÝêä ÝàÝæïè äÛÝæ 

9.  çáá'îïÝäÙÙ òÝìïòÜÝ åáîáðæò 

10.  åáæÛïòæ çáá'îïÝäÙ áæòðÝÚäØú NG, Hybrid, Byzcoin, Solida  

11.  Øää çáá'îïÝäÙPoW ú PoS ,Permacoin  

12. ) ÜñðÝæ çáá'îïÝäÙpermissioned (Hyperledger Fabric  

13.  òÝáàðìú  òÝßãÝÜÝ åáäÙðêæzero-knowledge  

 
òÝðÝïæ:  

6. Narayanan, Bonneau, Felten, Miller, Goldfeder, Clark. Bitcoin and Cryptocurrency 

Technologies. Princeton. 2016  

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

Media. 2014  

8.  òáêÝîïæÜ òÝðìéÜ çæ åáðæØæ 
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 ;ÜÛáæä òÝØîÝò 
òÝðãÜ åê îïÝäÙ áäÝïÝàÝðì ßÝòáèäÝ çãòä åáñÝðÛÜ åáäãÜ' åê òÝðãáÜÝ åááìðÚÝàìáðï òÝêÙàæÝ çáá
áÞßåÝßòÙ ÜáÚÝäÝèãàÜ ò.  :äÚÝéæ ÜáÜá àèÛÝàéÜ éðÝïÜ ðßØä 

1.  çáá'îïÝäÙ äÝïÝàÝðì äñ òÝáàðìÝ ÜßàÙØ ßòèä 

2. ääãÙ éÝÞèîèÝïÝ àðìÙ çáá'îïÝäÙ áäÝïÝàÝðì äñ åáêÝîáÙ òÝæÛäÝ ßòèä 

3.  ÜáòÝÙãñ äã äê ,çáá'îïÝäÙ òãðêæ çèãòä 

 
çÝáîÜ ÙãðÜ ;åáÙÝàðÝ åáñÙá òáÙ áäáÚðò.  

;òáäÚèØÙ éðÝïÜ åñ Blockchain and Cryptocurrency Protocols 

 
English syllabus:   

 

Sources:  

6. Narayanan, Bonneau, Felten, Miller, Goldfeder, Clark. Bitcoin and Cryptocurrency 

Technologies. Princeton. 2016  

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

Media. 2014  

8. Recent academic publications  

 
Learning Outcomes: 
Χ 
 
Grading:  
Dry and wet assignments.  
 

 

15999: 
 

Ù ðèáæéåáÙñßæ òÝòñðÙ òáÙÝñáß ÜÛáæä áéäéï /á  2 'Ü 
)2 (òÝÛÝïè 

 

ðîÝïæ áðÙê åñ: òÝòñðÙ ÜÛáæä 

 

 ;åÛï òÝêÝîïæ 
044334  àèðàèáØÝ åáÙñßæ òÝòñð1 Ý- 

046195 òÝÛæÝä òÝãðêæ 

.åáæÝÛ åáéðÝï ÝØ 

 

òáðÙêÙ éÝÙäáé: 

 ðïßæ áØñÝèÙ åÛïòæ éðÝïÙ òáÙÝñáß ÜÛáæää åáðÝñïÜ åááèãÛêá éðÝïÜ .åáÙñßæ òÝòñð Üéã åáðæØæ

òÝòñð äñ åáéèãÙ åáñÛß  .ÜÛáæäÝ 

åáääÝã åáØñÝèÜ ÜÛáæä ,åáéæÝê òðïÙ ,ÙÝòáè çÝÚã ,òÝòñðÙ åáæÝñáá çÝÝÚæä ÜáîÞáæáàìÝØÝ òÝäáÙß çÝæÞáò ,

.åÝäÙ áèèéæÝ ,äÝÙðê 

éðÝïÜ åÚ åáØòæ áÛÝæáä åáäïÝñÜ ÜãæéÜÙ åáàèÛÝàéä åáæÛïòæ åáðØòä åòÝòñðÙ .òáÙÝñáß ÜÛáæäÙÝ 
 

 ;òÝðÝïæ 
åáðßÙè åáðæØæ òÝòñð äñ åáéèãÙ åáñÛß .ÜÛáæäÝ 
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 ;ÜÛáæä òÝØîÝò 

 ðïßæÜ òÝÛÝéá òèÙÜ (Ø)ä ÜáîÞáæáàìÝØÝ òáÙÝñáß ÜÛáæäÙåáÙñßæ òÝòñðÝ ; òáèãÛê òÝðìé åê òÝðãáÜ (Ù)  ;- 
  (Ú) òñáãð.òáêÛæ ÜØîðÜ òÝáÝèæÝáæ 
 

çÝáîÜ ÙãðÜ ; 
 òÝìòòñÜ äêÝ ,ÜÛáæä åòáðÝÚäØ äñ ñÝæáæ åê áðïßæ àïáÝðì äê ,ÜòáãÙ ðæØæ òÚîÜ äê ééÝÙæ ÜáÜá çÝáîÜ

.Üäáêì 
 

;òáäÚèØÙ éðÝïÜ åñ 

Machine Learning for Computer Networks 

 
English syllabus:   

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

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

The topics include machine learning and optimization for a wide range of networking applications, 

such as routing, congestion control, packet scheduling, hashing, and Bloom filters. 

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

machine learning. 

 
Learning Outcomes: 
(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.  
 

159:14 åáæÛïòæ åáØñÝè  ÜïáèÝðàïäØÝðïáæÙ2  Ø/ çæãáÝÚ 

 

2 'Ü 
)2 (òÝÛÝïè 

 
 ì"ñò ÙáÙØ ðàéæéÙ çòèáá éðÝïÜú .âñæÜÙ çãÛêòá éÝÙäáé 

 
 

159:16 Øä ÜïáàìÝØ.ÜáñÝæáñÝ òáðØèáä 
 

 2 'Ü 
)2 (òÝÛÝïè 

 

ÜèñÜ çòèáá Øä 
 

;åÛï êÝîïæ 
044339 ú ÜïáàìÝØÝðàïäØ 

ÙÝàáï òÝáäÙáàìéÝéÝ Øä åááðØèáä ðïáêÙ) ðÝØáò ;(áìÝïéÝðïæ òÝàñìòÜ  åáäÚòÝØÝÝñæÝ äÚÜ 

òÝÛÝæîÜ âÝÝòÙ Øä ðÝðê ,áðØèáä-ÜáèÝæðÜ Üáèñ òÝÜÝÙÚÝ òááêÙ .ÜïáàìÝØÙ ðòÝá åÝØáò ÜÞØìÜ 

òÝèÝðòìÝ ÛÝïáææ ;åáèÝñ åáàïìØÜ ;áæîê ÝàéÝïØÜ,  ÝàèÚæ ÝðàïäØÝ-áðÝÞáì ,åááàìÝØ çæð çØÝäáðÙÝ 

ÜðÙÚÜ ;(åáîäÝØæ) áØ ;åááðàæðì ÜáîäáéÝØÝ-òÝáðØèáä áßèæÙ åáÙáé ,äÚ åááàìÝØ åáÚñÝæ ,åáðÞááäÝ 

äñ ÛÝæáî òïáàìÝØ êìÝæÜ ÜáñÝæáñÝ çÝïáòÙ áòÝÝêæ ÜÞØì  .åáðÞááäÙÝ 

 

 
 

 
;òÝðÝïæ 
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Yariv, A.  Quantum Electronics.  3rd ed. Wiley, 1989.  s.n. 2067866.  

 

 

048907   òÝæáÛÙ ÜáæÝñááÝ òáÙáéÝìáÛ ÜïáàìÝØ
ÝáÙ. áØÝìð 

äàèÞÝð /Ø 
 

2  ,'Ü0 'ò 
)2 (òÝÛÝïè 

 

ðîÝïæ áðÙê åñ : òáÙáéÝìáÛ ÜïáàìÝØ 
 

;åÛï òÝñáðÛ  
òÝÛáæî òÝñáðÛ0ëéÝè áÝãáÞ Øää òÝêÝîïæ0ÜÜÞ êÝîïæ0åÛï òÝêÝîïæ  

114210  ÜïáàìÝØ 

ÝØ 

336533 ÝáÙ ÜïáèÝàÝìÝ ÜïáàìÝØ òÝÛÝéá-òáØÝìð 

ÝØ 

044246 .òÝÚäÝìæ òÝãðêæÝ åáäÚ 

 

 Ûê* òáðÙêÙ éÝÙäáé61  ëáéÝÜä çòáè -åáäáæ)ÛÝæáä áØñÝè ëéÝèÙ 
 òÝðñìØæ ðñØ òÝáèãÛê òÝàáñ ðÝïéáÝ ÜæïðÙ ðÝØ òÝàñìòÜ äñ åááäïáéáìÜ òÝÛÝéáÜ òØ Úáîá éðÝïÜ
 çÜÙ ïæÝê òÝäïéÙ òÝáìðÚÝæÝà òÝæáÛ òÝàáñ äê ðïáêÙ çòèáá ñÚÛÜ .òÝèÝñ ïæÝê òÝäïéÙ áàìÝØ òÝæáÛ

ßòÙ ðïáêÙ åááèãÛê åáæÝñáá ðÝïéá éðÝïÜ .çáàÝäßä áìáéÝìáÛ ðÝØÜÜØÝìðÜÝ ÜáÚÝäÝáÙÜ áæÝ  . 
 

òæáñð åáØñÝè; 

1( åáèàï åáïáïäïßæ ðÝØ ðÝÞáì 

2( ÜáîäÝæáé áäãÝ åáäÛÝæ :ÜæïðÙ ðÝØ òÝæÛïòÜ 

3( áàìÝØ òÝæáÛä òÝáàéáäÙ òÝàáñ 

4( áàìÝØ òÝæáÛä òÝáÙáéÝìáÛ òÝàáñ 

5( áàìÝØ òÝæáÛä òÝÙäÝñæ òÝàáñ 

 
 

 ;òÝðÝïæ 
 

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

29, 2007). 

2) A. Mandelis, "Diffusion-wave 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. Rosenthal et al., ñAcoustic inversion in optoacoustic tomography: a review,ò 

Current Medical Imaging Reviews, Vol. 9, 2013. 

5) P. Mohajerani, et al., ñOptical and optoacoustic model-based tomography: theory and 

current challenges for deep tissue imaging of optical contrast,ò IEEE Signal 

Processing Magazine, Vol. 32, 2015. 

 
 ;ÜÛáæä òÝØîÝò 
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:êÛá àèÛÝàéÜ éðÝïÜ åÝáéÙ 
 
1 ÜæïðÙ ðÝØ òÝàñìòÜ äñ åááäïáéáìÜ òÝèÝðïêÜ òØ . 
2 .åÝßòÙ åáîÝìèÜ åááðæÝèÜÝ åááàáäèØÜ åáäÛÝæ . 
3 .åáäÛÙÜÜ ðÝïæ òØ  ðáÙéÜä äãÝáÝ òÝèÝñÜ òÝæáÛÜ òÝàáñ äñ òÝèÝðéßÜÝ òÝèÝðòáÜ òØ ßòèä . 
 

òáäÚèØÙ éðÝïÜ åñ 

 

Diffuse optics and its application in biomedical imaging 

English syllabus:   

The course will present the foundations of light propagation in tissue and review current optical 

imaging techniques which enable tissue visualization at several scales of depth. Special attention will 

be given to tomographic approaches for imaging depths in which light is completely diffusive. The 

course will review current applications of diffuse light mostly in the fields of biology and medicine.    

 

 Specific topics: 

1) Light scattering by small particles 

2) Light propagation in biological tissue: Models and simulation tools 

3) Baslistic techniques in optical imaging 

4) Diffusive techniques in optical imaging 

5) Hybrid techniques in optical imaging 

   

 

Learning Outcomes: 

At the end of the course  the students will be  

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

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

3.capable of analyze the advantages and disadvantages of the various imaging techniques 

and will know how to the origin of the  differents  .  
 
 

159:19  ÜïáèÝðàïäØÝðïáæÙ åáæÛïòæ åáØñÝè3 ñáêá /á 
 

2 'Ü 
)2 (òÝÛÝïè 

 

 ;ì#ñò òèñÙ ØñÝèÜòÝáðÝèáî çæßì ,çìðÚ áðæÝßÝ çØÝ ðÛ-éäØÝ ÝÛ åááÛæáæ 
 

ðîÝïæ áðÙê åñ : ÛæáæÙ ÜïáèÝðàïäØ1 Ý-2 
 

;åÛï òÝñáðÛ  
044125 æ"äæ áèïòÜ òÝÛÝéá 

114073  Üïáéáì3 ÝØ 'ß046241  ÝØ òáàèÝÝï Üïáèãæ115203  òáàèÝÝï Üïáéáì1 
 

 òáðÙêÙ éÝÙäáé 
ÝÛÝ Ûß åáèÙæÙ òáäæñß ÜãäÝÜ .çæßì òÝáðÝèáîÝ çìðÚ äñ åáéì ÜèÙæ- áæÝéßæ .ðÝÝØÛèä òááðÝØáò .åááÛæáæ
ÝÛÝØéìÝ çáìé áæðÞ .áÙæÝäÝï åÝéßæÝ òÝáàèÝÝï òÝÛÝïè .áïàÝñ-ðÛ çØÝ áðæÝß áééÝÙæ åáÙðÝêæ åáèÙæ .çáìé-
.òÝáàìÝØ òÝèÝãòÝ òÝÛááè ,ÜáÚðèØ ðêì .åááÛæáæ ÝÛ éäØÝÝ 
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 ;òÝðÝïæ 

 
1. Datta, S. Electronic Transport in Mesoscopic Systems. Cambridge Univ. Press, 1995. s.n. 

2199290 

2. Saito, R., Dresselhaus, G., Dresselhaus, M.S., Physical Properties of Carbon Nanotubes. 

World Scientific Publishing Company, 1st ed. 1998. 

3. Few review papers in the field 

 
 
 

 ;ÜÛáæä òÝØîÝò 
 

ÝäØ åáðæÝß äê Ûæäè éðÝïÜ âäÜæÙ ,åÜäñ òÝèÝñÜ çÝáìØÜ òÝàáñ äê ÜááñêòÙÝ ðïßæÙ åÜäñ åáñÝæáñÜ äêÝ .
.åÝßòÙ òÝæÛïòæÜ òÝØîÝòÜ òØ ßòèäÝ çáÙÜä äãÝáÝ åÝßòÙ áÝÝñãêÜ ðïßæä êÛÝÝòá àèÛÝàéÜ éðÝïÜ ëÝéÙ 

 

çÝáîÜ ÙãðÜ;  &41  -òáÙ áäáÚðò81& ðæØæ ßÝòáèÝ òÚîÜ 

òáäÚèØÙ éðÝïÜ åñ                       tubes Graphene and van der Waals MaterialsCarbon Nano 

 
English syllabus:  ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 61 Ûê 

Band structures of graphene and carbon nanotubes. Electrical transport through 1-dimensional and 

2-dimensional structures. Landauer theory. Schottky barrier. 

Quantum dots and Coulomb Blockade. Spin and valley current. Heterostructures based on van der 

Waals 2 dimensional materials. Band gap, mobility, and optical properties. 

 
Learning Outcomes: 

During this course the student will study about 2D materials, their characterization methods, 

and their applications in research and industry. By the end of the course the student will be 

aware to up to date research in this field and be able to understand and analysis advanced 

results in this area.  

 

159:23  çãò ÜðïÙ òÝãðêæ äñ áèðÛÝæ 
 

 2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

éðÝï ÜÞ åãéæ òØ òÝàáñÜ òÝñÛßÜ çÝèãòä ÜðïÙ òÝãðêæä òÝáðØèáä. 
 
Úáîè ðïÙèÝ òØ òÝàáñÜ :òÝØÙÜ 

1.  çÝèãò äñ ÜðáïéLQR ,LQG Ý- LQG/LTR   - 2H. 

2. ¤H  ÜÞòèáéÝm-¤H  .åáîÝäáØ åê 

3. 1l  ÜÞòèáéÝ1l áØ åê òãðêæä- .òÝØÛÝ 

 
;òÝðÝïæ 

 
1. M.A. Dahleh and I.J. Diaz-Bobilla: "Control of Uncertain Systems: A. Linear  

           Programming Approach", Englewood Cliffs, N.J., Prentice Hall, 1995. 

2. K. Zhou, John Doyle and K. Glover: "Robust and Optimal Controlò. Englewood  

           Cliffs, N.J., Prentice Hall, 1995. 
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159:29  åáÙäÝñæ åáäÚêæ òïáÛÙÝ òãáðêä åáæòáðÝÚäØ 

 
 2 'Ü 

)2 (òÝÛÝïè 
 

 ðìéæ éðÝïÙ ëäßÝÜ éðÝïÜ046918. 
 
 

 

159:32 
 

 òÝèÝæò ÜèÙæ -ÜáØðÙ åáæÛïòæ åáØñÝè 
 òÙñßÝææ ÜáØðÝ2 

çáÝä /ê (ìÝðì 2'Ü 
)2 (òÝÛÝïè 

 
 

ì#ñòÙ éðÝïÜ ØñÝèáÙÝñáß åÝäáî : 

;åÛï òÝñáðÛ  ÜáðÝì áæðÝìéèðàÙÝ òáðØèáä ÜðÙÚäØÙ êÛá 

 
 òáðÙêÙ éÝÙäáé  

 òÙñßÝææ ÜáØð ,òÙñßÝææ ÜïáìðÚ çáÙ ðìòÙ ßòìòæÝ ñÛß ðïßæ åÝßò ØÝÜ áÙÝñáß åÝäáî
 åäîä Ýèä ðñìØäÝ ÙÝñáß òðÞêÙ òÝáàðÛèàé åÝäáî òÝãðêæ äñ òÝäÙÚæ äê ðÙÚòÜä Ýòðàæ .ÜïáàìÝØÝ
 åÝäáîÙ áÝàáÙ áÛáä òÝØÙ òÝáîïáäìØÜ  .åäÝêÜ äê ðòÝá ÜðáñêÝ ðòÝá ÜÙÝà ÜáîæðÝìèáØ ÛÝÛæä ÝØ

æÝáæÝá .áØÝìð åÝäáîÝ ÜáìÝïéÝðïáæä ÜáæÝèÝðàéØæ ,ðïßæÜ áæÝßò äãÙ åÚÝ á 
:ÛÝæáäÜ áØñÝè 

 ÝØ ÜêÝèòÜæ ÜØîÝòã ñÝàñà òðéÜ ,ñÝàñàÝ ÜÛñ ïæÝê ,òáéáéÙ ÜïáàìÝØ ,åÝäáî òÝãðêæ äñ ÜÚîÜ
 ÜðÝØò ,áæèáÛ ßÝÝà òÙßðÜÝ òÝèÝæò òÝðÛé ,ðÝØ òÝÛñ ,íÝÝãæ åÝäáî , òÝáÙÝñáß òÝæäîæ ,éÝïÝìáÛæ

áÙÝñáß.ÜìÝêò çæÞ ,ÜèîéÙ ðÝØ ðÙêæ ,ò 
 
 

 .åÝßòÙ åáèÝðßØ åáðæØæ äê ééÙòá éðÝïÜ :òÝðÝïæ 
 
 

.áÙÝñáßÜ åÝäáîÜ åÝßòÙ òÝáèãÛê òáðïßæ òÝØîÝò åêÝ éáéÙÜ åê òÝðãÜ :ÜÛáæä òÝØîÝò 
 

çÝáîÜ ÙãðÜ ; ÙÝäáñ ÜáÜá éðÝïÜ çÝáîÜ .ðèáæé òèÝãòæÙ åáàèÛÝàé òÝØîðÜÝ òÝáäàèÝðì òÝØîðÜ äñ
ðÜ äê ééÙòáòÝØî  .òáÙ áäáÚðò äñ çàï ðìéæÝ ,òÝìòòñÜ ,åáàèÛÝàé 

 

 òáäÚèØÙ éðÝïÜ åñ 

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 overcome the limitations of 

traditional cameras and imaging systems by using computational techniques to capture better 

and richer information about our world. Applications spread from everyday photography to all 

fields of science, from astronomy to microscopy, and in medical imaging.  

 

Topics include: basic imaging and optics, depth of field, defocus and motion deblurring, 

computational cameras, compressive imaging, light fields, burst imaging and high dynamic 

range, computational illumination, light transport, time of flight cameras. 

 

Grading:  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 cutting edge results in the emerging 

field of computational photography. 

 
 

159:33 
 

 òÝèÝæò ÜèÙæ -ÜááØðÙ ÜÛÙêæ 
 òÙñßÝææ ÜááØðÝ 

ßàñÜ áðÝæ  4 'æ 
)2 (òÝÛÝïè 

;åÛï òÝêÝîïæ 
048860 -  ÛÝÙáê .òÝèÝæò 
046326 -  ØÝÙæ òÝòÝØä .åááÚÝäÝáÙ 

;åáîäæÝæ òÝêÝîïæ 
048873 - ÜááØð .òÙñßÝææ 
236501 - ØÝÙæ ÜáîèÚáäàèáØä .òáòÝãØäæ 
236502 - áÝÜáÞ .òÝðÝî 
046332 - òÝãðêæ ÜááØð .ÜêáæñÝ 
044345 -  åáÛÝÙáê åááìðÚ ÙñßæÙ 
048921 - åáØñÝè åáðßÙè ÜááØðÙ ÜèÙæ òÝèÝæò ÜááØðÝ òÙñßÝææ. 

 
ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáñïÙæÜ êîÙä åáàïááÝðì áäêÙ ÜïáÞ ÜèÙæ ,ÜááØðÜ òãðêæä òÝèÝæò 
áÝÜáÞ òÝðÝî åáàÙÜäÝ åáèÝñ äñ ÜááØð åáàïááÝðìÜ .òÙñßÝææ ÝêîÝÙá òãðÛÜÙ ðÙß äÚé ðáãÙ ÝÝÜáÝ 
Ûêî çÝñØð òØðïä ðàéáÚæ òÝÛÝÙê åÝßòÙ. 
 

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

             213034. 
2. Marr, D.: "Vision". Freeman, 1982. rec. 211377. 

3. Serra, J.: "Image Analysis and Mathematical Morphologyò. Academic Press,  

       1982, 1984. rec. 208825. 

åáðæØæ òÝðìéÜæ òìàÝñÜ åáèÝòáêÙ ÛßÝáæÙ : IEEE PAMI .Biological Cybernetics Ý- J. Opt. Soc. Am. 
 
 

159:34 
 

 ðèáæéÜïáèÝðàïäØÝðïáæÙ  
 

 2'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèá Øä 
 

 .ÜîðæÜ äñ ÝïÝéáê åÝßòæ ðïßæ áØñÝèÙ ïéÝêÜ òÝèÝæò ÛÝÙáê åÝßòÙ åÛïòæ éðÝï 
 

ñòÙ éðÝïÜ ØñÝèØ#êåáðáÜæ åááðäÝìáÙ åáðÝàéáÞèðà äñ çÝáìØÝ åáäÛÝæ ,Üïáéáì : 
 

 áØñÝè òãäÝÜ .ÚðÝÛæ òæÝîÝ Ûß ðàáæØ éáéÙ òæÝî .ÙðÝêæ òæÝî äêÙ ðÝàéáÞèðà äñ ÜäÝêìÜ òÝèÝðïê
 àïìØ ,ðÝàïäÝïÜÝ éáéÙÜ çáÙ ÜáÚðèØÜ åÝéßæ òêáèæä òÝàáñ ,ðÝàïäÝïÙ ðÙêæÜ çæÞ ,éáéÙÙ àÝêáæ

 áðàæðì òÛáÛæ ,ÜðÝæò òæãé íÝäáß ,ÜÛñÜ òÝààÝæòÜ àïìØÝ ïðáïS  .íÝäáßÝ äÝáã 

 
; òÝðÝïæ 

òáêÝîïæÜ òÝðìéÜæ åáðæØæ 
 

159:37 
)ñÛß* 

òÝèÝæò ÛÝÙáêÙ åáæÛïòæ åáØñÝè 
 

 
2  'Ü 

)2 (òÝÛÝïè 
ÜèñÜ çòèáá Øä 

 
;åÛï òÝñáðÛ  

046200 ú òÝèÝæò ßÝòáèÝ ÛÝÙáê 
046202 ú åááØðïØ òÝòÝØ 

 
éÝÙäáé 

 ðÝïéá éðÝïÜ .ÜèÝæò ÛÝÙáêÙ òÝáêÙ çÝðòìä òÝáèãÛê òÝáàéáààé òÝñáÚ çÝÝÚæ òðãÜ ØáÜ éðÝïÜ òðàæ
 òÝèÝæò äñ òÝáàéáààé òÝèÝãò .òÝáðàæðì Øä Ûæáæ òÛðÝÜ òÝàáñ .áðàæðì Øä âÝðêñä ØÝÙæ
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 òðéÜä åáæÝñáá .åááØðïØ ÙÝïðæ òÝÛñ .òÝèÝæò ÚÝîááä åááðàæðì ØäÝ åááðàæðì åáäÛÝæ .òÝáêÙà
ð .ÜæäîæÜ äñ ñÝàñàÜ çáêðÚ âÝðêñ ,ÜáîÝäÝÞð òäÛÚÜ ,ñÝàñà òðéÜ ,ñê 
 

 ;òÝðÝïæ 
.òìàÝñÜ òÝðìéÜæ åáðæØæ 

 
 ;ÜÛáæä òÝØîÝò 

 éðÝïÜ òØ Ýæáäñá ðñØ åáàèÛÝàé ,àðìÙ .ÜèÝæò ÛÝÙáêÙ çñÝæáñÝ òÝáéáéÙ òÝáàéáààé òÝàáñ òðãÜ
ÝØ ÛÝÙáê òÝáêÙ çÝÝÚæä åááàéáààé åáäÛÝæ åáØòÜä ÝäãÝá ÜßäîÜÙ âÝðêñ áæòáðÝÚäØ ñææä çãÝ ò

.òÝáêÙ çòÝØ çÝðòìä 
 

çÝáîÜ ÙãðÜ; 

100% áìÝé àïáÝðì 

 
 Course name: Statistical methods in image processing 

 
English syllabus: 

The goal of this class is to expose the students to a variety of statistical methods for solving 

image processing problems. The course will cover an introduction to nonparametric 

estimation. Nonparametric dimensionality reduction methods. Statistical properties of 

natural images. Parametric and nonparametric models for images. Markov random fields. 

Applications to denoising, deblurring, super-resolution, blur-kernel estimation. 
 
 

Learning Outcomes: 

Gaining familiarity with basic statistical methods and their use in image processing. In particular, 
students that will have completed the course successfully will be able to fit the statistical models 
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 

 

 
159:3: )áÙáàìÛØ*  äÚòéæ òÝòÝØ ÛÝÙáê 

 
ðØááÝì/Ø 2'Ü 

)2 (òÝÛÝïè 
 

;åÛï òÝêÝîïæ 
044202 ú òÝòÝØ .åááØðïØ 
044198 -  ØÝÙæ ÛÝÙáêä áòðìé äñ .òÝòÝØ 

 
åáØñÝèÜ ÝèÝÛááñ éðÝïÙ ÜÞ åáæòáðÝÚäØ  :åÜ åááÙáàìÛØ ðÝÙê åáèèéæ åê òÙÝÚò âðÝØÙ åäÜ  ,áìÝé

åòáðÝÚäØ ÜRLS-   ÜèÙæÝ ÜLattice-  çÝèáéÝ áÙáàìÛØ ðÝñáæÙ .ðÛòÜ. 
ñÚÛ åñÝá äê åòáðÝÚäØ ÜLMS- ßÝòáè , ÝáêÝîáÙ åáØèòÝ ÝòÝéèãòÜä ðñØã ÝÚîÝáñ òÝØîÝòÜ çÜ 

òÝñáÛßÜ ðòÝáÙ ïäß .òÝðìéÙ ðãáè éðÝïÙ ñÛïÝá ðÝØáòä åáæÝñáá åáèèéæÜ äñ åááÙáàìÛØÜ åáßàñÙ 

åáèÝñ òðÝñïòÙ ÛÝÙáêÝ òÝòÝØ. 
 

;òÝðÝïæ 
1. Haykin, S. Adaptive Filter Theory. 4th ed. Prentice-Hall, 2002.   

      s.n. 2239459 ï 4th ed., 2002.                               

      s.n. 2169895 ï 3rd  ed., 1996. 

2. Adaptive Filters. Edited by Cowan, C.F.N. and Grant, P.M. Prentice-Hall, 1985.  
      s.n. 2000227 
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3. Widrow, B. Adaptive Signal Processing. Prentice-Hall, 1985. s.n. 2001139. 

4. Honig, M.L. Adaptive Filters: Structures, Algorithms, and Applications. Kluwer Academic 

Publishers, 1984. s.n. 52620. 

5. Sayed, Ali H. Fundamentals of Adaptive Filtering. Wiley, 2003. s.n. 2279866. 

 

 

159:41 ØñÝèÜïáàìÝØÝðàïäØÙ åáæÛïòæ åá                     ðèáæï/ê )3 (òÝÛÝïè 

 

ØñÝè éðÝïÜ Ø#ìñòÙ ; 

ðÝØ òÝáîïØðàèáØÙ ÜáæÝñááÝ òáìÝïéÝðïØæ òáàèÝÝï ÜïáæèáÛÝðàïäØ-ÜïáèÝàÝìÙÝ ðæÝß 

 

ðîÝïæ ØñÝè :MQED 
 

òÝêÝîïæ ;åÛï  
)115203  òáàèÝÝï Üïáéáì1 (ÝØ )124408  (ÜáæáãÙ ÜáæÝñááÝ åáàèÝÝïÜ òðÝòÝØ )046241  (òáàèÝÝï Üïáèãæ 

) åê ÜæñðÜ ðñÝØò åáÛßÝáæ åáðïæÙ *046243 (òÝáàèÝÝï òÝáÚÝäÝèãà 

åÚÝ 

)044140  (åááàèÚæÝðàïäØ òÝÛñÝØ )114246 (ÜïáæèáÛÝðàïäØÝ òÝáàèÚæÝðàïäØ 

 
çÝáîÜ ÙãðÜ ; 

éÜ âñæÙ òáÙ áäáÚðò ðìéæ á"ìê çÝáîÜ òêáÙï.ðæÚ òÛÝÙê äñ ÜÚîÜÝ ÜèãÜ + ðàéæ 
.àèÛÝàéÜ äñ ðïßæÜ ØñÝèä ðÝñïÜ çìÝØÙ éðÝïÜ ðæÝßÙ òñæòñæñ ÜÛÝÙêä (ÛÝÛáêÝ) òÝðñìØ 

;òáðÙêÙ éÝÙäáé 
ðÝØ òÝáîïØðàèáØ ðïß- òÝÙÝñß òÝáîïáäìØ åê ,êÙàÙ åáàïìØ äñ Ùßð çÝÝÚæ ðáÙéÜä Ýèä ðñìØæ ðæÝß

 .òÝßÝòì çááÛê çïäßñ òÝáÛÝéá òÝáêÛæ òÝäØñÝ òÝØîÝòä êáÚáÝ åááðÝàéáÜ åáðæØæÝ åáðìé ðßØ Ùïêá éðÝïÜ
.òÝèÝðßØÜ åáèñÜæ 

 ÜÙÝÚòÙ ñæòñæ :òáàèÝÝï ÜïáæèáÛÝðàïäØä åÝáÜ êÝÛáÜ ðòÝáÙ áääãÜ åÞáäæðÝìÜ òØ éðÝïÜ âðÝØä ßòìè
 òÝãðêæÙ òáàèÝÝï ÜïáèæáÛÝðàïäØ äñ òÝáîïáäìØÙ çÝÛè âðÛÜ âðÝØä .òáàèÚæÝðàïäØÜ (çáðÚ òÝáîïèÝì) åäÜä
áØ åê åáðæÝß ÛêÝ ,òÝáèÝæÞäì òÝæðÝìàäì âðÛ ,åáÛÝÙáØ áðéß åáìÝïñ åáäÚ áãáäÝææ äßÜ ,òÝèÝñ òÝáàìÝØ-
 åÚÝ ,åáïîÝæÝ ,òÝäÝïäÝæ ,åáæÝàØÙ åáðÝñï åáèÝðàïäØ :òÝãðêæ çÝÝÚæÙ òÝáîïØðàèáØ ðØòè .òÝáäØïÝä

.åááàèÝÝï òðÝÙÝ òÝáàèÝÝï òÝÛÝïè Ýæã åááòÝãØäæ åáæÝàØ 
 

 òàáñ òØ åÚ ÛæäèTransition Current  ÜáîÞáàèÝÝï áäÙ òáàèÝÝï ÜïáæèáÛÝðàïäØÙ òÝáÞßò Ùñßä òðñìØæÜ
.áàèÚæÝðàïäØÜ ÜÛñÜ äñ 

 

 ,äÝìáÛÜ ÙÝðáïä ðÙêæ ÜääãÜ åê òáèàèÝìé Üàáäì :åáæéðÝìæ åáðïæ ðìéæ äê åáæÞáäæðÝìÜ òØ åáÚÛè
ÙæØä àïìØ ,Úèá'îèÝÝï ìØÝ ,Üðáîê òèáðï ,ÙÝïèð'î òèáðï ,(ÜáîÞáäæðÝèð) .éïáØÜ åÝßòÙ Üèáðïä çÝàìæÝï àï 

 åáéäÝì äñ òáðØèáä Øä ÜïáàìÝØÙ òÝÜÝÙÚ òÝáèÝæðÜ ðÝîáá Ýæã åáñÛß åáðñïÜÙ ÜáðÝØáòÜ äñ òÝääãÜÙ çÝÛè

ÝàØÙ-) Üèáðïä òáæîê ÜÙÝÚò äñ ÜßÝòìÜ ÜáêÙÜÝ ,òÝáèñradiation reaction.( 
:åÝßòÙ åáðßØ åáéðÝïÙ ïáæêÜä çòáè åÜÙ åáàïìØä åáðñï äê êáÙîè  åáêÙÝèÜ òÝßÝãÝ ðÝßñ ëÝÚ òèáðï Ýæã

çØÝ) áàèÝÝïÜ åÝïØÝÜæ-.(ðáæáÞïÝ éäØÝ ðÛ 
 

åáØñÝè àÝðáì åÝãáé òðÞêÙ) òáàìÝØ ÜÙáÙé ÜéãæÜ ðòÝáÙ ÙßðÜ Üðïæä òÝääãÜ åê Üáèñ ÜáîÞáàèÝÝï :
áØÝ åáÛÝÙáØÙ äÝìáàÝ çáðÚ òÝáîïèÝì-.òáìÝïéÝðïØæ òáàèÝÝï ÜïáæèáÛÝðàïäØ äñ òÝèÝðïê ,(òÝáäØïÝä 

 

 ,äÝìáÛÜ ÙÝðáïä ðÙêæ åáèÝïáò ,òÝðáÞñÝ åáèÝàÝì ÚÝÞ äñ òáèàèÝìé Üàáäì ,ÜáîÞáäæðÝèðÝ ÙæØä àïìØ ,Úèá'îèÝÝï
.Üèáðïä òáæîê ÜÙÝÚò ,òÝÜÝÙÚ òÝáèÝæðÜ ðÝîáá ,çÝàìæÝï ðÝÞáì ,Üðáîê òèáðï ,ÙÝïèð'î òèáðï 

 

;ÜÛáæä òÝØîÝò 
1.  òáàèØÝÝï ÜïáæØèáÛÝðàïäØ äñ åáäã äÚðòáÝ äáêìá àèÛÝàéÜ òáìÝïéÝðïØæ 
2. ðïßæ òÝáêÙ ðÝÙê òáìÝïéÝðïØæ òáàèØÝÝï ÜïáæØèáÛÝðàïäØ äñ åáäã ßòìá àèÛÝàéÜ 

 
 
;òÝðÝïæ 
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¶ Cohen-Tannoudji, C., Dupont-Roc, J. and Grynberg, G., Atom-photon interactions: basic processes and 

applications (Wiley-VCH, 1998). 

¶ Cohen-Tannoudji, C., Dupont-Roc, J. and Grynberg, G., Photons and Atoms-Introduction to Quantum 

Electrodynamics (Wiley-VCH, 1997).  

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

¶ Harris, E.G., A pedestrian approach to quantum field theory (Courier Corporation, 2014). 

¶ Novotny, L. and Hecht, B., Principles of nano-optics. (Cambridge university press, 2012). 

¶ Scheel, S. and Buhmann, S.Y. Macroscopic QED-concepts and applications. Acta Physica Slovaca 58, 

675 (2008) (arXiv:0902.3586, 2009) 

¶ Lewenstein, M., Balcou, P., Ivanov, M.Y., Lôhuillier, A. and Corkum, P.B., Theory of high-harmonic 

generation by low-frequency laser fields. Phys. Rev. A 49, 2117 (1994). 

 
;òáäÚèØÙ éðÝïÜ åñ  

Macroscopic quantum electrodynamics: applications in light-matter interactions and photonics 

;òáäÚèØÙ ðîÝïæ åñ MQED  

English syllabus:  

The study of light-matter interactions allows us to explain a wide range of effects in nature, with important 

applications and fundamental scentific questions, some of them are still open. The course 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 electromagnetism. 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: bound electrons in 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 

quantization of the electromagnetic field.  

 

The course will demonstrate the formalism on several famous cases: spontaneous emission with a generalization 

beyond the dipole approximation, quenching, Lamb shift (renormalization), Cherenkov radiation, 

bremsstrahlung (stopping radiation), Compton effect for X-rays. 

We will discuss generalizations of the theory in new contexts such as high-harmonic generation in nonlinear 

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

We will point on connections to effects that are thought in further depth in other classes in the field: such as 

black-body radiation and forces arising from the quantum vacuum (Casimir and van der Waals). 

 

Summary list of topics: Second quantization with generalizations to the widest case covering an optical (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 dipole approximation, 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 tools of macroscopic quantum electrodynamics for research problems 

 

 

048931   çÜáñÝæáñÝ ÜáîæðÝìèáØ òÝÛáæ çÝññ/á 2 'Ü )2 
(òÝÛÝïè 
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 ðàéæéÙ "ÜáîæðÝìèáØÜ òðÝòÝ òðÝñïòÙ åáæÛïòæ åáØñÝè" éðÝï çòæ òðÚéæÙ ßòìòÜ éðÝïÜ
 ÙáÙØ2015-2016  ÙáÙØ ðàéæéÙÝ2016-2017. 

;åÛï òÝêÝîïæ 

046733- ÜáîæðÝìèáØÜ òðÝò 

;éÝÙäáé 
 çÝÝÚæÙ çÜáñÝæáñ òæÚÛÜ ,åáääãÝæ ÜáîæðÝìèáØ òÝÛáæÙ ÜïæêÜÙ ïéÝêÜ éðÝï ÝèáÜ êîÝæÜ éðÝïÜ

 .òáàéáààéÜ ÜïéÜÜÝ ,ÜáîæðÝìèáØÜ òðÝòÙ òÝáêÙ 

ÛÝæáäÜ áØñÝè  ;:åÜ éðÝïÙ ÝéÝãáñ åáØñÝèÜ 

1- áØÝ òÝáèÝáîæðÝìèáØ òÝÛáæ-áØÝ ÜáîæðÝìèáØ òÝÛáæ äê ÜðÞß :ÜáîæðÝìèáØÜ òðÝòÙ åáèÝáÝÝáñ-
 òðãÜ ,òÝñÛß ÜßãÝÜ òÝïáèãàÝ òÝääãÝæ òÝáèÝáîæðÝìèáØ òÝÛáæ òðãÜ ,åááéáéÙ åáèÝáÝÝáñ

  .òðÝñïòÜÝ ÜáîæðÝìèáØÜ òðÝò åÝßòÙ òÝáêÙ çÝÝÚæÙ ÝäØ ÜáîæðÝìèáØ òÝÛáæ áñÝæáñ 

2- áØ-ð äñ åáèÝáÝÝáñ òÝÛáæ ÞÝãá(concentration of measure inequalities)  -  ,ÜáìÝðàèØÜ òàáñ
áØ- ÚÝéæ åáèÝáÝÝáñlog-Sobolev Ý  transportation-cost  ,åááèÝáîæðÝìèáØ åáäã åê åáßãÝæÜ

.ÜáîæðÝìèáØÜ òðÝòÙ åáñÝæáñÝ 
 

 ;ÜÛáæä òÝØîÝò òðÝòÙ åáèÝÝÚæÜ çÜáñÝæáñÝ ,ÜáîæðÝìèáØ òÝÛáæ äñ ÛÝæáä òïæêÜ ÜáîæðÝìèáØÜ

áØ ÛÝæáä .òáàéáààéÜ ÜïéÜÜ òðÝòÙÝ- åáèÝáÝÝáñ   äê òÝééÝÙæñ ÜßãÝÜ òÝñáÚ ,òÝÛáæ ÞÝãáð äñ

.ÜáîæðÝìèáØÜ òðÝòÙ çÜáñÝæáñ òðãÜÝ  ,ÜáîæðÝìèáØ òÝÛáæ äñ çÜáòÝèÝãò 

;òÝðÝïæ 

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

second edition, 2006.  

2) I. Csiszar and P. C. Shields, Information Theory and Statistics, Foundations and 

Trends in Communications and Information Theory, vol. 1, no. 4, 2004. 

3) S. Boucheron, G. Lugosi, and P. Massart, Concentration Inequalities ï A 

Nonasymptotic Theory of Independence, Oxford University Press, 2013 

4) M. Raginsky and I. Sason, Concentration of Measure Inequalities in Information 

Theory, Communications and Coding, Foundations and Trends in Communications 

and Information Theory, vol. 10, no. 1-2, pp. 1-249, second edition, October 2014.  

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

 

 
 

 
 

159:44  òðÝñïòÙ ÜÛÙêæ 
 

)íáñ*áØæñ /ñ  4  'æ 
)2 (òÝÛÝïè 

 
;ÜðêÜ ÜæñðÜÜ ÜÛÙêæä òñðÝÛ ðÝñáØ åÛïÝæ äñ áØðßØÜ äê ÜÛÙêæÜ. 
 

 ;åÛï òÝêÝîïæòÝßìä ÜñÝäñ òÝêÝîïæ òÝðñðñæ òðÝñïòÜ áÛÝæáäÙ òÝñáðÛ .ÜãæéÜ òÝàðÝìæ 

åÛï òÝêÝîïæä ÝØ òÝêÝîïæä åáäáÙïæ ÝêÙïá ðÝÙê äã àïááÝðì ÛðìèÙ. 
 

ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáèááèêòæÜ ÛÝæáäÙ ßàñ òðÝñïòÜ áÛÝæáäÙ 
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åáãæéÝæÜ åáñïÙæÝ êîÙä åáàïááÝðì åÝßòÙ òðÝñïòÜ òáÚÝäèØÜ ÝØ åáàïááÝðìÜ .òáòðìéÜ 

åáèÝñØðÜ ÝáÜá åÝßòÙ ñÝæáæ áæòáðÝÚäØ Üèáìî åáæÛïòæ åáîÝðêÙ åÙÝäáñÝ åááòðìáé ÝØ ,åáèÝñ 

åÝßòÙ äñ òãðêÜ åáêÝîáÙÜ äñ åáæòáðÝÚäØÜ èÜ"åÝßòÙ ÝØ ,ä äñ ñÝìáß åáèìî åááäæáàìÝØ. 

åáàïááÝðì åáØñÝèÙ åáìéÝè ÝðÛÚÝá êÝîáÙ .âñæÜÙ àïááÝðì ÜÛÙêæÙ áÝñê àèÛÝàéä ðÝÞêä ñÝÙáÚÙ ØñÝè 

ðïßæä åÝßòÙ òðÝñïòÜ. 
 

 
159:45  òÛÛÝïæ òðÝñïò 

 
Ùßðæ /è 2'Ü 

)2 (òÝÛÝïè 
 

;åÛï êÝîïæ 
046206 -  òðÝñïò òáòðìé. 

 
 ,ïÝäÙ áèìÝî  .åáîÝðê äñ åáÙÝñß åáäÛÝæ  .òÝáòðìé òðÝñïò òÝãðêæ äñ åáðàæðìÝ åááéáéÙ åáÚñÝæ

 .äÙæéèØ òäßÝò çÙÝæÙ åÜáêÝîáÙä åáÛÛæÝ ÜáîÝäÝÝèÝï áèìÝî.éáäðà áèìÝî 
 

;òÝðÝïæ 

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

McGraw-Hill, 1979, 1985. rec. 2014844. 

2. Wozencraft, J.M. and Jacobs, I.M., "Principles of Communication Engineeringò. Wiley, 

1965. .rec. 215864. 
 
 
 
 

159:48 áØ áØèòÙ òÝãðêæ äñ ÜðïÙ. òÝØÛÝ 
 

 2'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä/ 
 

;åÛï êÝîïæ 
044130 -  òÝòÝØ òÝãðêæÝ. 

 
åáèÝáðàáðï òÝÙáîáä òÝÙáîá"Ý äñ "òáéßá òÝãðêæ òÝáðØèáä òÝìáîð òÝäêÙ ,òÝáàðïéáÛÝ åáðàæðì åê 

áØ-àìñæ .òÝØÛÝ àìñæ .ÙÝèÝàáðß àìñæ .òÝêäîÜ òîÝÙï .éìØÜ 
çãò äñ òÝãðêæ òÝáðØèáä òÝáàéÝÙÝð éßáÙ áØä-òÝØÛÝ äñ òðÞêÙ ,äÛÝæÜ ÙÝñæ Ùîæ ÙÝñæ ÝØ ÜØáîá. 

ÜÞáäèØ äñ òÝãðêæ òÝìáîð òÝáàðïéáÛÝ Øä-òÝáðØèáä éÝìàæ åê ,ØáðÝä áØ-åáðæàðìÙ òÝØÛÝ. 
 
 

;òÝðÝïæ 
1. Bhattacharyya, S.P., Chapellat, H. and Keel, L.H.,: ñRobust Control The 

           Parametric Approachò. Prentice-Hall, 1995. S.N. 2176630. 

2. Kogan, J.,: ñRobust Stability and Convexity: An Introductionò. Springer 1995.   

           s.n.. 2158950. 

3. Barmish B.R.,: ñNew Tools for Robustness of Linear Systemsò. Macmillan, 1994.  

           s.n.. 2142048. 

4. Mansour, M., Balemi, S. and Truol, W., Editors, Robustness of Dynamic Systems  

           with Parameter Uncertaintiesò. Birkhauser, Basel, 1992. 

5. åáðæØæ çæ òÝðìéÜ òìàÝñÜ 

 
 

159:49 áäáåááðàæÝèè æ#äæ áðÞ  
 

 2'Ü 
)2 (òÝÛÝïè 

 çòèáá Øä/ÜèñÜ 
 

;åÛï êÝîïæ 
048851 -  òÝðÝïæ ðÝØ åáðÞááäÝ äñ åáãáäÝæ Üîßæä. 
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;íäæÝæ åÛï êÝîïæ 

046216 ï .åáäÚÝðïáæ 
 

òÝèÝãò çÝèìØ äñ áðÞááä ÜïðÞÜ åáðÛòÙ åáÜÝÙÚ: 

1. òÝèÝãò çÝèìØ áÚÝäèØ áðÛòÙ äÚÝðÚáæ. 

2. çÝèìØ áäàáÚáÛ åáÙîïÙ äñ Gbits/sec. 

3. çÝèìØ ðÛò. 

4. òêìñÜ çÝèìØ áäàáÚáÛ ðáÜæ äê òÝèÝãò òÝáäðàïìé. 

ðÝîá áïÞÙÜ ðÝØ åáðîï )picosecondòðÞêÙ ( áðÞááä ÜïðÞÜ. 

1. òÝàáñ ðÝîá áïÞÙÜ ðÝØ ) åáðîïpicosecond( gain switching Ýmode-locking-. 

2. çÝáìØ ÜÛáÛæÝ äñ áïÞÙÜ ðÝØ åáðîï. 
 

;òÝðÝïæ 
1. Petermann, K.: "Laser Diode Modulation and Noise". Kluwer Academic Publ., 

          1988. rec. 2057442. 

2. Haus, H.A.: "Waves and Fields in Optoelectronics". Prentice-Hall, 1984.  .rec.  

           52592. 

3. Current Literature. 

 
 
 
 

159:4:  òÝòÝØ ÛÝÙêÙ åáæÛïòæ åáØñÝè4  2 ,'Ü 
)2 (òÝÛÝïè 

 

ÜèñÜ çòèáá Øä 
 

 ÛÝÙáê åÝßòÙ åÛïòæ éðÝï.ÜîðæÜ äñ ÝïÝéáê åÝßòæ ðïßæ áØñÝèÙ ïéÝêÜ òÝòÝØ 
 

159:51  òÝòÝØ ÛÝÙáêÙ åáæÛïòæ åáØñÝè5  
 

 2'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä/ 
 

.ÜîðæÜ äñ ÝïÝéáê åÝßòæ ðïßæ áØñÝèÙ ïéÝêÜ òÝòÝØ ÛÝÙáê åÝßòÙ åÛïòæ éðÝï 
 
 

 

159:53  ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝè4 
 

 2'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä/ 
 

.òðÝñïòÜ òðÝòÙ åáæÛïòæ åáØñÝè 
 

159:55  çÜáñÝæñÝ äïñæ áÝÝñæ òÝÙßð òÝÛÝèò 
 

 3'Ü 
)3 (òÝÛÝïè 

/ÜèñÜ çòèáá Øä 

;åÛï òÝêÝîïæ 
048868 ï  .ÜðïÙÝ òðÝñïòÙ åááØðïØ åáãáäÜò 

;íäæÝæ åÛï êÝîïæ 
108324 ï ÛÝéáäæñß òéÛèÜä òáèðÛÝæÜ ÜÞáäèØÜ òÝ, 

.ÜîðæÜ òæãéÜ ÝØ 
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òðÛÚÜ òÝÛÝèò òÝÙßð áÝÝñæ äïñæ  àìñæ .(å"ñðò) ðæðï ÛæáæÙ ÛßØ ÙÝ n- åðÝìéèðà .åáÛæáæ 

Þä'àìñæ .ðÛè àìñæ .ðÛäáñ ðæðï àìñæ áàïðàéÙØ ñðò .ÙÝèé"ðÝÙê å áãáäÜò ñðò .ÙÝïðæ"ÜæðÙ å  

3. 
 ;åáñÝæáñòÝáêÙ ÜØáîáÜ ÛÝÙáØ .åÝßòæ Üäáêè áÚÝßÙ ÜÙáïê áàìñæ .åáñêÝð Üèáìî. çÝèñ àìñæ 

åáñÝæáñ .çäáæïæ òïáÛÙÙ òÝðêñÜ òáäéðÙáèÝá òðÝòÙÝ ÜáîæðÝìèáØÜ. 
 

;òÝðÝïæ 
1. Varadhan, S.R.S.: "Large Deviations and Applications". SIAM, 1984..rec.  

              228304. 

2. Freidlin, M.I. and Ventzel, A.D.: "Random Perturbations of .Dynamical 

              Systems". Springer, 1984. .rec. 224452. 

3. Deushell, J.D. and Stroock, D.W.: ñLarge Deviation". Academic Press, 1989.  
               rec. 2076798. 

4. Ellis, R.S.: "Entropy, Large Deviations and Statistical Mechanicsò. Springer, 

               1985. rec. 75122. 

5. Donsker, M.D. and Varadhan, S.R.S.: "Asymptotic Evaluation of Certain 
              Markov Expectations for Large Time". parts 1-4, Comm. Pure Appl. Math.,  
               75, 77, 83. 

 
 

2'Ü 
)2 (òÝÛÝïè 

  òáòðìé òðÝñïòÙ åáïðì4 
 
159:5: 

ÜèñÜ çòèáá Øä. 
 

;åÛï òÝêÝîïæ 
048760 - òÝêìÝò ñßð òðÝñïòÙ. 

 
;íäæÝæ êÝîïæ 

048934 -  òðÝñïò òÛÛÝïæ. 
 

áÝäáÚ òÝòÝØ áìÝîð ÜÞØì òðÞêÙ áØäÚ òðÝñïò ,Üäìæ òÝØÙ çèìÝØæ ïìÝÛ )  ÜÛÝàáäìæØPAMíÝðêÙ ( 

áéÝØÚ åê ÜêðìÜ åáæéß ,òáèæáéèáÙ åáêÝîáÙä äñ åòáðÝÚäØ òÝáêÙÙ áÙðàáÝ áÝäÚ òÝòÝØ ,âÝðêñÝ áìÝîð 

ÜÞØì )CPM.( 
 

;òÝðÝïæ 

1. J.H. Roberts,: ñAngle Modulationò. England, Peter Peregrinus, 1977. 

2. A.J. Viterbi and J.K. Omura,: ñPrinciples of Digital Communication and Codingò.  Mc-Graw-

Hill N.Y. 1979. 

3. J.K. Omura,: "Performance Bounds for the Viterbi Algorithms", Int. Conf. on Comm. (ICC) 

1981, pp. 2.2.1-2.2.4. 

4. J.B. Anderson, T. Aulin and C.E. Sundberg, Digital Phase Modulation, 1986. 

5. M. Schasartz, W.R. Bennett and S. Stein,: ñ Communication Systems and Techniquesò. 

McGraw-Hill 1966. 

6. åáðæØæ òÝðìéÜæ ÝñÜòìà 

 
;åÛï êÝîïæ 

046206 -  ØÝÙæ òðÝñïòä òáòðìé. 
 

åÛïÝ çÝèìáØä åáÙäÝñæ åááèÝàÝì åáäÚêæ ßÝòáè- òïáàéáààé .ðÝØ ðÛòÝ ÙÝàáï ,ÜÛÝàáäìæØ ,ÜÞØì áÝäáÚ
 :áàèðÜÝï áàìÝØ áÝäáÚ .òáàìÝØ ÜðÙÚÜÝ áÝäáÚ :òæÛïòæ åáèÝàÝìòÝäÝÙÚ ,òÝèÝðïê-òò ,åáêÝîáÙ- òÝãðêæ

òÙäÝñæ ÜïáèÝàÝì), dsp). ÜðàäÝØ òáèÝàÝì òÝáðÝñáï :åáæÝñáá-ðáñá áÝäáÚÙ ÜðáÜæ\Üñáß .áàèðÜÝï-

òáàèðÜÝï ïÝßðæ: lidar, Üñáß-òÚäÝìæ-äê-Ùáé. 

2'Ü 
)2 (òÝÛÝïè 

áòðîè /æ òÝáèÝàÝì ÜñáßÝ òðÝñïò 159:62 
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ÜÛáæä òÝØîÝò; 

:êÛá àèÛÝàéÜ éðÝïÜ åÝáéÙ 
1ïÜ áàìÝØÜ áÝäáÚÜ çÝðïê äñ ÙßðÜ ÛêèæÜ òØ âáðêÜä . òÝáðÝñáïæ äßÜ åáèÝÝÚæ åáæÝñááÙ áàèðÜÝ

ðÝÛÜ äñ òáèÝàÝì-ÜñáßÙ ÜäãÝ ØÙÜ-äê çÜ ,ïÝßðæ-áñìß ÙßðæÙ çÜÝ ÙáéÙ òÝàñìòÜ áãÝÝò áÙÚ 
2áÝäáÚ òÝãðêæÙ ÜèÙÜ ñÝãðä .- òÛßÝØæ òðÚéæÙ òáàìÝØ ÜñáßäÝ òáàìÝØ òðÝñïòä áàèðÜÝïÝ ðáñá

 ,ñêðÝ òÝØ äñ áàæáòæ ßÝòáè ,òáäïáéáì ÜïáàìÝØ òÙäñæÜ çÝÚã)ÜñáÛß òáàìÝØ ÜéÛèÜ äñ òÝèÝðïê
.(òÙäÝñæ çÝïáäáé òïáèÝàÝìÙ ñÝæáñ 

3Ùáîïò äñ ÜïáÛÙÝ çãò ,ÜÛáÛæ ,ßÝòáè òÝäÝãá .-ÝðàïäØÜ ÝïÜ- òÝèêè ðñØ òÝãðêæ çÝÝÚæ ðÝÙê áàìÝØ
òäò ÜáØðÝ áàìÝØ å"ãæ òÝãðêæ ,åáèÝòè òðÙêÜä òÝáàìÝØ òÝãðêæ :òÝèÝðïê åòÝØä- òÝãðêæÝ òáÛæáæ

òÝáÚÝäÝðàæ Ùáé áÙÚ äê-.áàìÝØ 

 
;òÝðÝïæ 

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

                   Plenum, 1988. s.n. 2055788. 

2. Okoshi, T., Kikuchi, K. Coherent Optical Fiber Communications. KTK    

             Scientific, 1988. s.n. 2061877. 

3. åáðæØæ òÝðìéÜæ òáêÝîïæÜ òìàÝñÜ. 

 
Course name: Phtonic Communication and sensing 

English syllabus: Photonic integrated circuits for modulation, pre-detection of light phase, 

amplitude, polarization, frequency.  

Advanced photon statistics: photodetection, optical amplification.  

Coherent Optical Detection: Principles, performance limits, sub-systems (integrated photonics, DSP).  

Applications: Ultra-high-speed photonic interconnects with direct/coherent detection.  

Coherent remote sensing: LIDAR, Distributed-Fiber-Sensing 

 

Learning outcomes:   Photonic Communication and Sensing  

¶ Appreciate the wide applicability of the coherent detection paradigm in use cases ranging 

from next-gen data interconnects to remote optical sensing over both fiber-optics and free-

space optical propagation media.  

¶ Comprehend direct-detection/coherent photonic communication and sensing systems under 

a unified framework, combining physical optics, mathematical signal and noise analysis, 

and modern optical engineering principles  

(such as the use of silicon integrated photonics). 

¶ Ability to analyze, design, measure, validate the opto-electronic link budget of optical 

systems subject to common principles: data transmission systems, LIDAR and 3D vision 

systems, fiber optic metrology systems. 

 

 

 

 

159:65  ÜèÝæò ÛÝÙêÙ òÝáàéáààé òÝàáñ 
 

áäØãáæ/ò 2  'Ü 

)2 (òÝÛÝïè 
 

 
;åÛï òÝñáðÛ  

046200 ú òÝèÝæò ßÝòáèÝ ÛÝÙáê 
046202 ú åááØðïØ òÝòÝØ 

 
éÝÙäáé 
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 ðÝïéá éðÝïÜ .ÜèÝæò ÛÝÙáêÙ òÝáêÙ çÝðòìä òÝáèãÛê òÝáàéáààé òÝñáÚ çÝÝÚæ òðãÜ ØáÜ éðÝïÜ òðàæ
 òÝèÝæò äñ òÝáàéáààé òÝèÝãò .òÝáðàæðì Øä Ûæáæ òÛðÝÜ òÝàáñ .áðàæðì Øä âÝðêñä ØÝÙæ

 òðéÜä åáæÝñáá .åááØðïØ ÙÝïðæ òÝÛñ .òÝèÝæò ÚÝîááä åááðàæðì ØäÝ åááðàæðì åáäÛÝæ .òÝáêÙà
ð .ÜæäîæÜ äñ ñÝàñàÜ çáêðÚ âÝðêñ ,ÜáîÝäÝÞð òäÛÚÜ ,ñÝàñà òðéÜ ,ñê 
 

 ;òÝðÝïæ 
.òìàÝñÜ òÝðìéÜæ åáðæØæ 

 
 ;ÜÛáæä òÝØîÝò 

 éðÝïÜ òØ Ýæáäñá ðñØ åáàèÛÝàé ,àðìÙ .ÜèÝæò ÛÝÙáêÙ çñÝæáñÝ òÝáéáéÙ òÝáàéáààé òÝàáñ òðãÜ
 ÛÝÙáê òÝáêÙ çÝÝÚæä åááàéáààé åáäÛÝæ åáØòÜä ÝäãÝá ÜßäîÜÙ âÝðêñ áæòáðÝÚäØ ñææä çãÝ òÝØ

.òÝáêÙ çòÝØ çÝðòìä 
 

çÝáîÜ ÙãðÜ; 

100% áìÝé àïáÝðì 

 
 Course name: Statistical methods in image processing 

 
English syllabus: 

The goal of this class is to expose the students to a variety of statistical methods for solving 

image processing problems. The course will cover an introduction to nonparametric 

estimation. Nonparametric dimensionality reduction methods. Statistical properties of 

natural images. Parametric and nonparametric models for images. Markov random fields. 

Applications to denoising, deblurring, super-resolution, blur-kernel estimation. 
 
 

Learning Outcomes: 

Gaining familiarity with basic statistical methods and their use in image processing. In particular, 
students that will have completed the course successfully will be able to fit the statistical models 
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 

 

 
 
 

2'Ü 
)2 (òÝÛÝïè 

  òÝèÝæòÝ ðÝÙáÛ òÝòÝØ äñ áòðìé ÛÝÛáï 
 

159:66 

ÜèñÜ çòèá Øä/ 
 
 ;åÛï êÝîïæ 

048745 - ÛÝÙáê áòðìé äñ òÝòÝØ. 
 

;åáîäæÝæ åÛï òÝêÝîïæ 

048733 ï  ÜáîæðÝìèáØÜ òðÝò 
046201 ï åááØðïØ òÝòÝØ ÛÝÙáêä ØÝÙæ 

 ÛÝÛáï ,åáäæáàìÝØ åáðÞááàèÝÝï çãòÝ òáðäïé ÜáîÞáàèÝÝï :òÝèÝæòÝ ðÝÙáÛ òÝòÝØ äñ "äÚ òðÝî" ÛÝÛáï 

PCM ) òáÙáàìÛØ ÜáîÞáàèÝÝïAPCMáÙáàïáÛðì ÛÝÛáï ,åáðÛèìæÝï ,( 

 )ADPCM ,DPCM) òáðÝàïÝ ÜáîÞáàèÝÝï ;(VQ) åáÛðìè ðÛò áéìÙ  ÛÝÛáï ; ÜáìÝðàèØ ÛÝÛáï ;(SBC ;(
 ;áäÛáæðáì ÛÝÛáï) ÜðæòÜ ÛÝÛáïTC åáðÝÛÝïÝÝ ,áðØèáä áÝÞáß :ðÝÙáÛ ÛÝÛáïä ÜÞàèáéÝ ÜÞáäèØ òÝãðêæ ;(

)LPC) òáðØñ áÛÛÝïæ ,(VSELP ,CELP ,MPE-LPC) ÙðÝêæ ðÝðáê áÛÛÝïæ ,(MELP ï MBE.( 
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;òÝðÝïæ 
1. Gesho, A., Gray, R.M.: ñVector Quantization and Signal Compressionò, Kluwer  

        Academic Publishers, 1992.  rec. 2115830.  

2. Jayant, N.S. and Noll, P.: ñ Digital Cofing Waveformsò, Prentice-Hall, 1984.  Rec. 
       227765.  

3. Deller, J.R.Jr., Proakis, J.G., Hansen, J.H.L.: ñDiscrete-Time Processing of Speech  

        Signalsò. Macmillan, 1993. Rec. 2134179.  

4. Jain, A.K.: Fundamentals of Digital Image Processingò. Prentice-Hall,  1989. rec. 
       2065704. 

5. Vetterli, M., Kovacevic, J.: ñWavelet and Subband Codingò.  Prentice-Hall, 1995. 

        Rec. 2159292. 

 
2'Ü 
)2 (òÝÛÝïè 

 åáòæî åê Üîßæä åáãáäÝæ áèïòÜ. åáÙðÝêæ            
 

159:69 

/ÜèñÜ çòèáá Øä 
 

;åÛï êÝîïæ 
044127 - áèïòÜ åáãáäÝæ Üîßæä. 

;åáîäæÝæ òÝêÝîïæ 
046224 - Üïáéáì äñ åáãáäÝæ Üîßæä" ÝØ "048957 òÝêìÝò" òÝáàèÝÝï åáãáäÝæÙ Üîßæä" 

 
åáòæî åááèÚÝæÝÜ ØäÝ-òæðÚØáÛ .åááèÚÝæÝÜ åáéì äñ åáòæî åáãáäÝæÙ òÝìáîð áØ ,Üîßæä åáéìÜ 

òÝèÝãò .êÚæÙ ÜäÙÝò äñ åáòæî p-n åááèÚÝæÝÜ  åáòæîÝn-n  Øä áæÝéßæ  .åááèÚÝæÝÜ àïìØ ,áïàÝñ 

åáêÚæ ,ÜðÜèæ äÝÙï .åááæÜÝØ òÛáÛæÝ òæÝîÜ äáìÝðìÜ  òðÞêÙ CVåáðÝàéáÞèðà . åáèÙæÙ Øä 

 .åááèÚÝæÝÜ,HEMT ,MESFET  åáèïòÜÝ äñ òÝðÝÙ .åááàèÝÝï 
 

;òÝðÝïæ 
1. Semiconductors and Semimetals.  Ed. by R.K. Willardson and A.C. Beer. Vol. 24. - 

      Applications of Multiquantum Wells, Selective Doping, and Superlattices. Ed. by R. 
      Dingle,1987. rec. 2041912. 

2. M. Shur: "Ga As Devices & Circuits". Plenum Press, 1987. 
 

2'Ü 
)2 (òÝÛÝïè 

  òÝáÙîê òÝòñðÙ åáæÛïòæ åáØñÝè 
 

159:6: 

/ÜèñÜ çòèáá Øä 

.ÜîðæÜ äñ ÝïÝéáê åÝßòæ ðïßæ áØñÝèÙ ïéÝêÜ òÝáÙîê òÝòñð åÝßòÙ åÛïòæ éðÝï 

 

 
159:72  ÙÝñßæÙ åáæÛïòæ åáØñÝè1  çááàñðÙäáÞ/æ 

 

2  'Ü 

)2 (òÝÛÝïè 
 

éðÝïÜ ØñÝè ñòÙØ#ì :áèðÛÝæ ÙÝñßæ äñ ÜáØðÙ ÜäêìÜ òÝãðêæ 

 ;åÛï òÝêÝîïæ 

046209 -  åÚÝ ÜäêìÜ òÝãðêæ ÜèÙæ046210 -  ÝØ ÜäêìÜ òÝãðêæÙ ÜÛÙêæ 
234123 - ÜäêìÜ òÝãðêæ 
046267 ú ÝØ  åáÙñßæ ÜèÙæ 236267 - åááòðìé åáÙñßæ ÜèÙæ  

 

òáðÙêÙ éÝÙäáé; 
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Ù éðÝïÛïæòè áØñÝèÙ å.ÜðÝïò òÝãÝæè ÜäêìÜ òÝãðêæ òááèÙ äñ åááÝÝñãê  åáðæØæÜ äê ééÙòá éðÝïÜ
 òÝÙáä áÙÝðæ åáÛÙêæ ðÝÙê òÝãðêæ äê ÛßÝáæ ñÚÛ åê òÝáÝñãê òÝÛÝÙê çãÝ ,åÝßòÙ ðòÝáÙ åáÙÝñßÜ

 .åáîáØæÝ 

òÝðÝïæ : 

.òÝðìéÜæ åáðæØæ 

;ÜÛáæä òÝØîÝò 

àèÛÝàéÜ: 

1. ßááëñ åáÙñßæ òÝãðêæÙ ðïßæ òÝàáñÝ åáØñÝèä 

2. .ÜðÝïò òÝãÝæè òÝãðêæ òááèÙ äñ òÝèÝðïêä ëñßáá 

 
 
 
 
 

òáäÚèØÙ éðÝïÜ åñ: overhead Operating Systems-Low 

English Syllabus: 

The course surveys main research topics in the design and implementation of low-overhead 

operating systems. It covers both classic papers and recent developments, with a special 

emphasis 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 of low-overhead Operating Systems design and 

implementation 

 

 
 

159:73   åáÙñßæ çáÙ òðÝñïò òÝòñðÙ åáØñÝè5   2  'Ü 
)2 (òÝÛÝïè 

/ÜèñÜ çòèáá Øä 
 

 éáéÙã åÚ ñæñá éðÝïÜ  .åáÙñßæ çáÙ òðÝñïò áØñÝèÙ åáìàÝñ ðïßæ áØñÝè ÝèÝÛáá ÝÙ åÛïòæ éðÝï

 .ðÝàïÝÛ ÝØ ðàéáÚæ òÛÝÙê êîÙä åáèáèÝêæÜ åáæäòñæä 
 
 

2  'Ü 
)2 (òÝÛÝïè 

  åÝðàïìé òÝéðÝì òðÝñïò òÝãðêæ 
 
159:74 

ÜèñÜ çòèáá Øä/  
 

 ;åÛï êÝîïæ 

046206 -  ØÝÙæ òðÝñïòä ,òáòðìé 

048733 - òðÝò ÜáîæðÝìèáØÜ ÝØ 048934 - òðÝñïò òÛÛÝïæ ,ÝØ 

048948 - áèìÝî ÜáîÝäÝÝèÝï éáäðàÝ ÝØ  048949 - åáïðì òðÝñïòÙ  òáòðìé3 . 
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éðÝïÜ ïÝéêá òÝÛÝéáÙ çÝÝÚæÙÝ åáàÙáÜ äñ òÝãðêæ òðÝñïò òÝéðÝì åÝðàïìé ðñØã ñÚÛ åñÝá äê 

åòÝèáéß áèìÙ òÝêðìÜ åáÚÝéæ áïðì .åáèÝñ éðÝïÜ åááðïáêÜ ÜðáïéÝ ØÝÙæ :åèáÜ òáðÝàéáÜ äñ 

òÝãðêæ òðÝñïò òÝéðÝì åáÚñÝæ ,åÝðàïìé åááéáéÙ áäÛÝæÝ ßÝòáè  ,òãðêæ òÝèáéß åáêÝîáÙÝ äñ 

òÝãðêæ òÝÛÛÝïæ ØäÝ òÝÛÛÝïæ ÚÝéæ òñáðì áÚÝäáÛ Üðáñá åÝðàïìé áÚÝäáÛ ,ðÛò çæÞ òÝãðêæÝ 

òÝàáñ ,òÝÙðÝêæ áÝäáÚ òÝáàèðÜÝï  ,òÝáàèðÜÝï ØäÝÜàäßÜ Üñï ÜãðÝ àäïæÝ áéßá òêìñÜ ,ëé òÝãáêÛ 

íÝðê äê òÝèáéß áêÝîáÙÝ òãðêæÜ ØÝÙæ ,òãðêæÜ ßÝòáèÝ áéáéÙ äñ òÝãðêæ òÝÙÝðæ ØÝÙæ ,åáñæòñæ 

áääÝßæä òÝðÛé ÝÛØéì òÝáØðïØ òðÛé) Üéáðì ÝØ (ÚÝäáÛ òÝÛÝéáÝ çÝãèáé òÝãðêæ   .(áäèÝáîìÝØ) ÜÙáïêÝ 
;òÝðÝïæ 

1. Simon, M.K.: et al. "Spread Spectrum Communicationsò. Vol. 3, Computer 

        Science, Press, 1985.  rec. 55470. 

2  'Ü 
)2 (òÝÛÝïè 

  159:75                   çÜáæÝñááÝ òÝÙäÝñæ òÝÚîÜ2 
 
                 

ÜèñÜ çòèáá Øä 
 

;åÛï òÝñáðÛ 
044198 -  ØÝÙæ ÛÝÙáêä áòðìáé äñ òÝòÝØ. 

 
òÞáäèØ ÜááðÝì - ÜðÞß åáÙßðæ .òÝÙßðÜÝ òÝòÝØ .åááðØèáä Øä òÝãðêæÝ åááðèÝáîààé çèáØñ òÝêÝÙï 

ÚÝÝáé .çæÞ òÝàáñ çæÞ-òðæòÜ .ðÛò ÜááðÝì òðîï ) çæÞSTFTÜìáîð ( ëÝîáð .ÜÛáÛÙÝ ðÝñáæÜ ðÛò- .çæÞ
òðæòÜ Wavelets òðæòÜ .ÜæðÚÝäïéÜ .Üìáîð  Wavelets ÜÛáÛÙ  òðÝòÝ ) òÝðÚéæÜframe theory .(
 òÝðÚéæ Wavelets òÝðÚéæÝ  éáéÙ  .ðÝÙØÚHaaráéáéÙ . Wavelets  åááäæðÝèÝòðÝØ  Ý- Multiresolution .

òÝáàéáðàïðï òÝáîïèÝì  òÝáäæðÝèÝòðÝØ çèáØñSpline-WaveletsòÝáðäÝÚð . äñ  áéáéÙ Wavelets 

 .åááäæðÝèÝòðÝØ 

Waveletsáèèéæ , Subband  äñ åòáðÝÚäØÜÝMallatáéáéÙ . Wavelets áäêÙ åááäæðÝèÝòðÝØ åÝßò Üãáæò 

Üáðàæáé .áìÝé äñ Wavelets áäêÙ åÝßò Üãáæò áÙ åáéáéÙ .áìÝé-åááäèÝÚÝòðÝØ áäÝïáñÝ  .Üáðàæáé
òÝÚîÜ òÝáðìé :òÝáÙáàìÛØ òðáßÙ ,åáéáéÙ áäæáàìÝØ éáéÙ áãáäÜòÝ .ñÝìáßÜ 

òÝÚîÜ òÝáÙáàìÛØ òÝáàèØáðÝÝèáØ  òÝÚîÜ .ÜÞÞÜä Wavelets òÝÚîÜÝ òÝáÙáàìÛØ ÝÛ-òÝáÛæáæ. 
 

;òÝðÝïæ 
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. Prentice-Hall PTR, 1995. 

      s.n. 2159292. 

3.   Wickerhauser, M.V. Adapted Wavelet Analysis from Theory to Software.   
      s.n.2154268. 
 
 
 
 
 
 
 
 

4 ,'æ 
)2 (òÝÛÝïè 

ßàñÜ áðÝæ   ÜïáèÝðàïäØÝðïáæÙ ÜÛÙêæ 
 
159:77 

 
;åÛï òÝêÝîïæ 

òÝßìä ÜñÝäñ òÝêÝîïæ òÝðñðñæ ÜïáèÝðàïäØÝðïáæÜ áÛÝæáäÙ  .ÜãæéÜ 

 

ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáèááèêòæÜ ÛÝæáäÙ ßàñ ÜïáèÝðàïäØÝðïáæÙ åáãæéÝæÜ áÛÝæáäÙ 

åáñïÙæÝ êîÙä åáàïáÝðì áæÝßòÙ  .ÜïáèÝðàïäØÝðïáæÜ 

åáàïááÝðìÜ ÝðßÙá âÝòæ åáæÝßòÜ çÝèãò :åáØÙÜ Ý/ÝØ çÝáìØ äÚêæ åáèïòÜ çÝáìØ ÙäÝñæ åáèÝðàïäØ 

åáãáäÜò ,åááàìÝØÝðàïäØÝ  .ÜïáèÝðàïäØÝðïáæÙ 
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4 'æ 
)2 (òÝÛÝïè 

ßàñÜ áðÝæ åáÙñßæ òÝòñðä ÜÛÙêæ 
 

159:78 

 
;åÛï òÝêÝîïæ 

046335 -  çãò òÝòñð åáÙñßæ 

 
ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáñïÙæÜ êîÙä åáàïáÝðì åÝßòÙ äñ òÝòñð åáÙñßæ êÝîïæ ðßØä 

åÛïÜ òÝêÝîïæÝ åáðßØ  áÛÝæäÙ) ÜãæéÜ/,(åáãæéÝæ ðñØ ÝêÙïá äê áì åáàïáÝðìÜ .ÝêîÝáñ åáØñÝèÜ 

ÝáÜá çÜ åÝßòÙ äñ Üðæß òÛßÝáæ òÝòñðä çÜÝ åáÙñßæ åÝßòÙ äñ ðïß åáæòáðÝÚäØ ÜèãòÝ òðÝñïòä 

åáÙñßæ òÝêîæØÙ ÛÝáîÜ ÜÛÙêæÜ .ÜÛÙêæÙñ ÜäÝãá òÝÝÜä Ùäñ çÝñØð ñÝÙáÚä ØñÝè ðïßæ åÝßòÙ. 
 

048969 òÝáðàæÝØÚ òÝàáñ òðÞêÙ áðØèáä Øä òÝòÝØ ÛÝÙáê  2 ,'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

 òÝêÝîïæåÛï; 
044198 -  áòðìé òÝòÝØ ÛÝÙáêä ØÝÙæ 
044202 -  åááØðïØ òÝòÝØ 

 
;åáîäæÝæ åÛï òÝêÝîïæ  

046201 -åááØðïØ òÝòÝØ ÛÝÙáêä ØÝÙæ 
046745   òÝòÝØ äñ áòðìé ÛÝÙáê 
046195  òÝÛæÝä òÝãðêæ 

 
åááéèáðàèáØ åáäÛÝæ òááèÙä áàæòæ éÝéáÙÝ ÜèÙÜ òÝèïÜä ÜèáÜ éðÝïÜ òðàæ  òÝòÝØ äñ áðØèáä Øä ÛÝÙáêÝ

.òÝáðàæÝØÚ òÝàáñ òðÞêÙ 
  ÜáîÞáðàæðì òÝðñìØæÝ òáéØäïÜ ÜááðÝì òÞáäèØ òØ òÝÙáßðæñ òÝòÝØ ÚÝîááä òÝáèñÛß òÝñáÚ ÝÚîÝá éðÝïÙ

.ÝäØ åááðàæÝØÚ åáäÝïáñ âÝòæ òÝòÝØ äñ òÝáìîò òßèÝæ 
 æÝØÚ ,åáìðÚÜ òðÝò ,òáèÝæðÜ ÜÞáäèØ äñ åáæÝßòæ åáäã ÝÚîÝá éðÝïÙ ,áðØèáä Øä çÝèáé ,òáäØáîèðìáÛ Üáðà

.åááØðïØ ÜáÞÝìáÛ áãáäÜòÝ 
  åáäÛÝæ òááèÙÝ ,ðÝÙáÛÝ êæñ òÝòÝØ ÛÝÙáê ,åááØÝìð ÝáÙ òÝòÝØ äñ ÜÞáäèØä òÝáîïáäìØ ÝÚîÝá éðÝïÜ âäÜæÙ

.åáÛææ òÝÙð òÝáæèáÛ òÝãðêæä 
 

;ÛÝæáäÜ áØñÝè 
1. ëðÚÝ ,òÝêáðá ÛÝæáä ,åáÛæáæ òÛðÝÜ-åáèØáéäìä 
2. ÜáÞÝìáÛ áÝìáæ 
3.  áàéãÝàé çÝÙñß ,ïèäì ðïÝì ðÝàðìÝØ ,çáÙöÚèä òØÝÝñæ :òÝáàéãÝàé òÝáäØáîèðìáÛ òÝØÝÝñæ

(ÝàáØ) 
4. åááæîê åáðÝàïÝ òÝêîæØÙ åáØðïØ åáãáäÜòä åáäÛÝæ òááèÙ 
5. òÝáèØæáð òÝïáðàæÝ òÝáìîò òééÝÙæ òáéèáðàèáØ ÜáðàæÝØÚ 
6. òáðØèáä ØäÝ òáðØèáä òÝðÝïæ òÛðìÜä òÝáäðàïìé òÝàáñ 
7.  ,éÝßáá áìðÚòáòÝðÙòéÜ òÝèñðìÝ ,åáäÛÝæ òÙßðÜ 
8. áäðàïìé ÚÝÝáéÝ áæÝïæ Øä çÝèáé 
9. ÜáðàæÝØÚ ÜßèÝæ áèØáéááÙ çÝèáéÝ áðØèä Øä çÝèáé 

10. òáäØÝÛ ÜáðàæÝØÚ òááèÙ  
 

òÝðÝïæ 
åáðßÙè åáðæØæ (òáäÚèØÙ ðÝØáòÙ àÝðáì) òìàÝñÜ òÝðìéÜæ 

;ÜÛáæäÜ òÝØîÝò 
:äÚÝéæ ÜáÜá àèÛÝàéÜ éðÝïÜ åÝáéÙ 

 1 "áéèáðàèáØ ÚÝîáá" åääãÙÝ ÛÝéá áÚñÝæ ðáÛÚÜä .2 ,áàáäèØ çìÝØÙ åááàðì åáðïæã òÝãðêæÝ òÝòÝØ ßòèä .
áðàèáØ Üïáðàæ åðÝÙê òÝèÙäÝè.òÝáðïáêÜ ÜáòÝèÝãò òßãÝÜ ääÝã ,òáé 

 3 Ù ñææäÝ åñááä .MATLAB ðàèáØ äÛÝæ òááèÙä åòáðÝÚäØèá.òæØ òÝÛáÛæÝ åáæÝÛæ òÝòÝØ ðÝÙê áé 

 

 éðÝïÜ ØñÝè;òáäÚèØÙ Nonlinear Signal Processing Using Geometric Methods 
 



 74 

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 DATA-DRIVEN GEOMETRIC MODELS WILL 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 DIMENSIONAL 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 graph-Laplacians 

12. Diffusion maps 

13. Stochastic differential equations: Langevin equation, Fokker-Planck 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 component analysis 

17. Reference graphs, model extensions, and probabilistic interpretations 

18. Nonlocal means and spectral clustering 

19. Nonlinear filtering and geometry-assisted Bayesian filtering 

20. Dual geometry 

 

 

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. 
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 òÙñßÝææ ÜááØðÝ3  

159:83 

ÜèñÜ çòèáá Øä 
 

 äñ ÝïÝéáê åÝßòæ ðïßæ áØñÝèÙ ïéÝêÜ ÜááØðÜÝ ÜèÝæòÜ áêÛæ åÝßòÙ åÛïòæ éðÝï.ÜîðæÜ 
 
 

;åÛï òÝêÝîïæ 
046267 -  ÜèÙæ åáÙñßæ 

046209 - òÝãðêæ ÜäêìÜ 
 

ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáñïÙæÜ êîÙä åáàïáÝðì åÝßòÙ òÝãðêæ òòÝ-òÝãðêæ åáÙñßæ äñ 

òÝãðêæÝ ,ääãÙ òÝáäáÙïæ åÛï òÝêÝîïæ .àðìÙ åáìéÝè òÝêÝîïæÝ åáÛÝæî áÛÝæáäÙ) ÜãæéÜ/(åáãæéÝæ 

ÝêÙïáá äê áì åáàïááÝðìÜ  .ØñÝèÜ ÝáÜá åáæÝßòÙ äñ òÝãðêæ çãò òðáîá ,åáÙñßæ áäã ßÝòáì òÝãðêæä 

çãÝ ,òÝæÛïòæ ðïß áêÝîáÙ òÝãðêæ ê"òÝÛáÛæ á åáàïááÝðìÜ  .ÜáîäÝæáéÝ Ýääãá ßÝòáì ÜðæÝß Ý/ÝØ 

ÜèãÝò äê áì òæáñ âÝò ,âðÝîÜ ñÚÛ ÛßÝáæ äê åáêÝîáÙ åáæðÝÚÜÝ .åÜä  ÜÛÙêæÜ ÜäÝãá òÝÝÜä Ùäñ  çÝñØð
ñÝÙáÚÙ ØñÝè ðïßæä åÝßòÙ. 
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ðàãñ/ä  åááèÝðàïäØ òÝæÝäØ äê åáééÝÙæ Üèáðï òÝðÝïæ 
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;åÛï êÝîïæ 

 
044148 - åáäÚ òÝãðêæÝ òÝÚäÝìæ 

 

ÜïáæèáÛ äñ åòðáîá) åáèÝðàïäØ ÜáîïØðàèáØ (åòäÙÝÜÝ äñ åáèÝðàïäØ åê ðàñæÙ åáäÚ çÝàìæÝï 

ïìéÜÙ ÜáîïØðàèáØ ;âÝæè åê åáäÚ åáðáÜæ áäÚ .åááàáØÝ ðàñæ  .áÙßðæ çêàæ çÝàìæÝï ïìéÜÙ  .ÜÝÙÚ
çÝèìØ ÜæÝäØ äê áÛá áèÙæ .çÝðàéááäïÜ :åáÛÝÜæ äÚ áðàïäØáÛ :áàáØ  àìñæ  ;áðÝÞßæÝFloquet ðÙÚæ  .
äÚ êè ÛèòæÝ äÚ ðÞááä .ðÞÝß äñ åáèÝðàïäØ ìÝß .çÝïáèÚæ .çÝðàÝðáÚ .åááñ 
 

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

                    Hall, 1988. 

2. Gilmour, A. S., Jr., "Microwave Tubes". Artech House 1986. rec. 2105597. 

3. ñHigh Power Microwave Sources", Ed. By V.L. Granatstein and I. Alexeff, 

                   Artech House 1987.  rec. 2105598. 

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

                    rec. 2159756. 

5. Recent literature. 
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;åÛï òÝñáðÛ åááØðïØ òÝòÝØ 

òÝÛáæî òÝñáðÛ0ëéÝè áÝãáÞ Øää òÝêÝîïæ0ÜÜÞ êÝîïæ0åÛï òÝêÝîïæ  
 

 Ûê* òáðÙêÙ éÝÙäáé61 )ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 
 ÜèÙÜ òÝèïÜä ØáÜ ÜÞ ðèáæé äñ ÜðàæÜ äñ ÜÞáäèØÙ òÝðÞßÝæ òÝáÞÝìáÛ äñ áàæòæÜ åÝßòÜ ÛáïìòÙ ÜÙÝà

] åáðæØæÙ òðØÝòæÜ òÝßòìòÜÜ ÛßÝáæÙ ,åáÚòæ1-3 äñ ÜÞáäèØä ÜäØ åáäãÙ òñæòñæÜ òðßØ ÜñáÚ  .[
] åáÚòæ4] çñ ááÝæÛ åáæÝßòÙ òÝáÞÝìáÛ äñ ØñÝèÙ ÜñÛß òÝßòìòÜ çã ÝæãÝ ,ØáÜ ëØ ÜéÝãò [5.[ 

 
 

 ;òÝðÝïæ 
 

[1] Kang, W. and R. J. Williams. "Diffusion approximation for an input-queued switch 

operating under a maximum weight matching policy." Stochastic Systems 2.2 (2012): 277-

321. 

[2] Kang, W. and R. J. Williams. "An invariance principle for semimartingale reflecting 

Brownian motions in domains with piecewise smooth boundaries." The Annals of Applied 

Probability 17.2 (2007): 741-779. 

[3] Shah, D. and D. Wischik. "Switched networks with maximum weight policies: Fluid 

approximation and multiplicative state space collapse." The Annals of Applied Probability 

22.1 (2012): 70-127. 

[4] Stolyar, A. L. "Maxweight scheduling in a generalized switch: State space collapse and 

workload minimization in heavy traffic." The Annals of Applied Probability 14.1 (2004): 1-

53. 

[5] Costantini, C. and T. G. Kurtz. "Existence and uniqueness of reflecting diffusions in 

cusps." Electronic Journal of Probability 23 (2018). 
 
 

;ÜÛáæä òÝØîÝò .åÝßòÙ ðïßæ êîÙä ÜæáØòæÜ ÜæðÙ òÝáßæÝæ Ýßòìá åáìòòñæÜ 
 

çÝáîÜ ÙãðÜ; ã) ÜÛÝÙêÝ òáèÝáðèáæé ÜØîðÜ- 50% .(Ø÷ã 

 òáäÚèØÙ éðÝïÜ åñ :Reflected diffusions and switches 

 
English syllabus:  

The goal of this seminar is to get a good understanding of the role played by the 

mathematics of reflected diffusions in the analysis of switches, especially in the 

development around papers [1ð3]. Another approach of using related tools for analysis of 

swithes [4] will also be covered, as well as recent mathematical progress is reflecting 

diffusions in cusps [5]. 

 
 

Learning Outcomes: The participants are expected to develop expertise at a level needed to 

do research in the field. 

 

 

2  'Ü 
)2 (òÝÛÝïè 
êÛðÝØ/Ø  òÝáìÝòáñ Øä òðÝñïò òÝòñð äÝÜáèÝ çÝèãáò    

 
159:91 

 
;åÛï òÝêÝîïæ 

046335 -  çãò òÝòñð åáÙñßæ ÝØ ðÝñáØ .ÜîðæÜ 
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ëÝòáñ òÝðßòÝ òÝòñðÙ òÝäÝÛÚ òÝÙßðÝ ÜáîÙáàÝæ  :àðé áÚñÝæ  .òÝØæÚÝÛÝ  ÛÝéáòðÝòÙ  .åáïßñæÜ
áïßñæ òðïÙ áïßñæ ,ÜæáðÞ òÝðßò ,ÙÝòáè äê ÙßÝð àðé. òÝòñð çÝèãò Øä-éïÝÛðìÜ :òÝáìÝòáñ äñ 

çÝèãò  ,éØðÙ áÚÝäÝìÝà òØîïÜÝ  çÝèãò ,åáäÝÙáïgateway äÝÜáè . òÝòñð òðÝñïò Øä- :òÝáìÝòáñ
òÝáÚàðàéØ òááÙÚ ,ÚðÙäïàé  .òÝðÚØ 

 
;òÝðÝïæ 

Myerson, R. B. Game Theory: Analysis of Conflict. Harvard Univ. Press, 1991.s.n. 2151703 
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òÝðáÜæ òÝòñðÙ ÜðáìéÝ áÝäáÚ 
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ÜèñÜ çòèáá Øä. 

òÝñáðÛ  ;åÛï 
044334 ú .åáÙñßæ òÝòñðä ØÝÙæ 

 
 .òáàéáèáæðàÛ ÜñáÚ .òÝØæÚÝÛÝ êïð :òÝðáÜæ òÝòñðÙ ÜðáìéÝ áÝäáÚ äñ ßÝòáèÝ çÝèãò  .òáØðïØ Üðáìé

.ÜðáßÙÜ ßÝã .åáèÝæ òæî .åÝäÙ çèéæ .ÙÝÙáÚ .ÜæáÚÛ .òáòîÝÙï  Üðáìé 

;òÝðÝïæ 

    Varghese, George. Network Algorithmics. Elsevier, 2005. s.n. 2284388. 

 

 
159:94 

 
ÝØÛáÝ òÝèÝæòÙ çãÝò áÝÜáÞÝ ÜÞáäèØ  2  'Ü 

)2 ïèòÝÛÝ( 
á ØäáÜèñÜ çòè 
 

åÛï òÝêÝîïæ; 
046200 - òÝèÝæò ßÝòáèÝ ÛÝÙáê 

;åáÜÞ òÝêÝîïæ 
048921 - ,ÜáØðÙ åáæÛïòæ åáØñÝè òÙñßÝææ ÜáØðÝ òÝèÝæò ÜèÙæ 1 ú .à"éñòÝ ß"éñò òèñÙ 

 
 åáæòáðÝÚäØÜÝ òÝñáÚÜ äñ Üðáïé âðÛ ÝØÛáÝ êÛáæ äñ çãÝò òèÙÜÝ ÜÞáäèØä òÝàáñÙ ïÝéêá éðÝïÜ

.åÝßòÙ åáäáÙÝæÜ 
äìØä åðñïÜÙ ÝèßÙá ÝÛæäáñ òÝàáñÜ åÝãáé ,àÝÙÝð ÝØ Ùãð äñ áàæÝàÝØ àÝÝáè Ýæã òÝáòáæØ òÝáîïá

 Ýæã åáäØÝÞáÝ êÛáæ áðÚØæÙ ñÝìáß ÝØ åáàðéÙ åáäØÝÞáÝ åáàïìØ ,ÝØÛáÝ áèÝàðé äñ áäØÝÞáÝYou 

Tube).( 
  äñ ÜÞòèáé ,ÝØÛáÝ äñ òÝïáØÞÝæ ,ÜêÝèò ÙÝñáß ,ÝØÛáÝÙ åáèáìØæ áÝÜáÞ :åáØñÝèÜ òØ äÝäãá éðÝïÜ

áæîê áÝÜáÞ ,ÝØÛáÝ.åáêîÙæ åÜñ òÝäÝêìÜ áÝÜáÞÝ åáñèØ áÝÜáÞ ,å 
 

;òÝðÝïæ 
1. Forsyth, D.A., Ponce, J. Computer Vision: A Modern Approach. Prentice-Hall, 2003. s.n. 

2245282. 

2. Hartley, R. Zisserman, A. Multiple View Geometry in Computer Vision.  2nd ed. Cambridge 

University Press, 2003. s.n. 2261857. 

3.  

898415 åáÛèòæÙ çÝðãèáéÝ ñêð áàïìØ  
 

2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

ðîÝïæ áðÙê åñ :åáÛèòæÙ çÝðãèáéÝ ñêð áàïìØ 
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;åÛï òÝñáðÛ  
044148 ú òÝÚäÝìæ òÝãðêæÝ åáäÚ 

 Ûê* òáðÙêÙ éÝÙäáé61  ëéÝèÙ ëáéÝÜä çòáè -åáäáæ)ÛÝæáä áØñÝè 
 .åáÛèòæ çáÙ ÛÝæáîÝ òÝáæèáÛ òÝêìÝò ,åáñêð  ßÝòáèä áàæòæ éáéÙÝ ÜèÙÜ ðÝîáä ÜèáÜ éðÝïÜ òðàæ

 äÛÝæ ,åòáÛáÛæä åáãðÛÝ åáÛèòæÙ ñêð áÚÝé :éðÝïÜ áØñÝèLeeson  ñêðÜ åÝðàïìé ÙÝñáßä
 äÛÝæ .ÜäÝÛÚ ÜáÜñÜ áäêÙ åáÛèòæÝVan Der Pol ÜÛÝèò äñ ÜïáæèáÛÜ ßÝòáèä åáäÛÝæ ,  òáæîê

 áèñ äñ çÝðãèéÙ òÝáæèáÛ òÝêìÝòÝ åáäÛÝæ .òÝÙáîá áØ  ,Üäáêè áæÝßò ,áèÝîáß ßÝãä åáÛèòæ çÝðãèáéäÝ
 äÛÝæ .òÝäÝêè òÝãðêæ äñ åáêÝîáÙ ,Üäáêè áæÝßò ,ïÞßÝ ñäß ÛÝæáî ,ðòÝáÝ åáÛèòæKuramoto  ßÝòáèä

ÝàìÝØ Ûèòæ äñ òÝØæÚÝÛ ÝØÙÝá .åáÛæÝîæ åáÛèòæ äñ òÝòñð-áæÜ ,áèÝðàïäØ áäêÙ äÚÝðïáæ òÝòÝØ ðî
.åáðÞááä äñÝ ÛßÝáæÙ âÝæè ÜÞØì ñêð 

 
 ;òÝðÝïæ 

 
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 stability in Oscillators," Cambridge Press (2009). 

3. Selected manuscripts 
 ;ÜÛáæä òÝØîÝò 

 

1. åáÛèòæÙ ñêð äñ ÜèÙÜ 

2. åáÛèòæÙ òÝáæØèáÛ òÝêìÝò ßÝòáèä åáäÛÝæ  äñ ÜèÙÜ 

3. åáÛèòæ áèñ çáÙ ÛÝæáî äñ ÜèÙÜ 

4. .åáÛæÝîæ åáÛèòæ äñ òÝòñðÙ ÛÝæáî òÝêìÝò äñ ÜèÙÜ 
çÝáîÜ ÙãðÜ; 

òáìÝé ÜÛÝÙê äê ééÙòá çÝáîÜ/ 

 

 òáäÚèØÙ éðÝïÜ åñNoise and synchronization effects in oscillators  

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, self-sustained oscillators and synchronization by external force, 

locking range , and stability. Models and dynamic effects in coupling of two and more 

ocsillators, weak and strong coupling regimes, locking range, and performance of the coupled 

oscillators. Kuramoto model for studying large networs of oscillators. Examples on optoelectronic 

oscillators that generate RF signals with ultra-low phase noise will be given. 

 
Learning Outcomes: 

1. Understanding of noise in oscillators 

2. Understanding of models to analyze dynamic effects in oscillators 

3. Understanding of coupling and dynamic effects in oscillators 

4. Understanding of coupling effects and models to analyze large networks of coupled 

oscillators 

159:96  ßÝòáè -òÝòñð -ÜéÛèÜÙ òÝáÚÝäÝìÝà òÝàáñ
 åáèÝòè 

áïéÙÝðÙÝÙ /ê 2 'Ü 
)2 (òÝÛÝïè 

 
 åñðîÝïæ áðÙêåáèÝòè ßÝòáèÝ ,òÝòñð ,ÜéÛèÜÙ òÝáÚÝäÝìÝà òÝàáñ : 

 
;åÛï òÝñáðÛ  
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044202 ú åááØðïØ òÝòÝØ 
 

;åáîäæÝæ åÛï òÝêÝîïæ 
 

046202 ú êÛáæ ßÝòáèÝ ÛÝÙáê 
046195 ú òÝÛæÝä òÝãðêæ 

 
éÝÙäáé òáðÙêÙ  

 
ØÝÙæ ÜáÚÝäÝìÝàä òáðÙÚäØ .åáäã åááÚÝäÝìÝà åááèñÛß ßÝòáèä åáèÝòè÷ ÷åáäÝÛÚ òÝáêÙÝ òÝáéÛèÜ 
òÝèÝñ. åáæÝñáá åááéÛèÜ äñ åáäã åááÚÝäÝìÝà ßÝòáèÙ òÝòñð ,ÛÝÙáê òÝòÝØ ,òÝãðêæ òÝáÚÝäÝáÙ ÛÝêÝ .
ßÝòáè áòÝðÙòéÜ-áàéáààé äñ òÝàáñ òÝáÚÝäÝìÝà. 
 

áØñÝè ÛÝæáäÜ; 
 

1. ØÝÙæ ÜáÚÝäÝìÝàä òáðÙÚäØ :åáéïäìæÝï åááäØáîäìæáé ,ÜáÚÝäÝæÝÜ ,òðÝò éðÝæ ,çááìØ 
ðäáÝØ. 

2. åáäã åááÚÝäÝìÝà :ÜïéÜ òáÚÝäÝìÝà ,ÜáÚÝäÝæÝÜ òáÙïê )persistent ,(çááìØ ðäáÝØ. 

3. åáæÝñáá äñ òÝàáñ òÝáÚÝäÝìÝà åáæÝßòÙ åááéÛèÜ åáèÝñ :ÛÝÙáê òÝòÝØ òÝèÝæòÝ ,ßÝòáè 
òÝêìÝò òÝòñðÙ ,ÜáæÛÜ òáØÝìð ,ÜáÚÝäÝæéÝï ,ÛÝêÝ . 

4. ßÝòáè áòÝðÙòéÜ-áàéáààé äñ òÝàáñ òÝáÚÝäÝìÝà :òÝáÝÚäìòÜ äñ åáèááìØæ åááÚÝäÝìÝà 
êÛáæÙ áØðïØ ,òÝáêÙ òÝèÝñ äñ âÝðêáñ çÝèáéÝ ñêð åáäÛÝæÙ åááÚÝäÝìÝà . 

 
 ;òÝðÝïæ 

 

1 A. Zomorodian ï Topology for Computing 

2 R. Ghrist ï Elementary Applied Topology Ο 

3 A. Zomorodian - Advances in Applied and Computational Topology Ο 

4 G. Carlsson - Topological Pattern Recognition for Point Cloud Data Ο 

5 R. Adler, J. Taylor, and K. Worsley -  Applications of Random Fields and Geometry: 

Foundations and Case Studies Ο 

éðÝïÜ òäáßòÙ ïäÝßò òÙßðÝæ åáðæØæ òæáñð + 
 

 ;ÜÛáæä òÝØîÝò 
 

 éðÝïÜ åÝáéÙ ,çã Ýæã .åÜÙ ñÝæáñÜ áãðÛ òØÝ òáæÝñáá ÜáÚÝäÝìÝàÙ åááéáéÙÜ òÝèÝáêðÜ òØ ðáãá àèÛÝàéÜ
.òÝáéÛèÜ òÝáêÙÙ åáÛæäèÜ åáäãÜ òØ åñááä äÚÝéæ ÜáÜá àèÛÝàéÜ 

 
çÝáîÜ ÙãðÜ; 

 ñáÚÜä ðàéæéÜ ëÝéÙÝ ,åÝßòÙ òáèãÛêÜ òÝðìéÜæ ðæØæ ðÝßÙä ðàéæéÜ âäÜæÙ ÝñðÛá åáàèÛÝàéÜ
ØæÜ çãÝò äñ ðîï åÝãáé.ÝÞ ÜÛÝÙê äê ééÙòá çÝáîÜ .ÜòáãÙ ðæØæÜ òØ ÚáîÜäÝ ,ðæ 

 
 òáäÚèØÙ éðÝïÜ åñ 

Topological methods in engineering, networks and data analysis 
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English syllabus:  ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 61 Ûê 

 

Introduction to algebraic topology. Modern topological tools for ñbig-dataò analysis, and 

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: signal and image 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. Zomorodian ï Topology for Computing 

2. R. Ghrist ï Elementary Applied Topology Ο 

3. A. Zomorodian - Advances in Applied and Computational Topology Ο 

4. G. Carlsson - Topological Pattern Recognition for Point Cloud Data Ο 

5. R. Adler, J. Taylor, and K. Worsley -  Applications of Random Fields and 

Geometry: Foundations and Case Studies Ο 

* 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 student will also be able to implement these topological methods. 

 

 

159:97  òÝàáñÝ åáäÛÝæåááàéãÝàé ððòØ / 
 

2 'Ü 
)2 (òÝÛÝïè 

 
ðîÝïæ áðÙê åñ :åááàéãÝàé åáäÛÝæ 

 
;åÛï òÝñáðÛ åááØðïØ òÝòÝØ 

 
ëéÝè áÝãáÞ Øää òÝêÝîïæ :094334 òáòðìé ÜáîäÝæáé 

 
 Ûê* òáðÙêÙ éÝÙäáé61  -åáäáæ)ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè 

 ßÝòáèä åáäã çãÝ ,áàéãÝàé áìÝØ áäêÙ äæñß òéÛèÜÙ åááÞãðæ åáäÛÝæ ðáãÜä çÜ éðÝïÜ òÝðàæ
 åáðÝòÜ òðÝòÙ åááéáéÙ åáÚñÝæ :åáØñÝèÜ .åááæòáðÝÚäØ åááòÝðÙòéÜ åáäãÝ ,áòÝðÙòéÜ

 ;àðé ÙßÝð äñ áàéáààé äáìÝðì ;åááÙÝïðæÜload balancingì äÝêè ÚÝß , ;çÙä ñêðÙ ÜÞØshot noise .
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çÝðì àìñæ ;òÝáäáÙáéðÙð òÝðñðñ :åááàáäèØ åáäã- ;ÛÝæáîÜ òïáèãà ;òÝéèãòÜ áÙîï ;éÝáèÙÝðì
 åáäã .òÝÙáîá ßÝòáèä ÙÝèÝìØáä öèÝìÙ ñÝæáñ ;äïñæ áÝÝáñæ òÝÙßð òÝÛÝèòä ðæðï àìñæ

:åááæòáðÝÚäØ Markov chain Monte Carlo,òïáÝÛæ ÜáîäÝæáé ,òÙðÝïæ Üáèæ , simulated 
annealing. 

 
 

 ;òÝðÝïæ 
 

[1] Asmussen, S., 2008. Applied probability and queues (Vol. 51). Springer Science & Business Media 

 [2] Häggström, O., 2002. Finite Markov chains and algorithmic applications (Vol. 52). Cambridge 
University Press 

[3] Kelly, F. and Yudovina, E., 2014. Stochastic networks (Vol. 2). Cambridge University Press 

[4] Viterbi, A.J., 2010. Phase-locked loop dynamics in the presence of noise by Fokker-Planck techniques. 
In Foundations of the digital wireless world: Selected works of AJ Viterbi (pp. 13-29)   

 
 

òÝØîÝò ÜÛáæä ; 
 ðáãá àèÛÝàéÜåáäÛÝæ åááàéãÝàé 

Ù àÝäñá àèÛÝàéÜåááæòáðÝÚäØÜÝ åááàáäèØÜ åáäã 
 
ÜçÝáîÜ Ùãð ;71& òáìÝé ÜèáßÙ -51& òáÙ òÝÛÝÙê 

 

 òáäÚèØÙ éðÝïÜ åñStochastic models in communications and networks 

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 bandwidth; load balancing; phase 

locked loop in white noise; shot noise. Analytical tools: reversible chains; Perron-Frobenius 

theorem; rates to ergodicity; the coupling method; Cramerôs theorem on large deviations; Lyapunov 

functions in stability analysis. Algorithmic tools: Markov chain Monte Carlo; approximate 

counting; exact simulation; simulated annealing. 

 
 

Learning Outcomes: 

Familiarity with the models and control over the analytic and algorithmic tools. 
 

159:98  ÜáÚðèØÙ åáæÛïòæ åáØñÝè2  
 

 2 òÝÛÝïè 

 

 çòèáá Øä/ÜèñÜ 
 

 äñ ÝïÝéáê åÝßòæ ðïßæ áØñÝèÙ ïéÝêÜ ,ïìéÜ òÝãðêæÝ ÜáÚðèØ ØñÝèÙ åÛïòæ êÝîïæ ÝèáÜ ÜÞ êÝîïæ
.ÜîðæÜ 

 

 

159:9:  òÝáèðÛÝæ ïìéÜ òÝãðêæ äñ ÜðïÙÝ ÜïáæØèáÛ 
 

çÝðÙä /á 2 òÝÛÝïè 
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åÛï òÝêÝîïæ;  

 044195 ú Üæãß òñðÝ ïìéÜ òÝãðêæä ØÝÙæ 

äÙØ ,ðÝÞêä äÝãá ÜðïÙÙ áéáéÙ éðÝï) (éðÝïÜ âäÜæÙ ðÙêÝá ÜðïÙÙ ñðÛèÜ êïðÜ 

 

 åáðîÝá ðñØ ,åáñÛßòæÝ åáèàï ÜáÚðèØ òÝðÝïæÝ åáÙãðÝæ åáéæÝê åÝáã òÝääÝã ïìéÜ òÝãðêæ
 òÝêìÝò äñ ÜèÙÜ åÜ òÝáèðÛÝæ ïìéÜ òÝãðêæ òÝßòìòÜÙ åááÞãðæ åáðÚòØ áèñ .òÙãðÝæ ÜïáæØèáÛ

 òÝàáñ çèãòä òäÝãáÜÝ ,äÝÛÚ ÜÛáæ ÜèïÙ òÝÙãðÝæ òÝáæØèáÛ ßÝòáèä åáäã Úáîè ÜÞ éðÝïÙ .òÝäáêá ÜðïÙ
áÞØÝÝïÜ ÙÝðáïÜ :åááÞãðæ åáïäß ÜñÝäñ éðÝïä .ïìéÜ òÝãðêæ äñÝ ÜáÚðèØ òÝðÝïæ äñ ÜïáæØèáÛÜ-

 òðæòÜÙ ñÝæáñÜ ,ÝáòÝäÙÚæÝ áààédq0 Ýéèòá åáàèÛÝàéÜ .ïìéÜ òÝãðêæÙ òðÞÝÙæ ÜðïÙÙ ñÝæáñÜÝ ,

 òèãÝò òðÞêÙ çÝèãòÙÝ ßÝòáèÙSimulink. 

 

è òæáñð;åáØñÝ 

8.  ïìéÜ òÝãðêæ äñ ÜïáæØèáÛú áÞØÝÝïÜ ÙÝðáïÜ-áààé 

9. çæÞÙ åáèòñæ åáðÝÞØì 

10.  òðæòÜdq0 ïìéÜ òÝãðêæÙ ÜáñÝæáñÝ 

11. òÝòñðÝ åááÙáéØì åáàèæäØ äñ áæØèáÛ ÚÝîáá 

12. åáéæÝêÝ ÜáÚðèØ òÝðÝïæ äñ áæØèáÛ ÚÝîáá 

13. åáñÛßòæ òÝðÝïæÝ ,åááéØäï ïìéÜ òÝðÝïæ äñ ÜðïÙ 

14. ïìéÜ òÝãðêæÙ òðÞÝÙæ ÜðïÙ 

15. ðãÜçÝèãòÝ ßÝòáèä åááðæÝè åáäã åê òÝ 

  
;ÜÛáæä òÝØîÝò   äñÝ åáèÝÝÚæ ÜáÚðèØ òÝðÝïæ äñ ÜïáæØèáÛÜ ßÝòáèä òÝáèðÛÝæ òÝàáñ ðáãá àèÛÝàéÜ

.çãòÝ ÜÞáäèØ êÝîáÙä åááðæÝè åáäã äáêìÜä êÛáÝ ,òÝäÝÛÚ ïìéÜ òÝãðêæ 

 

;òÝðÝïæ 

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:   

044195 ú An Introduction to Power Systems and Smart Grids 

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

 

Outline: Modern power systems include complex loads and small distributed energy sources 
that give rise to complex dynamic behavior. Two main challenges in power systems today are 
to analyze large-scale dynamic phenomena, and to design efficient controllers. This course 
presents core techniques for analyzing the dynamics of energy sources and power systems. It 
is divided to three main parts: the quasi-static approximation and its limitations, the dq0 
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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 Matlab-Simulink. 

 

List of Topics: 

1. Power system dynamics ú the quasi-static approximation 

2. Time-varying phasors 

3. The dq0 transformation and its applications in power systems 

4. Dynamic models of passive components and networks 

5. Dynamic models of energy sources and loads 

6. Control of energy sources ú classic and renewables 

7. Distributed control in power systems 

8. Numeric tools for analysis and design 

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

 

Textbooks: 

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

 

 

 

 

)3  (òÝÛÝïè 
 

 äÚéÜ áðÙß  çÝáðèáæé2 159::1 

 

òðÚéæÙ êÝîïæ ÜÞ áäãÝ àèÛÝàéÜ êîÙä àïááÝðì åñä áÝäáæ áïäß äñ òÝñáðÛÜ ðàéáÚæ" ðØÝòä 

òéÛèÜÙ ðàéæ) "äæñß Øää òðÚéæÙ  .(ÜÞáò ÝÞ Ýñêá åáàïááÝðì òðáïé :çÝÚã òÝðìé òÝáîäÝæáé ,òìïæ 

ëïáÜÙ òÙáòã ,äÝÛÚ Üèãò ÜæáØòæ. 

 
 

)3  (òÝÛÝïè 
 

 äÚéÜ áðÙß  çÝáðèáæé3  159::2 

 

òðÚéæÙ êÝîïæ ÜÞ áäãÝ àèÛÝàéÜ êîÙä àïááÝðì åñä áÝäáæ áïäß äñ òÝñáðÛÜ  ðàéáÚæ" ðØÝòä

òðÚéæÙ .(ÜÞáò Øää ðàéæ) "äæñß òéÛèÜÙ ÝÞ Ýñêá åáàïááÝðì çÝÚã: òðáïé òÝðìé  ,òìïæ
òÝáîäÝæáé ëïáÜÙ òÙáòã ,äÝÛÚ Üèãò .ÜæáØòæ 
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2  'Ü 
)2 (òÝÛÝïè 

  åáðäáìæÝïÙ ÜáîÞáæáàìÝØ òÝàáñ 
 
159::4 

 çòèáá ØäÜèñÜ/ 
 

;åÛï òÝêÝîïæ 
046267 ï  åáÙñßæ ÜèÙæ 
046266 ï  .ðÝÛáÜ òÝàáñ 

ÜîðæÜ òæãéÜ ÝØ 
 
1. òÝáîÞáæáàìÝØ òÝáæÝïæ. 
2. òáèÙ ëðÚ òðïÙ òæáðÞ òáèãÝòÜ ÝáñÝæáñÝ. 
3. òÝáîÞáæáàìÝØ äê òÝØäÝä. 
4. Global Data Flow Analysis. 
5. òÝàáñ çÝæÞò òÝÛÝïìÜ òÝáæÝïæ òÝáäÙÝäÚÝ. 
6. òÝàáñ ä- Software Pipelining. 
7. òØîïÜ åáðÚÝØ òáäÙÝäÚ. 
8. òÝïáèãà äÝîáèä çÝðãáÞ çÝæàæ ÚÝéæ instruction Ýdata-. 
9. òÝàáñ memory disambiguation. 

;òÝðÝïæ 
1. Aho, A.V., Sethi, R., Ullman, J.D.  Compilers: Principles, Techniques and Tools, 

          Addison-Wesley, 1986. rec 20003115. 

2. Hecht, M.S. Flow Analysis of Compliter Programs.  North-Holland, 1977.  rec 

                    212852. 

 

ÜèñÜ çòèáá Øä 
åÛï òÝêÝîïæ;  

 
046195-  òÝÛæÝä òÝãðêæ 

 
 åÛï òÝêÝîïæ;åáîäæÝæ  

 
044202-  åááØðïØ òÝòÝØ 

 
 åáæòáðÝÚäØÝ ïîÝæ áèÝáê éáéÙ äê ñÚÛ òæáñ âÝò òÝáèÙò áÝÜáÞä òÝæÛïòæ òÝñáÚÙ ïéÝê éðÝïÜ
 áðàæðì ÚÝÝáé ,òáàéáààéÜ  òÝàäßÜÜ òðÝò :åáØÙÜ åáØñÝèÜ òØ Üéãæ éðÝïÜ .åáæÛïòæ

 åáêÝîáÙ òãðêÜ ,áðàæðìØÝú .òßïÝìæ ØäÝ òßïÝìæ ÜÛáæä ,åáèááìØæ íÝäáß ,òÝáðæÝè òÝàáñÝ åáæéß 
 

;òÝðÝïæ 
 

1. Duda, Richard O. Pattern Classification. Wiley-Interscience, 2001. s.n. 2217905. 

2. Bishop, C. M. Pattern Recognition and Machine Learning. Springer, 2006. s.n. 2282368. 

3. Devroye, L., Gyorfi, L.,  Lugosi, G. A Probabilistic Theory of Pattern Recognition. Springer, 

1996.s.n.2169479. 

4. Scholkopf, B., Smola, A. J. Learning with Kernels: Support Vector Machines, Regularization, 

Optimization, and Beyond. MIT Press, 2002. s.n.2242197. 
 

 
 

2  'Ü 
)2 (òÝÛÝïè 

 åááðÝÞßæ åáèÙæÙ åáäÚ                        159::7 

ÜèñÜ çòèáá Øä 

 
;åÛï êÝîïæ 

2  'Ü 
)2 (òÝÛÝïè 

  òÝáèÙò áÝÜáÞ                                             
 

159::6 
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044148 -  åáäÚ òÝãðêæÝ òÝÚäÝìæ 

 

ÝßòÝèá åáèÙæ åááðÝÞßæ åÝßòÙ áäÚ ÜïáàìÝØÜ ,ÝðïáæÜ òÝãðêæÝ òÝáàèÝÝï. åáèÙæ ÝßòÝèá åááðÝÞßæ 

åáßÝòì òÝáêÙ .åáðÝÚéÝ ðÝÞáì òÝáîïèÝì  .òÝàñìòÜÝ òÝêìÝò .çáðÚ åáèÙæ  .ðÙêæ ÝÛ-òäòÝ- .åááÛæáæ

òÝãðêæ òÝäêÙ ðìéæ áìÝé äñ åáØò Üèáðï .åáÜÞ äñ åáèÝðàïäØ åáêèÜ åáèÙæÙ  .åááðÝÞßæ 

 

;òÝðÝïæ 
1. Schachter, Levy. Beam-wave interaction in periodic and quasi-periodic structures. Springer, 

1997. s.n. 2171654. 

2. Electromagnetic 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. 

 

 

 ØäÜèñÜ çòèáá. 
 

;åÛï êÝîïæ 
046345 ú ,ÝØ òÙñßÝææ ÜïáìðÚ 

035003 ú ,ÝØ å"ÙáòÝ ÜïáìðÚä ØÝÙæ 
234325 ú òÙñßÝææ ÜïáìðÚ 

 
 ðÝÞßñ Ûæäèæòäò åáØò ,åáßàñ- ,åáæòáðÝÚäØ äñ ÜáîæáèØ ,òáêÛæ ÜáîÞáäØÝÞáÝ ,åááÛæáæ ,åáìðÚ ðÝáî

 ,êÛáæ äñ ÜáîÞáäØÝÞáÝ òáÙÝñáß ÜáðàæÝØáÚÙ åáØñÝè áÝäáÚ ,äÝäéæ çÝèãò  ,ÜáîæáèØÙ åÜáñÝæáñÝ

òÝáÝñÚèòÜÜàæ ,-.åáèì äñ ÜáîæáèØ ,åáßàñæ òïÝäß ,éáÞÝìðÝæ  
 

;òÝðÝïæ 
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. Addison-Wesley, 2006. s.n. 2285724. 

4. GPU gems 2: programming techniques for high-performance graphics and general-purpose 

computation. Edited by Pharr, M. Addison-Wesley, 2005. s.n. 2268321. 

5. Hansen, C. Jonson, C.R. Visualization Handbook. Elsevier, 2004. s.n. 2308830. 

 
 

2  'Ü 
)2 (òÝÛÝïè 

 òäÚòéæ ÜðïÙÝ åáïÝÞáß á#ê ÜÛáæä 
 
15:115 

 
ÝÞ ÜèñÙ çòèáá Øä 

 
;åÛï êÝîïæ 
044202 -  òÝòÝØ åááØðïØ 

;åáîäæÝæ òÝêÝîïæ 
046195 -  òÝÛæÝä òÝãðêæ 

 
éðÝïÜ Úáîæ òÝïáèãà ÛÝæáää ÜäÝêì òÝáÚàðàéØ òÝáäæáàìÝØ òÝãðêæÙ òÝáæèáÛ  âÝò ,òÝÙãðÝæ

òÝÛïæòÜ åáæòáðÝÚäØÙ ÝßòÝìñ ÜèÝðßØä ÝßòÙáæ å ÜèáÙ äñòáòÝãØäæ òÙñßÝææ ÜÛáæäÝ . 
áØñÝè ÛÝæáäÜ: 

Ø. Ûß ÜàäßÜ òÝáêÙ- òÝáÙäñ . 

2  'Ü 
)2 (òÝÛÝïè 

 ÜáîæáèØÝ ÜáîÞáäØÝÞáÝ 
 

15:114 
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Ù. ØÝÙæ áæèáÛ òÝèãòä . 

Ú. ÜðïÙ òáÙáàìÛØ äñ åááÙÝïðæ ÜàäßÜ áãáäÜò . 

Û. ÛÝæáä äê áÛá ïÝÞáß ï  áæòáðÝÚäØ()lTD ,learning-Q. 

Ü. ÙÝðï òðÞêÙ òÝòñð  .åáèÝðááè 

Ý. åáñÝæáñ òÝòñð ,ÜïáàÝÙÝðä òðÝñïò ßñæÝïá ßÝä. 
 

;òÝðÝïæ 

1. Sutton, R. S. Reinforcement learning: an introduction. MIT Press, 1998. s.n. 2195422. 

2. Bertsekas, D. P. Neuro-dynamic programming. Athena Scientific, 1996. s.n. 2176412. 

3. Powell, W. Approximate Dynamic Programming. Wiley, 2007. s.n. 2308254. 

 

 
;ÜðêÜ ÜæñðÜÜ ÜÛÙêæä òñðÝÛ ðÝñáØ åÛïÝæ äñ áØðßØÜ äê ÜÛÙêæÜ. 

 
;åÛï òÝñáðÛ 

ÝêÙïá çìÝØÙ áäØÝÛáÝáÛèáØ äãä åñðè. 

 
ÜÛÙêæÜ òÛêÝáæ åáàèÛÝàéä åáñïÙæÜ êîÙä åáàïááÝðì åÝßòÙ ðßØä ,ÜðïÙÜ òÝêÝîïæ  åÛïÜ
òÝêÝîïæÝ áÛÝæáäÙ) åáðßØ ÜãæéÜ/ðñØ ,(åáãæéÝæ ÝêÙïá äê áì åáØñÝèÜ åáàïááÝðìÜ .ÝêîÝáñ ÝáÜá 

òÝáîäÝæáéÙ åáñÝææÝ äñ åáæòáðÝÚäØ áØñÝèÙ ÜðïÙ ÛÝáîÜ òÝêîæØÙ ,åáæÛïòæ ÜÛÙêæÜ  .ÜÛÙêæÙñ 

ÜäÝãá òÝÝÜä Ùäñ çÝñØð ñÝÙáÚä ØñÝè ðïßæ  .åÝßòÙ 
 
 

4 'æ 
)2 (òÝÛÝïè 

 ßàñÜ áðÝæ  åááàèÚæÝðàïäØ åáäÚä ÜÛÙêæ 
 
15:117 

 
åÛï òÝêÝîïæ 

044148 ï òÝÚäÝìæ òÝãðêæÝ åáäÚ 
 

  .åááàèÚæÝðàïäØÜ åáäÚÜ ÝØ òÝÛñÜ åÝßòÙ åáàïááÝðì êîÙä åáèáèÝêæÜ åáàèÛÝàéä òÛêÝáæ ÜÛÙêæÜ
 ÝØ ðÛòÜ ðÝñáæÙ ÜèááÜò òÝÛáÛæÜ ;åáèÝñ åáèïòÜ äñ ÜÛáÛæÝ ñÝæáæ ,çÝèãò ØñÝèÙ ÝáÜá åáàïááÝðìÜ

 òÝðñìØ òæááï  .çæÞÜ ðÝñáæÙ ÜÛÙêæÙ ÜÛÝÙêÜ  .òæááï ÜèãÝò òÝêîæØÙ åááðæÝè åáàïááÝðì êîÙä
.ÜÝÙÚ ðØÝò òØðïä ðïßæ ØñÝè ñÝÙáÚÙ çÝñØð Ùäñ òÝÝÜä ÜáÝñê 

 
 
 

2 'Ü 
)2 (òÝÛÝïè 
 

  åÝñááÝ ÜáðÝØò  ;ÜáìðÚÝàìáðï 15:121 

ÜèñÜ çòèáá Øä/ 
 

;åÛï òÝêÝîïæ 
236506 ï òáèðÛÝæ ÜáÚÝäÝàìáðï 

 
 âðÝîä åááìðÚÝàìáðï åáäã äñ çÝèãòÙ çãÝ òáèðÛÝæÜ ÜáìðÚÝàìáðïÜ äñ åááèÝáêÜ òÝÛÝéáÙ çÛ éðÝïÜ

 .êÛáæ òßàÙØ òÝáêÙ äñ çÝðòì 
 ,åááØðïØ ÝÛÝØéì åáÙßðæÝ ÜèìîÜÜ òÝÛÝéá çÝÚã ÜáìðÚÝàìáðïÙ åáæÝßò çÝÝÚæ âÝòæ ÝðßÙáá åáØñÝè

Ùæ ÜáìðÚÝàìáðï ,ÜêáÛá éìØ áäÝïÝàÝðì ,òÝæáØ òÝáîïèÝì òÝòñðÝ êÛáæ òßàÙØÙ åáæÝñááÝ òðÞÝ
 .òðÝñïò 

 
;òÝðÝïæ 

1. Menezes, A.J., Van Oorschot, P.C., and Vanstone, S.A.: ñHandbook of Applied 

4  ,'æ 
)2 ÝÛÝïè(ò 

ßàñÜ áðÝæ   ÜðïÙ áØñÝèä ÜÛÙêæ 
 

15:116 
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               Cryptographyò. CRC Press, 1977.  rec. 2185618. 
2. Goldreich, O.: ñFoundations of Cryptography (Fragments of a Book)ò.  Electronic 

       Colloquium 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. 

 
 
 
 

15:122  åáæÛïòæ åáØñÝè ÙÝñßæÙ4 ðÛáï /ê  2  'Ü 
)2 òÝÛÝïè( 

 
 éáéÙã åÚ ñæñá éðÝïÜ  .ÙÝñáß òÝãðêæ åÝñááÝ çÝèãòÙ åáðÝñïÜ åáèÝñ åáØñÝèÙ åÛïòæ éðÝï

 .åÝßòÙ ðÝàïÝÛ ÝØ ðàéáÚæ òÛÝÙê êîÙä åáèááèÝêæÜ åáæäòñæä 

 
à#êñòÙ éðÝïÜ ØñÝè ; ðÞÝÙæÝ áäáÙïæ ÙÝñáßÙ åáØñÝè 

 
 ;åÛï òÝñáðÛ  

 046272ú òÝðÞÝÙæ òÝãðêæ:  òÝèÝðïêÝØ  
046001 ú  òÝðÞÝÙæ ÜèãÝò òÝãðêæ òéÛèÜÝØ 
046273 ú  ðÞÝÙæ áäèÝáîïèÝì òÝèãòÝØ 
236357 ú  'Ø åáðÞÝÙæ åáæòáðÝÚäØ ÝØ 
236755 ú  'Ù åáðÞÝÙæ åáæòáðÝÚäØÝØ 
236351 ú  òÝðÞÝÙæ òÝãðêæ 

 òÝðÞÝÙæ òÝãðêæÙ åáæÛïòæ åáØñÝèÙ ïÝéêá éðÝïÜ .åÝßòÙ òÝðìéÜæ åáñÛß åáðæØæÝ òÝáäáÙïæÝ
ØñÝè ñÚÛÝá éðÝïÙ ) áàèàéáéðìÜ çÝðãáÞÜNVRAM ñÚÛÝá çã Ýæã .Ýäñ äÝÜáèä åááäáÙïæ åáæòáðÝÚäØÝ (

 ä ÜáñÝæáñÝ òáàèÞáÙ ÜæãéÜ äñ ØñÝèÜblockchains åáðæØæ äñ òáòÝðïáÙ ÜØáðï äê ñÚÛ åñÝá .
 .åááðïßæ 

;òÝäàæ 
 ã òñÚÜ ,åáðæØæ òØáðï10 ÝÛ êïð ääÝã ,ÛßØ ðæØæ äñ Üìáïæ ÜÚîÜ ,åáðæØæ äê àÝìáñÝ åÝãáé òÝ"ß

  .òÝðìéÜæ 
 

 ;òÝðÝïæ 
.òÝðìéÜæ åáðæØæ 

 
;ÜÛáæä òÝØîÝò 

 åÜ ,ëéÝèÙ .åÝáÜ åáðïßèÜ åáØñÝèÝ òÝðÞÝÙæÜ òÝãðêæÜ åÝßòÙ ðïßæÜ òáÞßä Ýìñßá åáàèÛÝàéÜ
Ý ,äáÙÝæ áðïßæ ðæØæÙ åáìîæ Üæä ÝÛæäá ,òáòÝðïáÙ ÜØáðï ÝäÚðòá äñ ÜæÝðòÜ òØ ÚáîÜäÝ çáÙÜä âáØ

.åÝßòÙ òÝÛÝÙê äñ ÙßðÜ ðñïÜÜ âÝòÙ ðæØæ 
 

 

The course will cover advanced topics in distributed and parallel systems and new research 

papers in the field. The course will emphasize persistent memory (NVRAM) and parallel 

algorithms that access it, as well as Byzantine Agreement and its applications in 

blockchains. The emphasis will be on critical reading of academic papers. 
 
 
 

15:125  åáãáäÜòÝ òÝðÙòéÜÙ åáæÛïòæ åáØñÝè3   2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 

 
;åÛï òÝñáðÛ  
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155313 ú åááØðïØ òÝòÝØ 

 

 Ûê* òáðÙêÙ éÝÙäáé61 )ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 
 

 éðÝïÜ .åÜäñ (åááòÝãáØ) åááÚÝäÝìÝàÜ åáèááìØæÜÝ ,ÜÝÙÚ ÛæáæÙ åááØðïØ åáìðÚ äñ òÝääãÜÙ ïÝéêá ÜÞ éðÝï
äß ,çã Ýæã .ÝÚîÝáñ åáäÛÝæä åááèñÛß åááéÛèÜ åáñÝæáñ åÚ ðÝïéá âØ ,áàðÝØò ßÝòáèÙ Þãðòá ñÛïÝá éðÝïÜæ ï
.ÜáÚÝäÝìÝàÙ åÛÝï êÛá ñðÛè Øä .ÜáÚÝäÝìÝà òÝééÝÙæ òÝãðêæÙ åáñêð çÝèáéÝ âÝðêáñ äñ ØñÝèä 

 
ÛÝæáä áØñÝè 

 
1.  åááØðïØ åááðÝàèáÙæÝï åáéïäìæÝï - 

 äñ áØðïØÜ ëðÚÜ äÛÝæ äñ òÝääãÜErdŖsïRényi   ðÛéæ òÝðáñï òÝáêÙ ,åáÜÝÙÚ åáÛæáæÙ
.ÜÝÙÚ 

2. áØðïØ åááðàæÝØÚ åáéïäìæÝï åá-  

 òÝòñðÙ çÜ åáñæñæÜ ,åááØðïØ åááðàæÝØÚ åáìðÚ äñ òÝääãÜad-hoc  ÜïéÜÝ ÜÛáæäÙ çÜÝ
.òáÚäÝìÝà 

3.  åááØðïØ åáéïäìæÝï âÝòæ òáàéàáààé ÜïéÜÝ âÝðêñ-  
.çÝèáéÝ âÝðêñÙ òÝðÝñïÜ òÝáêÙ çÝðòìÝ ,åááÚÝäÝìÝà åáäÛÝæÙ ñêð òðÛÚÜ 

 
 ;òÝðÝïæ 

 

1. Matthew Kahle. Topology of random simplicial complexes: a survey. arXiv preprint 

arXiv:1301.7165, 2013. Ο 

2.  Omer Bobrowski and Matthew Kahle. Topology of random geometric complexes: a 

survey. arXiv preprint arXiv:1409.4734, 2014. Ο 

3. Partha Niyogi, Stephen Smale, and Shmuel Weinberger. A topological view of 

unsupervised learning from noisy data. SIAM Journal on Computing, 40(3):646ï

663, 2011. Ο 

4. Nathan Linial and Roy Meshulam. Homological connectivity of random 2-

complexes. Combinatorica, 26(4):475ï487, 2006. Ο 
 åáðæØæ òæáñð.éðÝïÜ òäáßòÙ ïäÝßò òÙßðÝæ 

 
 ;ÜÛáæä òÝØîÝò 

 
 òØ ,òáØðïØ ÜáÚÝäÝìÝàÙ åááéáéÙÜ åáäÛÝæÜ òØ ðáãá àèÛÝàéÜ ,ÜßäîÜÙ éðÝïÜ òæäñÜ åê
 åááàéáààé/åááòÝðÙòéÜ åáäÛÝæ çãÝ ,åÜäñ òÝáæÝñááÜ òÝãäñÜÜ òØ ,åòÝØ ßòèä òÝàáñÜ

 .åááéÛèÜ åáæÝñááä åááàèÝÝäðÜ 
 

çÝáîÜ ÙãðÜ; 

 åáàèÛÝàéÜ ðàéæéÜ ëÝéÙÝ -åÝßòÙ òáèãÛêÜ òÝðìéÜæ ðæØæ ðÝßÙä ðàéæéÜ âäÜæÙ ÝñðÛá
ÝÞ ÜÛÝÙê äê ééÙòá çÝáîÜ /ÜòáãÙ ðæØæÜ òØ ÚáîÜäÝ -ðæØæÜ çãÝò äñ ðîï åÝãáé ñáÚÜä 

 

òáäÚèØÙ éðÝïÜ åñTopics in Random Topology   

 
English syllabus:  ÛÝæáä áØñÝè ëéÝèÙ ëáéÝÜä çòáè -åáäáæ 61 Ûê 

 

This course will discuss random simplicial complexes (high-dimensional 
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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 dedicated to estimation and noise filtering in topological 

analysis. No prior knowledge in topology is required. 

Topics: 

1. Random combinatorial complexes -  

High-dimensional generalizations of the ErdŖsïRényi random graph model, high-order 

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 noise, solving problems related to estimation and 

filtering. 

References: 

1. Matthew Kahle. Topology of random simplicial complexes: a survey. AMS Contemp. 

Math, 620, 201-222, 2014. 

2. Omer Bobrowski and Matthew Kahle. Topology of random geometric complexes: a survey. 

arXiv preprint arXiv:1409.4734, 2014. Ο 

3. Partha Niyogi, Stephen Smale, and Shmuel Weinberger. A topological view of 

unsupervised learning from noisy data. SIAM Journal on Computing, 40(3):646ï663, 2011. 

Ο 

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

Combinatorica, 26(4):475ï487, 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 them, their potential applications, and probabilistic/statistical models relveant 
for engineering applications. 

 

15:126 
 

ÝØÛáÝ òÝòÝØ ÛÝÙáê 
 

 2  'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

åÛï òÝêÝîïæ; 
046200-  òÝèÝæò ßÝòáèÝ ÛÝÙáê 

;ÜÜÞ êÝîïæ  
048865-  òÝòÝØ ÛÝÙáêÙ åáæÛïòæ åáØñÝè2 .(à"éñòÝ ß"éñò òèñ) 

 

ÚÝîáá òÝòÝØ ÝØÛáÝ; òÞáäèØ ðÛò ÜæáÚÛÝ äñ òÝòÝØ ÝØÛáÝ; åáäÛÝæ äñ Üæäîæ ÜêÝèòÝ;âÝðêñ ÜêÝèò 

ÜÞÝÞáïÝ ;çÝèáé ðáîÙ çæÞÜ òòßìÜä ñêð ÜáîäÝìðàèáØÝ çáÙ-òÝèÝæò; ÛÝÛáï ÝØÛáÝ òÝòÝØ åÝßòÙ  çæÞÜ-
Ùßðæ åÝßòÙÝ ÜðæòÜÜ; ÝÛáïÛ áÛáðÙáÜ; ÛÝÙáê ÝØÛáÝ ÛÛÝïæ; òÝÛáæê òÝØáÚñä íÝðê; ÛÝÛáï ÝØÛáÝ 

ðÞÝÙæ. 
 

; òÝðÝïæ 

1. Wang, Y.,  Ostermam, J., Zhang, Y-Q. Video Processing and Communications. 

Prentice Hall, 2002. s.n. 2288885. 

2. Tekalp, A. M.  Digital Video Processing.  Prentice Hall, 1995. s.n. 2162797. 



 90 

3. J. W. Woods, Multidimensional Signal, Image and Video Processing and Coding,  

Elsevier (Academic Press), 2006. 

4. òìàÝñÜ òáêÝîïæÜ òÝðìéÜæ åáðæØæ 
 
 
 

2'Ü 
)2 (òÝÛÝïè 

 òÝáèãæÝðàïäØ òÝãðêæÝðïáæ äñ åáäÛÝæÝ çãò 
 *MEMS) 

15:127 

ÜèñÜ çòèáá Øä/ 
 

;åÛï êÝîïæ 
046968 ï  ÝðïáæòÝáèãæÝðàïäØ òÝãðêæ ÝðïáæÝ ÛÝÙáê 

 
 :åáØÙÜ åáæÝßòÙ òÝãðêæÝðïáæ äñ åáäÛÝæ 

  .áàèÚæÝ áààéÝðàïäØ ,áÛáØÝäì ,áàìÝØÝðàïäØ ,áæðò ,(áæèáÛÝ áààé) áèãæ 
Ù ñêðä åáäÛÝæ- MEMS: 

ÜáîðèÚ çÝéèÝÚ) áäæñß ñêð- ÜáîèáÙæÝïðKTC ,1/fÝæðò ñêð ,(- .ÜðÝàðìæà ñêð ,áèãæ 
Ý òÝáðæÝè òÝàáñ- MEMSCAD: 

 .òÝáðßéæ ÜèãÝò òÝäáÙßÙÝ åááìÝé åáàèæäØ òàáñÙ ñÝæáñ 
ä òÝØæÚÝÛ- MEMS: 
 òæäîæCMOS IR .åáÚÝäÝáÙÝ åáæáã åáèñáß äñ òÝãðêæÝðïáæ ,åáäáîðèáØ åáèñáß , 

 .åáêÝîáÙ áÛÛæÝ åáêÝîáÙä òÝáòãðêæ òÝñáðÛ åÝãáé 
 

;òÝðÝïæ 
1. Senturia, S.D.: ñMicrosystem Designò. MIT Press, Boston ,2000.  

2. Papers from current literature.  
 
 

15:128  ÙÝñßæÙ åáæÛïòæ åáØñÝè4 çÝéäÛèæ /Ø 
 

2  + 'Ü1,'ò 
)3 (òÝÛÝïè 

 

ñòÙ éðÝïÜ ØñÝèìØ# ÜðæÝß òÝãðêæ òßàÙØÙ åáæÛïòæ åáØñÝè :ú òÝéèòÜä ÜáðÝØòæ 
 

;åÛï òÝñáðÛ  
¶ 046267 -   ÝØ åáÙñßæ ÜèÙæ234267 - .áòðìé åáÙñßæ ÜèÙæ 

¶ 044147 - (íäæÝæ) åááèÝðàïäØ ÚÝòáæ áäÚêæ 
¶ 104034 - ß òÝðÙòéÜä ØÝÙæ 

 
;òáðÙêÙ éÝÙäáé 

 
 òßàÙÜ ØñÝè âìÝÜ (ÝèèÝîð Øää åÚ) Ýèááß áæÝßò äãä ÙñßæÙ ñÝæáñÜ òðáÛß åê , òÝèÝðßØÙ åáèñÙ

 éðÝïÜ  .òáæÝñááÜ ÜèáßÙÜæ çÜÝ òáðïßæÜ ÜèáßÙÜæ çÜ ÙÝñß ØñÝèä òÝãðêæÜ  Ûæää ÛêÝè êîÝæÜ
òÝãðêæ òßàÙØ äñ åáèÝñ åáàÙáÜ ðÝïßäÝ  åááàðÝØòÜ åáàïìéØÜæ äßÜ òáÛÝßáá ÜðæÝß òÝêîæØÙ

 .òÝèÝñ ÜìïòÜÝ ÜèÚÜ òÝàáñ òÝéèòÜÙ ÜäãÝ åÜäñ 
 òÝãðêÙ ñæòñè ,ØñÝèÜ ÛÝæáä âðÝîä .Ûî áîÝðê ÚÝéæ òÝìïòÜ äñ ñÝæáñ äê éðÝïÙ çòèáá ÛßÝáæ ñÚÛ

ðñìØá ðñØ òÝáÛÝßáá òÝéèòÜ çìÝØÙ òÝæÛïòæÝ òÝèÝñ ÜèÚÜÝ ÜìïòÜ òÝàáñ òØ çÝßÙä åáàèÛÝàéä Ý
 .áñêæ 

 éðÝïÜ .òÝæÛïòæ ÜèÚÜÝ ÜìïòÜ òÝïáèãà äñ åáñêæÜÝ åááàðÝØòÜ åáÛÛîÜ òØ ðáÙéÜä éðÝïÜ òðàæ
 Üñïá ÝØ ,ÝäãÝá Øä åáñðÝæ Øä åáæðÝÚñ çìÝØÙ ÙÝñßæ òÝãðêæ òèÚÜ äñ åááèãÛê åáêîæØÙ åÚ ïáæêá

ëÝäñä ,åÜáäê ÛÝØæ òãðêæÜ òÝÚÜèòÜ äê êáìñÜä ÝØ êÛáæ 
 

òáäÚèØÙ ïäßÙ åááÝîæ åáàðÝìæ ÛÝæáä áïðì 
 

 ;òÝðÝïæ 
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1. Hardware Security: Design, Threats, and Safeguards, Prof. Debdeep Mukhopadhyay, 
CRC Books, 2013. 

2. Introduction to Hardware 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 
 ;ÜÛáæä òÝØîÝò 

 
 ,ÙàáÜ òÝèÚÝæ çèáØ ðñØ òÝãðêææ òÝÛÝé òÙèÚä òÝáÝðñìØÜÝ òÝèãéÜ òØ òáàèÛÝàéÜ çáÙò éðÝïÜ ëÝéÙ

ðæÝßÜ áêîæØ åÜ Üæ çìÝØÙ åòÝØ äîèä Ûîáã ,Ùñßæ òÝãðêæ çÝÚáæÙ ðÝÞêä ÝÛêÝè ðñØ åáæááïÜ Ü
 "Ûî áîÝðêÙ ñÝæáñ" ÚÝéæ ÜìïòÜ òÝàáñ áñêæ çìÝØÙ äÚðòä åáàèÛÝàéä ðñìØá éðÝïÜ .áÙàáæÜ

 ÛÛÝêä âãÙÝ åÝßòÙ ðïßæÜ òáÞßÙ åáØîæèÜ åááèãÛê ðïßæ áØñÝèä ëñßáÜäÝ òØ ðÝïßä åáæäòñæ
ðàéáÚæ òÛÝÙê òðÚéæÙ åÝßòÜ .ðÝàïÝÛ ÝØ 

 
çÝáîÜ ÙãðÜ; 

 
60%  -- 2-3 òáñêæ ÜÛÝÙê çÜæ òßØ òÝßìä ,òáÙ òÝÛÝÙê 
40% -- éðÝïÜ ëïáÜä ÜæáØòæÜ Üèàï òáðïßæ ÜÛÝÙê + òáèÝáðèáæé ÜØîðÜ 
 

 òáäÚèØÙ éðÝïÜ åñfrom theory to practice  úAdvanced topics in Hardware Security  
 

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

¶ Introduction to hardware security and encryption  

¶ Side channel attacks. 
o Timing attacks 
o Power based side channel analysis ú including SPA / DPA 
o Fault Injection Attacks 
o Cache attack 

¶ Hands on side channel attachs 

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

¶ Hardware Trojans 

¶ Security Support in Architecture 
o ARM TrustZone  
o Secure Boot 
o SGX 
o TPM  

 
 

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

¶ What is Hardware security and why it is needed.  

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

¶ The best known methods of implementing Hardware security technique 
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¶ The use of existing means; e,g., SGX (Intel), TrustZone (ARM) 
 
The course also aims to motivate students to do research in this important area. 
 
 
 

 
15:129 

 
 åáÙñßæ çÝèãòÙ åáæÛïòæ åáØñÝè4  2 'Ü 

)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

 éáéÙã åÚ ñæñá éðÝïÜ  .ÙÝñáß òÝãðêæ åÝñááÝ çÝèãòÙ åáðÝñïÜ åáèÝñ åáØñÝèÙ åÛïòæ éðÝï
 .åÝßòÙ ðÝàïÝÛ ÝØ ðàéáÚæ òÛÝÙê êîÙä åáèááèÝêæÜ åáæäòñæä 

 
 

 

2'Ü 
)2 (òÝÛÝïè 

  åááðØèáä åáÛÝï äñ âð ßÝèêì 15:131 
 

ÜèñÜ çòèáá Øä. 
 

;áÝîð åÛï êÝîïæ 
236309/046207 ï  ÜèáìîÜ òðÝòä ØÝÙæ 

 áèìÝî ,ÛÝïÜ áïßðæ ,åáàéÝïä ÜïÝäß ,òðîÝá Üîáðàæ :ïÝäÙ áèìÝîReed Muller  .ÜñïÝ âð ßÝèêì  . 
 ,òÝáãÝÙáé  .åáÙîæÜ çÝæáé ,òÝáèÙæ òÝèÝãò ,åáÙîæÜ Ùßðæ :åááðØèáä ïÝäÙ áÛÝïä éáäðà òæðÚØáÛ

) åáêàïæä âÝòáß  .òÝáäæáèáæTrellis Sectionalization .( 
 .åáàÝñì åáèìÝî òðÞêÙ åáÙãðÝæ åáèìÝî òááèÙ :ïÝäÙ áèìÝî òááèÙ 
 .Üáîèáæðàä òÝàáñ ,òðîÝá Üîáðàæ áÛá äê ÚÝîá  :ÜáîÝäÝÙèÝï áèìÝî 

 áÙáéðÝïð ßÝèêì ,áäØáîèðìáÛ ßÝèêì ,áÙðàáÝ åòáðÝÚäØ  :ÛÝï òäáæä ÜØáÚñ òÝðÙòéÜ ðÝêÞæä ßÝèêì
 .ïÝäÙ áÛÝïä 

áéä ÜØáÚñ òÝðÙòéÜ ðÝêÞæä ßÝèêì åòáðÝÚäØ :òáÙMAP ,SOVA . 
) Üäìãæ áèìÝîProduct Codes .áÙáàðàáØ ßÝèêì :( 

 ïÝäÙ ÝÙðÝàÝ ÝÙðÝà áÛÝïä ØÝÙæLDPC  .ÝäØ åáÛÝï äñ áÙáàðàáØ ßÝèêìÝ 
) çÝèìØÝ Üèáìî ÙÝäáñTCM.( 

 .åÜáòÝèÝãòÝ Úáðé áèìÝî 
 

;òÝðÝïæ 

1. Shu Lin, T. Kasami, T. Fujiwara and M. Fossorier, ñTrellises and Trellis- 

         Based Decoding Algorithms for Linear Block Codesò, Kluwer 1998. 

2. R.E. Blahut, ñTheory and Practice of Error Control Codesò, Addison- 

                 Wesley 1984.  

3. S. Lin and D. J. Costello, ñError Control Coding: Fundamentals and 

           Applications, Prentice Hall, 1983.  

4. òÝðìéÜæ åáðæØæ 

 

 

 

2 ,'Ü 
 )2  (òÝÛÝïè 

   åáðÝò òÝòñð 15:132 
 
 

 ðìéæ éðÝïÙ ëäßÝÜ éðÝïÜ046021. 
 

 
2  ,'Ü 
)2 (òÝÛÝïè  

 ÜïáàìÝØÝðàïäØÙ  åáæÛïòæ åáØñÝè 4 15:133 
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 åÝßòæ ðïßæ áØñÝèÙ ïéÝêÜ ÜïáàìÝØÝðàïäØÙ åÛïòæ éðÝï.ÜîðæÜ äñ Ýðïßæ 

 
 ;ì#ñò òèñÙ éðÝïÜ ØñÝèChallenges in MQED 

ðîÝïæ áðÙê åñ: òáìÝïéÝðïæ òáàèÝÝï ÜïáæèáÛÝðàïäØÙ åáðÚòØ 
 

;åÛï òÝñáðÛ  
 :åÛï áéðÝï 

òáìÝïéÝðïæ òáàèÝÝï ÜïáèæáÛÝðàïäØ )048930 ÝØ (åáæÝàØÝ åáèÝàÝì äñ ÜáîïØðàèáØ )118137( 

 òÝêÝîïæ0ÜÜÞ êÝîïæ0åÛï òÝêÝîïæòÝÛáæî òÝñáðÛ0ëéÝè áÝãáÞ Øää  
 

òáðÙêÙ éÝÙäáé 
 ÜïáæèáÛÝðàïäØ ,ÜïáèÝàÝìÙ ðïßæÜ òáÞßÙ åáñÛß åáØñÝè .ðæÝß ðÝØ òáîïØðàèáØÙ åáæÛïòæ åáØñÝè

.òáàèÝÝï ÜïáàìÝØÝ ,òáàèÝÝï 
 

 ÝñïÙòá åáàèÛÝàé .ðèáæéÝ òÝØîðÜ äñ òÙäÝñæ òèÝãòæÙ ðÙêÝá éðÝïÜ äê áèãà ðÝêáñ ðáÙêÜäÝ ðèáæé ðáÙêÜä
ßÝäÜ. 
 

 ;òÝðÝïæ 
òáèãÛêÜ òÝðìéÜæ åáðæØæ 

 

 
 ;ÜÛáæä òÝØîÝò 

 çÝáéáè ÝäÙïá .òáàèÝÝï ÜïáàìÝØÝ òáìÝïéÝðïæ òáàèÝÝï ÜïáæèáÛÝðàïäØÙ òÝñÛß òÝàáñ ÝäÚðòá åáàèÛÝàéÜ
.òáèãÛê òÝðìé äê ééÙòÜÙ ßÝäÜ äê åáÙÝñáßÝ òÚîæ Ùðêá éðÝïÜ .åÝßòÙ ðïßæÙ 

 
;çÝáîÜ ÙãðÜ 

òÚîæ çÝàïáÝðìÝ 100% 
 
åñ òáäÚèØÙ éðÝïÜ 

Challenges in MQED  

 

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

electrodynamics, and quantum optics. 

 

Learning Outcomes:  

The students will practice state-of-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. 

 
 
 
 
 

2  'Ü 
)2 (òÝÛÝïè 

 äÝäé òðÝñïòòáàÝßäØÝ òáð 
 

15:134 

ÜèñÜ çòèáá Øä/ 
 

 ;åÛï êÝîïæ 
046206 ï  òáòðìé òðÝñïòä ØÝÙæ 

 
äê ÜáÜá ñÚÛÜ .òáàÝßäØÝ òáðäÝäé òðÝñïò ØñÝèÙ êÛá òòä ØáÜ éðÝïÜ òðàæ 

 physical interface  .ä"èÜ òÝãðêæÜ äñ 
òÝèÝñ òÝàáñ ,òÝãáêÛ åê íÝðê ,òáðäÝäé òðÝñïòä ØÝÙæ :ÝáÜá éðÝïÜ áØñÝè 

)diversity techniques (ú )  ÙßðæÙMIMO, BLAST òÝÙÝðæ òÝãðêæä ÜñáÚ òÝàáñ ,ðÛòÙÝ çæÞÙ (
 åáñæòñæTDMA ,FDMA   äê ñÚÛ ÛßÝáæÙÝCDMA )WCDMAÝ (- OFDM ÝáÛðÜ ïñææ , 
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)radio interfaceçÝñØð ðÝÛ äñ (, Ûáòêä àÙæ ,òÝáðäÝäé òÝãðêæ äñ áñáäñÝ áèñ ú   ,áêáÙð ðÝÛOFDM ,
UWB. 
 

;òÝðÝïæ 
 

1. Gitlin, R.D., Hayes, J.F., Weinstein, S.B. òData Communication Principles". 

          Plenum, 1992.  s.n. 2123470. 

ÜèñÜ çòèáá Øä 
 

 ,åáðîï ðÝØ áïÞÙÜÙ åáòÝÝáêä åáæðÝÚÜ ,òÝáðØáèáä Øä òÝêìÝòÝ åááðØáèáä åáàïìØ ÝÚîÝá ÜÞ éðÝïÙ

 ßòÝìò éðÝïÜ äñ çÝñØðÜ ÝïäßÙ .òÝáÚÝäÝáÙ òÝæïð çÝÚã ,ÜÝÙÚ ðÝÞáì áäêÙ åáãÝÝòÙÝ åáÙáéÙ åáêèÜ
 ,åááéáéÙ òÝèÝðïêæ òÝàñìòÜ òðØòæÜ, áðÝàïÝÝÜ ÜÚÝîááÙ òáðØèáä ØäÜ ðÚèáÛðñ òØÝÝñæ åáäÚ

 .åáÙáéÙðÝØ áïÞÙÜÙ òÝÝáêä åáæðÝÚÜ ,åááðØèáä ØäÝ åááðØáèáä åáàïìØ åáæáÚÛæÜ òÝèÝðòì ÝÚîÝá ,
.åááàìÝØ åáÙáéÙ åáêèÜ   ÜäÙÚæä åáæðÝÚ åÜÝ ,òáàìÝØ òðÝñïòä òÝãðêæÙ ÜÙð òÝÙáñß ÝäØ åáàïìØä

áðØèáä Øä åáàïìØ äñ åáñÝæáñ ÝÚîÝá .ÙáéÙ ðáÙêÜä çòáèñ áäæáéãæÜ êÛáæÜ Ùîï äê òÝãðêæÙ åá
 çÝðßØÜ êÙðÙ .âÝìÜÜ ðÝÞáìÜ òðÝòäÝ åááàìÝØ åáèÝàáäÝéä ØÝÙæ çòèáá .åáðÞááäÙÝ òáàìÝØ òðÝñïòä äñ

ÜÝÙÚ ðÝÞáì áäêÙ åááàìÝØ åáãÝÝòÙ ðÝØ òÝàñìòÜ äñ ßÝòáè ØÙÝá éðÝïÜ òØÝÝñæ äê ééÝÙæÜ ,
ðÞìæÜ âÝÝòÜ äñ åáðàæðìÜ âÝðêñä òÝïáèãà ÝÚîÝá.ÜáÞÝìáÛÜ òØÝÝñæÝ àðÝìéèðàÜ  òÝÛáÛæ âÝòæ

 .åááØÝìð åáãðîä òÝáÚÝäÝáÙ òÝæïð äñ áÝìáæä òÝãðêæ äê ñÚÛ åñÝá .òÝáàìÝØ  
 

;òÝðÝïæ 
1. Agrawal, G.P. Nonlinear Fiber Optics. 4th ed. Academic Press, 2007 

      s.n. 2289576 ï 4th ed.,  2007               s.n. 2231878 ï 3rd ed., 2001  

Optical-thermal response of laser irradiated tissue. Edited by Welch A.J, Gemet, M. J. C., 

Plenum. 

 
 ;åáîäæÝæ åÛï òÝêÝîïæ 044268- æØ åáæòáðÝÚäØÝ åáèÝòè áèÙæä ØÝÙ 

                                           234247-  åáæòáðÝÚäØ1ÜæÝÛ ÝØ , 
                                    ÝØ/Ý234293- ,ÝØ æ"æä òÝîÝÙïÜ òðÝòÝ ÜïáÚÝä 

                                           106156- ÜæÝÛ ÝØ ,òáàæòæ ÜïáÚÝä 
                                                          

 ;ÜæÝÛ êÝîïæ049017 ú  ÙÝñßáæÙ åáæÛïòæ åáØñÝè3 ÜîðæÜ ðÝñáØ ÝØ ,Ù"éñòÙ çòáèñ 
 

 Ùñßæ òÝáèãò ßÝòáèÝ çãòÙ ÜáñÝæáñ òØ åáÚÛáÝ òÝðÞÝÙæ òÝãðêæÙ  êÛáÜ òðÝò òØ Úáîæ ÜÞ éðÝï
 ÝØ/Ý ,òáàæòæ ÜïáÚÝä çÝÚã åáØñÝè òðãÜ .åáìòòñæ áÙÝðæ åáïßñæÝ òÝðÞÝÙæ ÜÝÝÜæ åáæòáðÝÚäØ

 òÝïáÚÝä ,òÝðÞÝÙæ òÝãðêæ äÝÛáæ ,åááðñìØ òÝæäÝê äñ Üïáàèæé :Ýääãá åáÛæäèÜ åáØñÝèÜ .çÝðòá
 ,åáïßñæÙ êÛá ,åáðßØ åááòîÝÙï êÛá áÙîæÝ ëòÝñæ êÛá ,Ûáßá çãÝé äñ êÛá ,çæÞÝ êÛá äñ òÝáäÛÝæ

.åáïßñæÝ òÝðÞÝÙæ Ùñßæ òÝáèãò ßÝòáèÝ çãòÙ åáñÝæáñ 
 

 ;òÝðÝïæ  
Reasoning about knowledge. Fagin R. et al. MIT Press, 2003. s.n. 2260116, s.n. 2195667. 

Hintikka, J. Knowledge and belief: An introduction to the logic of the two notions. Cornell University 
Press, 1962. s.n. 2103268. 

ïßñæÜ òðÝò .Ø,çäÝé ,.æ,ðäñæ  ,.ñ ,ðáæÞ ß"éñò ,éèÚØæ .åá2008 .æ.æ .2299306. 
òðÝò : òáÚàðàéØ ÜÙáñß .á ,ðæáÜèÚÝÚ ,.Ø ,íìß   .äÝÜáèÙÝ ÜäãäãÙ ÜáñÝæáñÝ åáïßñæÜ 

  , ß"éñò ,ÜßÝòìÜ ÜàáéðÙáèÝØ2008 .æ.æ .2296800.  

 

 
 

2  ,'Ü 
)2 (òÝÛÝïè 

  áäêÙ åáãÝÝòÙÝ åáÙáéÙ ðÝØ áïÞÙÜ òÝàñìòÜ
/ÜÝÙÚ ðÝÞáì 

5:135 
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éÞÝæ /á òÝðÞÝÙæ òÝãðêæÙ åáïßñæÝ êÛá                      
 
15:137 
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2 'Ü 
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 áÚÝäÝìðÝæ òÝèÝæò ÛÝÙáê 
 

15:139 
 

/ÜèñÜ çòèáá Øä 
 

;åÛï òÝêÝîïæ 
046200 ú òÝèÝæò ßÝòèÝ ÛÝÙê 

;ÜæÝÛ êÝîïæ 
048926 ú Ú"éñòÙ çòáèñ òÝèÝæò ÛÝÙáêÙ åáæÛïòæ åáØñÝè 

 
 òáàæòæ ÜáÚÝäÝìðÝæú  òÝæðä ÜÙßðÜ ,(åáñÝæñÝ ÜáðÝØáò) òáðèáÙ ÜáÚÝäÝìðÝæ ,ÜáîÙáàÝæÝ òÝðÛÚÜ

 ,òÝèÝæò äñ áÚÝäÝìðÝæ ÚÝîáá ,áÚÝäÝìðÝæ çÝèáé ,åáðáñï åáðÝàðìÝØ ,åÝñáá ,(åáñÝæñÝ ÜáðÝØáò) ðÝìØ
Ü åáæòáðÝÚäØ òðÞêÙ ÜáîàèæÚé- watershed  .åáæÛïòæ åáàÙáÜ ,åáæäñ åáÚáðéÙ ÜáÚÝäÝìðÝæ , 

 

;òÝðÝïæ 

1. Soille, P.  Morphological Image Analysis:Principles and Applications 2nd  

ed.  Springer,2003. s.n. 2249529 

2. Dougherty, E.R. An Introduction to Morphological Image Processing.  

SPIE Press, 1992. s.n. 2126377 

3. Serra, J. C. Image Analysis and Mathematical Morphology. 2 vols. 

           Academic Press, 1982, 1984. s.n. 208825 

    

2'Ü 
)2 (òÝÛÝïè 

ÚðÙèáàñ /á åáñæòñæ òÝÙÝðæ òÝãðêæä ÜáîæðÝìèáØÜ òðÝò                      
 

15:138 
 
 
 

;åÛï êÝîïæ 
048733 ï  .ÜáîæðÝìèáØÜ òðÝò 

 ;ÜæÝÛ êÝîïæ 
048703 ú  ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝèú ÜîðæÜ ðÝñáØÙ ÝØ åáñæòñæ òÝÙÝðæ òÝãðêæ 

 
  .Ûáßá ñæòñæ íÝðê ÛÝÛáïÙ òÝáéáéÙ òÝØîÝòÝ ÛÝéá áÚñÝæ äê ÜðÞß  áàìñæÝ áðÝàïÝ áéÝØÚ íÝðê .áéÝØÚÜ íÝðêÜ

water pouring òÚîÜ .Ûî êÛáæ åê äÝÙáï .áØðïØ ÙîæÙ áÝäòÜ Ûáßá ñæòñæ íÝðê .àðé äÙÚÝæ áéÝØÚ íÝðê .
 áéÝØÚ íÝðê .òÝñáÚ ÜÙÝðæ íÝðêä ÛÝÛáï àìñæÝ äÝÙáï åÝßò .åáñæòñæ áÙÝðæ åáîÝðê äñ åááéáéÙÜ åáäÛÝæÜ

Ýðêä áääã äÛÝæ .òÝñáÚ ÜÙÝðæ) ÜîìÜ íbroadcast channel ) ÚðÝÛæ ÜîìÜ íÝðê .(degraded àìñæÝ äÝÙáï åÝßò ,(
 åáæØÝòæ òÝðÝïæä òÝÝáê Øää ÛÝÛáï .Ûáßá ðÝïæ ÛÝÛáïÙ òÝáéáéÙ òÝØîÝò äê ÜðÞß .áéÝØÚ ÜîìÜ íÝðê .ÛÝÛáï

Slepian-wolf) òáêÙ .Ûî êÛáæÝ òÝÝáê åê ðÝïæ ÛÝÛáï .(Wyner -Ziv.  çÙ òÝáäØÝÛ :áäèÝáîìÝØ åê ÛÝÛáï òÝáêÙ
 .Ûî êÛáæ åê ðÝïæ ÛÝÛáïÝ Ûî êÛáæ 

 
;òÝðÝïæ 

 
1. Communications and cryptography: two sides of one tapestry. Edited by Richard E. Blahut et al. 

Kluwer Academic Publishers, 1994. s.n. 2165721. 

2. Cover, T.M., Thomas, J.A. Elements of information theory. Wiley, 2006.  

ed., 2006.                          nd2 ïs.n. 2287372        

ed., 1991. st1 ïs.n. 2114535        

3. Csiszar, I., Korner, J. Information theory: coding theorems for discrete memoryless systems. 

Academic Press, 1981.s.n. 227751 

4. Gallager, R. G. Information Theory and Reliable Communication. Wiley, 1968.  

      s.n. 222990. 
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2'Ü 
)2 (òÝÛÝïè 

 òðÝñïòÝ òÝòÝØ ÛÝÙáêÙ çÝáðèáæé            
 

15:13: 
 

/ÜèñÜ çòèáá Øä 
 

åÛï òñáðÛ:  
 044198 ú êÝîïæÜ ÜðÝæ ðÝñáØÝ òÝòÝØ äñ áòðìé ÛÝÙáêä ØÝÙæ 
 

;ÛÝæî êÝîïæ  
046201 ú             åááØðïØ òÝòÝØ ÛÝÙáêä ØÝÙæ 

 
 òáêÛæÜ òÝðìéÙ ÝæéðÝì ðñØ òðÝñïòÝ òÝòÝØ ÛÝÙáêÙ ÜáîÞáæáàìÝØä åáèÝñ åáæòáðÝÚäØ òðáïé

ïæ òÛðìÜ ,ÜáîÝäÝÙèÝïÛ òÝáêÙÙ åáïéÝêÜ åáØñÝè ÝðßÙáá ÛßÝáæÙ .òìàÝñÜ  ,òðÝÝê ÜðÝîÙ òÝðÝ
 .òáàèÝÝï òðÝñïòÝ åáðÝÝê åáèÝÝñæ ääÝã ðÛòÙÝ çæÞÙ íÝðê áèÝÝñæ ,âÝðêñ òÝØáÚñ äê åáæéß 

 
 Úáîá éðÝïÜ áìòòñææ ÛßØ ,ñÚìæ äãÙ ,éðÝïÜ âñæÜÙ .éðÝïÜ Üîðæ á"ê Ýèòèáá åáèÝñØðÜ åáñÚìæÜ

àèÛÝàéÜ äê .ØñÝèÙ çÝáÛ äáÙÝáÝ (éðÝïÜ Üîðæ åê åÝØáòÙ ðßÙ ÝòÝØ) ØñÝè  åÝßòÙ òÝðìé ðïé òÝñêä
 Ûïæòá åÙáÙé åááéáéÙ åááèñ ÝØ ÛßØ ðæØæ ØÝîæä Ýáäê ,çã Ýæã .ØñÝèÜ äñ Üðáïé Üòáãä ÚáîÜäÝ

 áìÝé åÝãáé çáãÜä àèÛÝàéÜ äê ,ØñÝèÜ òÚîÜ ðßØä .çÝáÛÜ áèìä êÝÙñ éðÝïÜ áìòòñæä åîáìÜäÝ çÝáÛÜ
 éßááòÜä Ýáäê åÝãáéÙ .åáìòòñæä ïäÝßáñ çÝáÛÜ áðïáê åê ëáïæ âäÜæÙ ÝððÝêòÜñ òÝäØñä åÚ

.çÝáÛÜ 
 

;òÝðÝïæ 
.òìàÝñÜ òáêÝîïæÜ òÝðìéÜ âÝòæ 

 
2'Ü 
)2 (òÝÛÝïè 

áïðáÙ /  åáØñÝèçÝéßØ òÝãðêæÙ 15:141 
 
 

åÛï êÝîïæ;   
044334 ú (ÜæÝÛ êÝîïæ ÝØ) åáÙñßæ òÝòñðä ØÝÙæ 
046209 ú (ÜæÝÛ êÝîïæ ÝØ) ÜäêìÜ òÝãðêæ ÜèÙæ 
046267-  êÝîïæ ÝØ) åáÙñßæ ÜèÙæ(ÜæÝÛ 

 
;ÜæÝÛ êÝîïæ 

048750-  åáÙñßæ çÝèãòÙ åáæÛïòæ åáØñÝè1- Û"éñò ,Ú"éñòÙ çòáèñ 
 

êÝîïæÜ Ù ïÝéêá ÜÙáñßä òäÝãá àèÛÝàéä òÝèïÜä ÜðàæÙ ,òðÝñïò òÝðáòêÝ òÝæÛïòæ çÝéßØ òÝãðêæ
 òÝáèðÛÝæ çÝéßØ òÝãðêæ äñ òÝðÝàïàáãðØ ÝèÝÛá êÝîïæÙ .âðÛÜ âñæÜÙ ÝæÝÛáïä ëØÝ åÝßòÙ òáòðÝïáÙ

Ùæ) òñð òÝééÝSAN, NAS, Object Store) åááàèÙäð òðÝñïò áäÝïÝàÝðìÝ òÝãðêæ çãÝ (iSCSI ,Fibre 

Channel ArchitectureÝ ,- Infiniband.( Ýæã-çã áçßÙ áãðî çáÙ ðñïÜ òÝáðïáê çÝéßØ òÝáîïèÝì 
ÜÝòÝèÝñÜ òÝðÝàïàáãðØ. 
 

;òÝðÝïæ 
1. Clark, T. IP SANs: A Guide to iSCSI, iFCP, and FCIP Protocols for Storage Area Networks. 

Addison-Wesley, 2002. s.n. 2242516. 

2. Hufferd, J. L. ISCSI: The Universal Storage Connection. Addison Wesley, 2003.  

      s.n. 2258399 

 
 

 
 

2'Ü 
)2 (òÝÛÝïè 

 Ù ðÝÙáß áÝÝï äñ ÜáîÞáæáàìÝØÝ åáäÛÝæ.VLSI 15:142 
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ÜèñÜ çòèáá Øä 
 

;åÛï òÝêÝîïæ 

046864  - òÝðáÜæ òÝáòðìé òÝãðêæ çãò 
046880-   òÝãðêæ  äñ Ùñßæ òðÞêÙ çãòVLSI  
                 ÜîðæÜ ðÝñáØ ÝØ  
 êÝîïæÜæÝÛ; 
048864-  åáÙñßæ çÝèãòÙ åáæÛïòæ åáØñÝè2- Û"éñòÙÝ Ú"éñòÙ çòáèñ. 

 

òÝÙáñß äñ òðÙÝÚ  òÝãðêæÙ åáðÝÙáßÜVLSI ÜáÚÝäÝèãàÜ òÝßòìòÜ òÝÙïêÙ òèáßÙæ ,

çÝèãòÜ íæØæÝ ßàñ ,ñêð ,ïìéÜ ,òÝðáÜæ  . 

òÝòñðæ òÝêÙÝèÜ òÝäÙÚæ-.åáÙÙñÙ åáðÝÙáß  çÝèãòÙ  åáäÝïáñVLSI   ÞÝÙÞÙ .âÝæè ïìéÜä

 .ðÝÙáß áÝÝïæ êÙÝèÜ ïìéÜïÙ áÝÜáñ ÙÝñáßä  åáäÛÝæÝáîêÙÝ åáÝ- òÝèÝãò .ðÝÙáß     äñ

 äÛÝæElmore .áÝÜáñä ñÝæáñ åáÝÝïÙ òÝðáÜæ  äñ ÜáîÞáæáàìÝØä åáîîÝßÙ  áîêÙÝ

 .åáðÝÙáß.ÙÙñÜ òæðÙ åáÝï çáÙ  ÛÝæáîÝ áòðìé ñêð äñ åáÙÝðáïÝ åáÙÝñáß   ÜÞáäèØ

  .åááÚÝä åáäÝäéæÙ ñêð äñÝ áÝÜáñ äñ òáààéÙÝòáè  âðÝØ äñ ÜáîÞáæáèáæ  :áàæÝàÝØ

åáäÝäéæ ,åáÝï  .òÝáÜñÜÝ  .åáÙÙñÙ ðÝÙáß áÝÝï òÝØðñÜ  òîìÜòÝØ òÝçÝêñ . òïìéØ

åáßòæ. .ÙÙñ äê òðÝñïò òñð 

 
;òÝðÝïæ 

1. Interconnect Analysis and Synthesis. Cheng, C.-K. et al. Wiley, 2000. s.n. 2223750. 

2. Kahng, A. B. On Optimal Interconnections for VLSI. Kluwer, 1995. s.n. 2212499. 

3. Mezhiba A. V. Power Distribution Networks in High Speed Integrated Circuits.  

      Kluwer, 2004. s.n. 2257266. 

4. Celik M., Pileggi N., Odabasioglu A. IC Interconnect Analysis. Kluwer, 2002.  

      s.n. 2250507. 

5. Interconnect Technology and Design for Gigascale Integration.  Edited by Davis, J., Meindl, J. 

D. Kluwer Academic Publishers, 2003. s.n.2255301. 

6. Moll, F., Roca, M. Interconnection Noise in VLSI Circuits. Kluwer Academic Publishers, 2004. 
s.n.2257024. 

7. Popovich, M., Mezhiba, A. V., Friedman, E. G. Power Distribution Networks with On-chip 

Decoupling Capacitors. Springer, 2008. s.n. 2300013. 
8.   Sapatnekar, S. Timing. Kluwer Academic Publishers, 2004. s.n. 2261260 

 
 

2'Ü 
)2 (òÝÛÝïè 

  ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝè5 
 

15:143 
 

ÜèñÜ çòèáá Øä.  
 

 òðÚéæÙ òðÝòÝ ÜáîæðÝìèáØÜ òðÝò äñ àÙáÜæ òðÝñïò åÝßòÙ òÝáÝßòìòÜÜ Üèðïéò éðÝïÜ
.òáàéáààéÜ òðÝñïòÜ 

 
 
 
 
 
 
 
 
 

2'Ü 
)2 (òÝÛÝïè 

 òÝääãÝæ ÜæáÚÛ òÝàáñ 
 

15:144 
 

 ÜèñÜ çòèáá Øä 
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åÛï êÝîïæ;   
044198 ú .òÝòÝØ äñ áòðìé ÛÝÙáêä ØÝÙæ   

òáðØèáä ÜðÙÚäØÙ áéáéÙ êÛá. 
 

;ÜæÝÛ êÝîïæ 
048939-  òÝòÝØ ÛÝÙáêÙ åáæÛïòæ åáØñÝè3- Û"éñòÙÝ Ú"éñòÙ çòáèñ 

 
 éáð áéáéÙ ,òÝáðØèáä òÝáîæðÝìéèðà ,òÝáæáèì òÝäìãæ ,àðÙäáÜ áÙßðæ(Riesz bases) òÝäàÜ ,

  òÝèéãÝäæÝ òÝáäèÝÚÝòðÝØ(oblique projections) òÝðÚéæÜ òðÝò ,(frame theory) òÝòÝØ òÚîÜ .
 òÝÛáÛææ òÝØ äñ áÙïê ðÝÞßñ ,åááääã åáÙßðæÙ òÝòÝØ äñ áäæáàìÝØ ðÝÞßñ ,åáääã àðÙäáÜ áÙßðæÙ

 òÝèéãÝäæ òÝðÚéæ òÝêîæØÙ ðòá òæáÚÛ ,òÝèÝòè(oblique frames). 
òÝèéãÝäæ òÝäàÜ òÝêîæØÙ ðÝÞßñÜÝ ÜæáÚÛÜ äñ òáðàæÝØÚ ÜÚîÜ .òÝáäæáàìÝØ  ÜáîäÝìðàèáØ òÝàáñ.  

 
;òÝðÝïæ 

 
1. Young, R. M. "An Introduction to Nonharmonic Fourier Series". Academic Press, 2001. s.n. 

2251012 ïRev.ed., 2001. s.n. 200708 ï 1980. 

2. Papers from the current literature. 
 
 
 

2'Ü 
)2 (òÝÛÝïè 

  òÝãðêæòÝæáÛ òÙñßÝææ ÜááØðä  15:145 
 

ÜèñÜ çòèáá Øä. 
 

êÝîïæòÝ åÛï åáîäæÝæ; 
046200 ú òÝèÝæò ßÝòáèÝ ÛÝÙáê 
236873 ú òÙñßÝææ ÜááØð 
114210 ú  ÜïáàìÝØ 

ÜîðæÜ òæãéÜ ,ÝØ 
;ÜæÝÛ êÝîïæ 

048972-  òÙñßÝææ ÜááØðÙ åáæÛïòæ åáØñÝè2- Û"éñòÙÝ Ú"éñòÙ çòáèñ 
 

 òèÙÜÙ Ûïæòæ ØÝÜ .òÙñßÝææ ÜááØðÙÝ ÜááæÛÜÙ ðïßæÜ òáÞßÙ åáØñÝè ðìéæ Üéãæ êÝîïæÜ
 åáàïìØÜ åáèñááßä ÜäáÙÝæ ÝÞ ÜèÙÜ .ÜááæÛÜÜ òãðêæÙÝ ÜèáîéÙ åáñßðòæÜ åáäïáÞáìÜ

 åáäã Ûæäæ êÝîïæÜ ,ëéÝèÙ .òáñÝèØ ÜááØðÝ òÙñßÝææ ÜááØðä åáðÞÝêñ òÝèÝæò ßÝòáèä åáæòáðÝÚäØäÝ
 åáØñÝèÜ .ÜááæÛÜÙ òÝñæòñÜ òÝäáÜïÜ ðÝÙê ÜÙßð ÜãäñÜ çÜä ñáñ òÝèÝæò ÛÝÙáêä åáæÛïòæ

ääã ÜááØð :åáéÝãæÜ- ã    òÝèÝæò ÚÝÞáæ ,òÝæäîæ äñ òÝáðØèáä ðéÝß ÞÝÞáïÝ áæØèáÛ åÝßò ,òáèÝÝá
)image fusionáìîð  äñ   åòæÝðò   ,(-  ÜááæÛÜ  ,òÝèÝæò    äñ  òÝïáØÞÝæÝ   ,ÝØÛáÝ 

áàäÝæ-  áäÚÜ áìÝØÜ äÝîáè ,ðÞìæ âÝÝò âðÛ ÜááØð ,åáêÝÛá ØäÝ åááääã ÜðÝØò áØèòÙ ÜááØð ,òáäðàïìé
ïéÝðïáæ ,ðÝØÜ äñ.ÜÙáïê ,òáàìÝØ ÜáìÝ 

 
;òÝðÝïæ 

15:146 òñêÝð ÜÙáÙéÙ ðÝÙáÛ òÝòÝØ ÛÝÙáê  2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

åÛï êÝîïæ;   
044198- òÝòÝØ äñ áòðìé ÛÝÙáêä ØÝÙæ 
044202- åááØðïØ òÝòÝØ 

       Horn, B. Robot Vision. MIT Press, 1986. s.n. 2024283 
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;åáîäæÝæ òÝêÝîïæ 
048745- òÝòÝØ äñ áòðìé ÛÝÙáê 
046201- åááØðïØ òÝòÝØ ÛÝÙáêä ØÝÙæ 

;ÜæÝÛ êÝîïæ 
048831-  òÝòÝØ ÛÝÙáêÙ åáæÛïòæ åáØñÝè1- Û"éñòÙÝ Ú"éñòÙ çòáèñ 

 
çæÞÙ ÜÞòèáéÝ ÜÞáäèØ ,çæÞ òÝèÝäßÙ ðÝÙáÛ ÛÝÙáê ,ðÝÙáÛ äñ ÜèÙÜÝ Üðáîá- òðæòÜ ,ðÛòwavelet ÜÞáäèØ ,

Ùð-Ù ÜáîïáìáÛÝæ ,òÝáîÝäÝÞðçæÞ- ,áðØáèáäÜ áÝÞáßÜ äÛÝæ ,åáàèæðÝì âÝðêáñ ,áÛÝéá ðÛò âÝðêáñ ,Üäïé
áäØðàïìé ÜòßìÜ ,ñêð áØèòÙ ðÝÙáÛ òÝØ ðÝìáñò âÝðêáñ ,äÛÝæ ééÝÙæ ÛÝÙáê ,áÙáàðàáØ ðÝÞßáñ ,

áäØðàïìé ÜÛÝàáäìæØòâÝðêáñ ,  äñ òÝãáØ áÛÛæ ,ÜêáæñÜ òãðêæÙ âÝéáæÜ òêìÝò ,ñêð åÝðàïìé
èÝìÝðïáæ âðêæ ,ðÝÙáÛ) äÚòéæ ñêð çÝèáé ,åáANC áÙßðæ ÛÝÙáê ,((beamforming)çÝèáé ,  âðêæÙ ñêð

) òÝðÝïæ òÛðìÜ ,åáèÝìÝðïáæBSS.( 
 

;òÝðÝïæ 
 

1. Quatieri, T. F. Discrete-Time Speech Signal Processing: Principles and Practice. Prentice-Hall 

PTR, 2002. s.n 2239446. 

2. Deller, J. R. Hansen, J. H. L., Proakis, J. G. Discrete-Time Processing of Speech Signals. IEEE, 
2000. s.n. 2242968. 

3. Microphone Arrays: Signal Processing Techniques and Applications. Springer, 2001. Edited by 

Brandstein, M., Ward, D. s.n. 2236608. 

4. Moon, T. K., Stirling, W. C. Mathematical Methods and Algorithms for Signal Processing. 

Prentice Hall, 2000. s.n.2259924. 

5. Benesty, J., Makino, S.,Chen, J. Speech Enhancement. Springer, 2005. s.n. 2270038. 

6. Noise Reduction in Speech Processing. Benesty et al. Springer, 2009. s.n. 2306276. 
 
 
 

15:147 Ù åáæÛïòæ åáØñÝè-VLSI  2  2 'Ü 
)2 (òÝÛÝïè 

/ÜèñÜ çòèáá Øä 
 

 éðÝïÜ òÝãðêæ äñ ßÝòáèÝ çÝèãò ,ÜèÙæÙ åáæÛïòæ åáØñÝèÙ çÛVLSI éáéÙã ñæñá éðÝïÜ .
.ðÝàïÝÛ ÝØ ðàéáÚæ òÛÝÙê êîÙä åáèááèÝêæÜ åáæäòñæä 

 
 
 

 ÜèñÜ çòèáá Øä 
 

 òÝãðêæ äñ ßÝòáèÝ çÝèãò ,ÜèÙæÙ åáæÛïòæ åáØñÝèÙ çÛ  éðÝïÜVLSI éáéÙã ñæñá éðÝïÜ .
.ðÝàïÝÛ ÝØ ðàéáÚæ òÛÝÙê êîÙä åáèááèÝêæÜ åáæäòñæä 

 
 

 
2'Ü 
)2 (òÝÛÝïè 

 åááÙáàðàáØ ßÝèêì áæòáðÝÚäØÝ ëðÚ áÛÝï  15:151 
 

 

ÜèñÜ çòèáá Øä 
 

êÝîïæòÝ ;åÛï 
046733 ú ,ÝØ ÜáîæðÝìèáØÜ òðÝò 
048934- òÛÛÝïæ òðÝñïò 

;ÜæÝÛ êÝîïæ 
048703-  ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝè1Ü"éñòÝ Û"éñòÙ çòáèñ , 

 
 áÛÝï ðÝØáò .éðÝïÜ ÜèÙæ òðáïéÝ òÛÛÝïæ òðÝñïòÙ Üðîï ÜæÛïÜ-  ÚÝéæ ëðÚLDPC   ÝúRA ÜÞáäèØ .

 áÛÝï äñLDPC  áÙ äñ ÜÞáäèØ .áðØèáÙ Üïáßæ íÝðêÙ áÛÝï äñ ßÝèêìÜÝ ÛÝÛáïÜ òÝáãÝÙáé äÝæ åáêÝî

2  'Ü 
)2 (òÝÛÝïè 

  åáæÛïòæ åáØñÝèÙ. VLSI  3  
 

15:148 
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LDPC  áÛÝïÝRA )  òÝêÛÝÜ òðÙêÜ ÚÝéæ åááÙáàðàáØ ßÝèêì áæòáðÝÚäØ .Üïáßæ íÝðêÙmessage - 

passing  åòáðÝÚäØÝ (sum-product áÛÝï äñ ÜÞáäèØ .LDPC  áðéßÝ åááðàæáé ,åááðØèáÙ åáîÝðêÙ
 òÝØÝÝñæ ßÝòáì àðìÙÝ , çÝðãáÞDensity evolution åòáðÝÚäØ .BCJR  ÚÝéæ  áÙáàðàáØ ßÝèêìÝMAP 

 òÝæÝïê .ÝÙðÝà áÛÝï äñEXIT  .áÙáàðàáØ ßÝèêì åòáðÝÚäØ äñ òÝéèãòÜÜ Ùîï òèáßÙäFactor graphs  
 .òáòðìé òðÝñïòÙ åááÙáàðàáØ ßÝèêì áæòáðÝÚäØ ßÝòáìä åÜáñÝæáñÝ 

 
òÝðÝïæ: 

 
  Richardson, T. , Urbanke, R. Modern Coding Theory. Cambridge Press, 2008. s.n. 2294293 

 

2'Ü 
)2 (òÝÛÝïè 

 òÝáÚÝäÝáÙ òÝáÙîê òÝòñð  òÝáÙÝñáß -êÛáæ ÛÝÙáê ;
ÜÛáæäÝ 

15:152 
 

;éðÝïÙ ëäßÝÜ 046041- .ÜÛáæäÝ êÛáæ ÛÝÙáê :òÝáÚÝäÝáÙ òÝáÙîê òÝòñð 
 

2'Ü 
)2 (òÝÛÝïè 

 /æçááàñèðÝØ åáæÛïòæ åááèÝàÝì åáäÚêæ 
 
15:153 

 
 
 

 ;åÛï òÝêÝîïæ 
044148 ú òÝÚäÝìæ òÝãðêæÝ åáäÚ 
044339 ú ÜïáàìÝØÝðàïäØ 

;ÜæÝÛ êÝîïæ 
048848- ÜïáàìÝØÝðàïäØÙ åáæÛïòæ åáØñÝè"1Û"éñòÝ Ù"éñòÙ çòáèñ " 

 
 åáñæÝææÜ åááèÝàÝì åáäÚêæ äñ çÝèãòÝ ÜèÙÜä åááàæòæ åáäãÝ áäïáéáìÜ éáéÙÜ çòáè ÜÞ éðÝïÙ

 åÜáæÝñááÝ åááàìÝØÜ åáÙÙñÜ åÝßò äñ Üðáïé ðßØä .åááàìÝØ åáÙÙñãú áäÚä áäïáéáìÜ éáéÙÜ ßèÝá-
 åááàìÝØ åáäÚ òãäÝÜä åáèÙæ äñ åáèìÝØÜ ÝßòÝèá .åááàìÝØ ßàñú ÙÝ åáÙãðÝæ åáãÝÝòÙ ÛßÝáæÙ äê ñÚÛ

 ðòÝáÙ åáèàï åáèÙæú  åááàìÝØÜ åáÙÙñÜ äñ åááéáéÙÜ åáàèæäØÜ ÝßòÝèáÝ ÝàðÝìá .åááèÝàÝì Ýèè åáèÙæ
 çÝèáéä åáàèæäØ ,äÚ áãáäÝæÙ åáÙäÝñæÜ åááðÝÞßæ åáèÙæ ,åááàìÝØ åáÚòæ ,åááàìÝØ åáÛæîæ çÝÚã

 ÜïáèÝæéäìä ïðì ñÛïÝá çã .áèÝàÝì ÙÝòáèÝ- .åááòãòæ Ýèè åáèÙæÙ ðÝØ òãäÝÜ 
 

;òÝðÝïæ 
1.  Marcuse, D. H. Theory of Dielectric Optical Waveguides. Academic Press, 1991.    

        s.n. 2115561. 

2.  Kapany, N.S., Burke, J.J. Optical Waveguides. Academic Press, 1972. s.n. 2016310. 

3.  

 
15:154 

  
 êÛáæ òéáßÛòáäéðÙáèÝØ 

 
 2'Ü 

)2 (òÝÛÝïè 

 ÜèñÜ çòèáá Øä 
 

;åÛï òÝêÝîïæ 
048733 ú ÜáîæðÝìèáØÜ òðÝò 

;ÜæÝÛ êÝîïæ 
048942-  ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝè"3Ü"éñòÙ çòáè ðñØ " 

 
  Üèòñæ âðÝØä êÝÙï âðÝØæ Üèáìî òÝïáèãà ,òÝÝáê Øää ÜèáìîÙ òÝáéáéÙ òÝØîÝòÝ ÛÝéá áÚñÝæ äê ÜðÞß

)V-F) êÝÙï âðÝØä Üèòñæ âðÝØæÝ (F-V ,çÝðãÞ áäêÙ ÜáîæðÝìèáØ òÝðÝïæä åááòÝðÙòéÜ åáäÛÝæ ,(
äìæä åòáðÝÚäØ ,åááòÝðÙòéÜ òÝðÝïæ äñ òÝïäßæä òáäéðÙáèÝØ Üèáìî-  Üèáìî äñ åáæÝñáá ,ÝáÞ

.òÝèÝñ òÝáêÙä òáäéðÙáèÝØ 
 

;òÝðÝïæ 
1. Gallager, R. G. "Information Theory and Reliable Communication". New York:  
    Wiley, 1968. s.n. 222990. 
2. Blahut, R.E. "Principles and Prctice of Information Theory". Reading, Mass:  

   Addison- Wesley, 1987. s.n. 2041514. 

3. Jelinek, F. "Probabilistic Information Theory: Discrete and Memoryless Models".  
      New York: McGraw- Hill, 1968. s.n. 2013124.   
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4. Cover, T.M., Thomas, J.A. "Elements of Information Theory". New York: Wiley- 
    Interscience, 1991. s.n. 2114535.     

.5. Papers from the current literature 

 
 
 

15:155 
 

åáòÝÝáê åê êÛáæ òéáßÛ 
 

 2'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

;åÛï òÝêÝîïæ 
048733 ú ÜáîæðÝìèáØÜ òðÝò 

;ÜæÝÛ êÝîïæ 
048942-  ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝè"3Ý"éñòÙ çòáè ðñØ " 

 
 

ÜáîæðÝìèáØÜ òðÝòÙ òÝáéáéÙ òÝØîÝòÝ ÛÝéá áÚñÝæ äê Üðîï ÜðÞß;  òáîïèÝì äñ òÝáéáéÙ òÝèÝãò
Ùîï- Ùîï òáîïèÝìä åááìÝäß åáÚÝîá ,òÝÝê-  åòáðÝÚäØ ,òÝÝêArimoto-BlahutÙîï òáîïèÝì .-  òÝÝê

áéÝØÚÜ ðÝïæÜ :çÝðãÞ åê òÝðÝïæä; Ùîï òáîïèÝì äê åáæéß- òÝÝê;  òêìñÜ ,òáðÝàïÝ ÜáîÞáàèÝÝï
 ,êÛáæ òéáßÛä åááòÙáé åáÛÛÝïæ ,åáòÝÝê åê ÜéáßÛÙ ÜØáÚñ áãáðêæ ,áÙáéðÚÝðì ÛÝÛáï ,Ûî êÛáæ

.ÜÜÝÙÚ ÜáîÝäÝÞðÙ ÛÝÛáï òÝïáèãà 
 
 

;òÝðÝïæ 
 

1. Berger, T. Rate Distortion Theory: A Mathemtical Basis for Data Compression. 

    Englewood Cliffs, 1971 s.n. 67804. 
2. Cover, T.M., Thomas, J.A. Elements of Information Theory. Wiley- Interscience,  

      1991. s.n. 2114535.   

3. Gray, R.M. Source Coding Theory. Kluwer, 1990. s.n. 2084187. 

4. Papers from the current literature. 
 

 

15:156  òÝðÝàïàáãðØåáÙòè   2 'Ü 
)2 (òÝÛÝïè 

/ÜèñÜ çòèáá Øä 
 

åÛï òÝêÝîïæ; 
046335-  ÜîðæÜ ðÝñáØ ÝØ ,åáÙñßæ òÝòñð çãò 

;ÜæÝÛ êÝîïæ  
048866-  åáÙñßæ çáÙ òðÝñïò òÝòñðÙ åáØñÝè"2Ý"éñòÝ Ü"éñòÙ çòáèñ  " 

 
 

 ,àäì áðÝò äñ åáØñÝè ÝéÝãá àðìÙ .åáÙòèÝ òÝèæ áÚòæ äñ åÝñááÙÝ ÜáðÝØòÙ ïÝéêá éðÝïÜ 
ÝÛ åáìðÚÙ ÚÝÝáÞ , çÝæÞò ,ðÝòÜ ñØð òæáéß ,àäï áðÝò .òÝèÚÝÜÝ ÜÛÝÙê ðÝæáñ-   òÝðÝàïàáãðØ ,åááÛÛî

CIOQëÝÜïðáÙ ïÝðáì ,ÙÝèÝìØáä òÝáîïèÝì òÝêîæØÙ òÝÙáîá òßãÝÜ ,- çÝÝ- åê åáÙòè ,òÝáäáÙïæ .çæáÝè
     .åáéæÝê çÝáÝñ 

 
;òÝðÝïæ 

 
.òìàÝñÜ òáêÝîïæÜ òÝðìéÜ âÝòæ 

 
 

15:158 
 

òáðäÝïäÝæ ÜïáèÝðàïäØä ØÝÙæ   2 'Ü 
)2 (òÝÛÝïè 

ÝÞ ÜèñÙ çòèáá Øä 
 

;åÛï êÝîïæ 
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046241- ,ÝØ òáàèÝÝï Üïáèãæ 
114203- .òáàèÝÝï Üïáèãæ 

;ÜæÝÛ êÝîïæ 
048908-  ÜïáèÝðàïäØÝðïáæÙ åáæÛïòæ åáØñÝè"2Þ"éñòÙ çòáèñ " 

 
 ÜäÝïäÝæ âðÛ òáäæñß ÜãäÝÜ ,áïàÝñ åÝéßæ ,ðØÝØÛèä òðÝò ,òáðäÝïäÝæ ÜïáèÝðàïäØä åáñÝæáñ

ÝðàïäØ òÝãðêæ ,ÙæÝäÝï åÝéßæÝ òÝáàèÝÝï òÝÛÝïè ,òÛÛÝÙ- òÝáðÝèáî ,òáðàæÝèè ÜäïéÙ òÝáèØãæ
 çæßìú .åáñÝæáñÝ ,òÝáèØãæÝ òÝáäæñß ,òÝáàìÝØ òÝèÝãò 
 

 ;òÝðÝïæ 
 

1. Datta,S.  Electronic Transport in Mesoscopic Systems. Cambridge Univ. Press, 1995. s.n. 

2199290. 

2. Sze, Simon M., Ng, Kwok K. Physics of Semiconductor Devices. 3rd ed. Wiley, 2007.  

      s.n. 2284483 ï 3rd ed., 2007 

      s.n. 205744 ï 2nd ed., 1981 

3. Cleland, A. N. Foundations of Nanomechanics: From Solid-State Theory to Device 

Applications. Springer, 2003. s.n. 2248635 

4. Saito, R. Physical Properties of Carbon Nanotubes. Imperial College Press, 1998.  
      s.n. 2199390 
 
 
 
 
 
 

15:15: 
 

Ý äÝÛáæ òÝñáÚ òÝàáñ òÝáÙÝñáß  òðÝòÙ
 åáäÚÜ 

 

 2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
 

;ëéÝè áÝãáÞ Øää êÝîïæ 

048824-  åáäÚÜ òðÝòÙ òÝáàáäèØ òÝàáñ2 

 
ÝáäðÚàèáØ òÝØÝñæ òÝêîæØÙ òÝáêÙ ßÝéáè  .åáäÚÜ òðÝòÙ åááéáéÙ åáàìñæÝ ÛÝéá áÚñÝæ äê ÜðÞßò ,

 åáìÝÚæ ðÝÞáì   .åááÙáàèðàäØ åáßÝéáè òðÞêÙ ÝòßàÙÜÝ çÝðòìÜ òÝÛáßá áàÙáÜ .ðÛòÜÝ çæÞÜ ðÝñáæÙ

ØäÝ åáèÚÝæÝÜ ,åááðàïäØáÛ åáìÝÚæ ðÝÞáì  .åäñÝæ âáäÝææ åááÝñêÜ åáßÝòìÝ åáðÝÚé- ðÙêæ  .åáèÚÝæÝÜ

òÝàñìòÜ áèìÝØ ßÝòáè  .åááèÝàÝì åáÚáðéÝ åááðÝÞßæ åáèÙææ ðÝÞáì  .åáßòìæ âðÛ  åáäÚ áäáÙÝæÙ

 çÝðòìÜ òÝÙáîáÝ òÝéèãòÜ .åááÙáàïáìÜ òÝðÝïæÜ òàáñ .åáàèæÝæÜ òàáñ  .åááðàïäØáÛÝ åááòãòæ

 .òÝáèÝáîØáðØÝ ÙÝðáï òÝàáñ  .ÜáîÙðÝàðì òÝàáñ  .òÝèÝðòì òîØÜä òÝñáÚÝ òÝáãÝÙáé áàÙáÜ .áðæÝèÜ 

 
;òÝðÝïæ 

1. Harrington, R. F. Field Computation by Moment Methods. Macmillan, 1968.  

      s.n. 2029506 

2. Computer Techniques for Electromagnetic. Mittra, R.et al Pergamon, 1973. s.n. 2018282. 

3. Peterson, A.F., Roy, S.L., Mittra, R.  Computational Methods for Electromagnetic. IEEE Press, 

1998. s.n. 2189081. 
 

 
15:161  åáØñÝè ÜïáèÝðàïäØ ÝèèÙ åáæÛïòæ2 

 
çÝäá /ê 2 'Ü 

)2 (òÝÛÝïè 

 
Ø#ìñòÙ éðÝïÜ ØñÝèåááèÝðàïäØ åáèïòÜÙ ÜáÚðèØ ðÝÞáì : 
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åÛï òÝêÝîïæ;  ( æ"äæ áèïòÜ òÝÛÝéá044125 (. 
 

;òáðÙêÙ éÝÙäáé 
åáãáäÜòÜ òØ çáÙè éðÝïÙ .ðÝñêæ Üäêæä åÝß òÝèìä åòäÝãá á"ê åáäÙÚÝæ åáÛÙêæ áêÝîáÙ 

 åááäïáÞáìÜçÝðãÞÜ Øò ÝØ ðÝàéáÞèðàÜ( çïòÜÜ äê ñÚÛÙ ,òÝææßòÜÜ éáéÙÙ åáÛæÝêÜ ðÝïæã) 
åÝéßæ òÙáÙéÙÝ ,áàéáäÙ ,áÙáÞÝìáÛ :åáèÝñ åáÙîæÙ ïìéÜ ðÝÞáì áèÝèÚèæ äê Ûæäè .åÝßÜ 

 äØáîèàÝì)åáêÚæ(åáèïòÜ ßòèè .åáêÚæÝ åááèáÙ áßàñæ ,ßàñ áèì ,ðÝêÞæÜ òêìñÜ òØ çáÙè . 
áèïòÜÝ åááÙáàïØ ,åááÙáéØìÜðÝàðìæà òÛáÛæ òÝïáèãà ðÝïéè .òáæðò ÜáîÙáàïØ åê å 

.ÜáÚðèØÙ ÝòÝäáêáÝ çïòÜÜ áêÝîáÙ äê òÝãäñÜÝ åáèïòÜÙ 
 
 

òÝðÝïæ : éðÝïÜ ééÙòá äê åáðìé åáðæØæÝ, ØæÚÝÛä: 

1. G. Chen, ñNanoscale energy transport and conversion: a parallel treatment of electrons, 

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

2. E. Pop, ñEnergy Dissipation and Transport in Nanoscale Devices,ò Nano Research 3, 147, 

2010. 

3. G. Wachutka, ñRigorous thermodynamic treatment of heat generation and conduction in 

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

4. U. Lindefelt, ñHeat Generation in Semiconductor Devices,ò J. Appl. Phys. 75, 942 (1994) 

5. R. Lake, S. Datta, ñEnergy balance and heat exchange in mesoscopic systems,ò Phys. Rev. 

B 46, 4757 (1992) 

 
òÝØîÝò ÜÛáæä: 

åê òæäñÜ éðÝïÜ ÜßäîÜÙ: 
1 .åáàèÛÝàéÜ ÝèáÙá òØ òÝÙáñß åÝæáßÜ ðÝÞáìÝ ïìéÜ åáèïòÜÙ ÛîáãÝ åÜ åáØÙ áÛáä áÝàáÙ áêÝîáÙÙ    
     çïòÜÜ. 
2 .åáàèÛÝàéÜ Ýðáãá ÝäãÝáÝ çáßÙÜä çáÙ áèÝèÚèæ ðÝÞáì åÝß åáèÝñ åáèïòÜÙ. 
3 .åáàèÛÝàéÜ ÝêÛá Ûîáã òñÚä çÝðòìä ÜáêÙ ÜðÝñïÜ åÝßÙ ÛîáãÝ ðñïä çáÙ òÝèÝãò 

    ðæÝßÜ çïòÜÜÝ çáÙä ðÝÞáì ïìéÜ, åáêÝîáÙ, òÝææßòÜ òÝäáêáÝ ÜáÚðèØÙ åáèïòÜÙ åáèÝñ 

)    åáðÝàéáÞèðà áèïòÜÝ çÝðãÞ òæÚÝÛ åáðÝàéáðææ(. 

4. åáàèÛÝàéÜ ÝáÜá åáäÚÝéæ êîÙä ÜÞáäèØ òáæðò äñ çïòÜ, ääÝã òááèÙ äÛÝæ áæðò áéáéÙ. 

 
;çÝáîÜ ÙãðÜ 

60% ÜòáãÙ ðæØæ òÚîÜ 
40% òáÙ áäáÚðò 
 

åñ éðÝïÜ òáäÚèØÙissipation in Electronic Devices   : : Energy D 

English syllabus: 

We will study the underlying physics of heating in electronics, with emphasis on the device 

(the heat source). Power dissipation mechanisms will be classified 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 implications 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 dissipation, performance, and 

energy efficiency. 

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

development of a basic thermal model.  

 

15:162 òÙñßÝææ ÜïáìðÚÙ åáæÛïòæ åáØñÝè 
 

 2  'Ü 
)2 (òÝÛÝïè 

 çòèáá ØäÜèñÜ 
 

áèÝáðèáæé éðÝï òÙñßÝææÜ ÜïáìðÚÜ åÝßòÙ åáæÛïòæ åáØñÝèÙ ïÝéêáñ 
 

15:163 ÝàìÝØ.òáàèØÝÝï ÜïáèÝðàïäØ  
 

 2  ,'Ü1'ò 
)3 (òÝÛÝïè 

 
;éðÝïÙ ëäßÝÜ 

046052 -  ÝàìÝØ-.òáàèØÝÝï ÜïáèÝðàïäØ 
 

15:164 
 

òáÙÝñáß ÜÛáæäÙ ÜÛÙêæ 
 

ßàñÜ áðÝæ 
 

4'æ 
)2 (òÝÛÝïè 

 
;åÛï òÝêÝîïæ 

046195- òÝÛæÝä òÝãðêæ 
 

 ÜáæÝñáÝ òáÙÝñáß ÜÛáæää ÜïáÞ áäêÙ åáàïááÝðì âÝðêä åáñïÙæÜ åáàèÛÝàéä òÛêÝáæ ÜÛÙêæÜ
 åáàïááÝðìÜ .òïÞÝßæ ÜÛáæäÝ òÝèÝæòÝ ÝáÛÝØ çÝÚã åáæÝßòÙ áÝÜáÞ ,òáêÙà Üìñ ÛÝÙáê ,çÝÚã åáæÝßòÙ
ïßæ ØñÝè ñÝÙáÚÙ çÝñØð Ùäñ òÝÝÜä ÜáÝñê ÜÛÙêæÙ àïááÝðì òãáðê .ðáãÙ äÚé ðÙß òãðÛÜÙ Ýãðêá ð

.ÜÛáæäÜ åÝßòÙ 
 

 åÝßòÙ äÚé ðÙßä Ýèì ØèØ 
 

;òÝðÝïæ 
3. Mitchell, T.M. Machine learning. Mcgraw-hill,1997. 

4. Alpaydin, E. Introduction to machine learning. MIT Press.2004. 

5. Duda. Hart and stork, pattern classification. Wiley. 2001. 

6. Bishop, C.Pattern recognition and machine learning. Springer. 2007. 
7. Hastie. The elements of statistical learning. Springer. 2001. 
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15:165   ÜáîæðÝìèáØÜ òðÝòÝ òáàéáààé Üïáéáì  2'Ü 
)2 (òÝÛÝïè 

 
ÜèñÜ çòèáá Øä 

 
 ;åÛï òÝêÝîïæ 

 
(òáàéáààé ÜïáéáìÙ åÛÝï êïðÙ âðÝî çáØ)  ÜáîæðÝìèáØÜ òðÝò 046733 

;ÜÜÞ éðÝï 
048704  ÜáîæðÝìèáØÝ òðÝñïòÙ åáæÛïòæ åáØñÝè2 Ø"êñòÝ ê"ñò åáèñÙ çòáèñ  

 
 òÝàáñÝ åááàáäèØ åáäã ;ÜáîæðÝìèáØ áÛÛæä Üäñ ðñïÜÝ òáéáéÙ òáàéáààé Üïáéáì ;ØÝÙæ

 òáàéáààé ÜïáéáìÙ òÝáàÝàìæáéØú  òàáñ ,òÝãÝìÜ òÝðæòÜÙ ñÝæáñ ,ëãÝØÜ òÛÝïè òàáñ
òÝÙÝðæ òÝãðêæ ;òÝïáäìðÜ  òðÝñïò òÝãðêæÙ òÝáÚÝäèØ :ÜÞØì áðÙêæÝ òÝáîïØðàèáØ åê åáïáïäß

 òÛÝïèæ ÜØáÚñ áãáðêæ ;òÝÛÛÝïæ  òÝãðêæÙ ÜÞØì áðÙêæÝ òÝáØðïØÜ òÝáÚðèØÜ äÛÝæ ; òÝÛÛÝïæ
åáìéÝè åááäØèÝáîìÝØ åáØñÝè ;òáàéáààé Üïáéáì äñ òÝØð. 

 
;òÝðÝïæ 

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, Physics and Computation, draft, November 9, 2007. 
Available on-line 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 Physics, 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. Lifshitz,  Course of Theoretical Physics -- Volume 5: Statistical Physics, 

Part 1, 3rd edition, Elsevier, 1980.  

8. J. Honerkamp,  Statistical physics -- an advanced approach with applications, 2nd edition, 

Springer--Verlag, 2002.  
9. C. Kittel,  Elementary Statistical Physics, John Wiley & Sons, 1958.  

10. F. Reif,  Fundamentals of Statistical and Thermal Physics, McGraw--Hill, 1965.  

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

Publishers, 1976.  

12. M. Kardar,  Statistical Physics of Particles, Cambridge University Press, 2007.  

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

14. Papers from the current literature. 

 

 

15:166  Ýèè. ÜïáèÝàÝì 
 

äàðÙ /Ú 2 'Ü 
)2 (òÝÛÝïè 

 
éðÝïÙ ëäßÝÜ 

046055  - Ýèè-ØàæÝ ÜïáèÝàÝì-åááàìÝØ åáðæÝß 
 

15:167  ;òÙñßÝææ ÜááØðÙ åáØñÝèÜðÝî ßÝòáè 
 

äà/Ø 2  'Ü 

)2 (òÝÛÝïè 
;åáæÝÛ òÝêÝîïæ 

049051 - òÙñßÝææ ÜïáìðÚÙ åáæÛïòæ åáØñÝè. 
 

òäòÙ ÜðÝî ßÝòáè äñ åÝßòÙ åááÝÝñãê åáðæØæ Ûæäè- Ûæáæú .Üèñ äã çãÛÝêò åáðæØæÜ òæáñð 
 

 òæáñð ;åáØñÝèÜ 
 òÝæÝïê òØáîæ ,ÜðÝî òæäñÜ ,òÝðÝî áìéÝØ òèÙÜ ,åáÙÝñßÜ åáðÝÞØÜ íÝäáß ,ÜáîàèæÚé ,çÝáæÛ

.'ÝãÝ òÝèááìØæ 
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 ;òÝðÝïæ 
åáðæØæ .òÝðìéÜæ 

 

15:168 áòäÙ òÝèÝðãÞ çãò. åáÙäÝñæ åáìáÛè  2 'Ü 
2 )(òÝÛÝïè 

 çòèáá ØäÜèñÜ  
 

 ;åÛï òÝêÝîïæ 
046237 - ä ØÝÙæ åáÙäÝñæ åáäÚêæ-VLSI  

 

 çÝèãòä .ÙÝñßæÜ òáãððáÜÙ áàèèáæÝÛ Ùáãðæä òÝèÝðßØ åáèñÙ âìÝÜ åáìáÛè Øä òÝèÝðãÞ ééÝÙæ çÝéßØ
 òãðêæÜ áêÝîáÙ äê òêðãæ ÜêìñÜ ,ÜðÝàïàáãðØÜ òæðÙ çÜÝ ÛÛÝÙÜ ØòÜ òæðÙ çÜ ,ÜäØ çÝðãÞ áÙáãð

.ÜòÝäêÝ 
ÝïÜ .åáÙäÝñæ åáìáÛè áòäÙ çÝðãÞ áäÚêæ äñ çÝèãò áäÝïáñÝ òÝèÝðïêÙ çÝÛá éðÝïÜ òÝèÝãò ðÝïéá éð

 ,ëéÝèÙ .çßÝòáèÝ òÝáéáéÙÜ çááèÙÜ áèÙØ ÜèÙæ ,òÝèÝñ òÝáÚÝäÝèãàÙ åááéáéÙ çÝðãÞ áèïòÜ äñ òÝáäïáéáì
 åáêÝîáÙ ,òÝèáæØ ,çÝéßØ òÝìáìîä çãò áäÝïáñ ÝèÝÛááÝ ,ÜÙáòãÝ ÜØáðïä åáæòáðÝÚäØÝ åáäÚêæ ÝÛæäáá

Ýïáòä òÝïáèãà ,òÝæð áÙÝðæ åáØòÙ çÝÛá éðÝïÜ .ïìéÜ òãáðîÝ åááòãðêæ åáäÝïáñÝ òÝØáÚñ ç
.åááèÝàïàáãðØÝ 

 

 

 

 

;òÝðÝïæ 

o Text books: 

Á VLSI-Design of Non-Volatile Memories ; by Giovanni Campardo, Rino Micheloni and 

David Novosel ;  Publisher: Springer ; 2007 

Á Inside NAND Flash Memories ; by Rino Micheloni, Luca Crippa and Alessia Marelli ; 

Publisher: Springer ; 2010 

Á Nonvolatile Memory Design: Magnetic, Resistive, and Phase Change ; by Hai Li and 

Yiran Chen ; Publisher: CRC Press ; 2011 

Á Nonvolatile Memory Technologies with Emphasis on Flash ; Joe Brewer and Manzur 

Gill ; Publisher: Wiley-IEEE Press ; 2009 

Á Error Correction Codes for Non-Volatile Memories ; by Rino Micheloni, A. Marelli 

and R. Ravasio ; Publisher: Springer ; 2008 

Á Silicon Non-Volatile Memories: Paths of Innovation (ISTE) ; Barbara de Salvo ;  

Publisher: Wiley-ISTE ; 2009 

o Reference to articles from technical literature & conferences.  

 

15:169 
 

òÝÙãðÝæ òÝáêÙä òÙñßÝææ ÜÛáæä  2 'Ü 
)2 (òÝÛÝïè 

ÜèñÜ çòèáá Øä 
;åÛï òÝêÝîïæ 

046195-   òÝÛæÝä òÝãðêæ 

.åÝßòÙ ðßØ ØÝÙæ éðÝï ÝØ 
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 ÜáðÝØòÙ ïÝéêá éðÝïÜáæòáðÝÚäØÝå  òÝáñêæÝ òÝÙãðÝæ òÝáêÙ äñ ,òÙñßÝææ ÜÛáæäÙ ÚÝÝé çÝÚã
 áéáéÙÜ éðÝïÙ ÛæäèÜ òØ ïáæêæÝ Ùáßðæ éðÝïÜ .'ÛãÝ òÝáÝñá òÝæñ ÚÝáò ,ðÝÙáÛ áÝÜáÞ ,åáãæéæ
 ,ÜèÙæ òÝäêÙÝ òÝïäßæ òÝÙÝðæ òÝáêÙä åáæÛïòæ åáäãÙ çÝÛáÝ ,òÝàáñÜÝ òÝáêÙÜ áìÝØ òèáßÙæ

òïòêÜ-äáÙïæÙ òÝáêÙ éæ äñ ÜÛáæäÝ ÜÛáæä çãÝ ,.áÙáàïØÝ áïäß ÙÝñæ åê ÜÛáæä 

 

;åáØñÝè òæáñð 

1. Multi-class and multi-label problems. 

2. Structured prediction. 

3. Semi-supervised learning. 

4. Domain adaption, transfer learning and multi-task learning. 

5. Contextual bandits. 

6. Selective Sampling and active learning. 
;òÝðÝïæ 

 

1. Chapelle, Olivier; Schölkopf, Bernhard; Zien, Alexander (2006). Semi-supervised learning. 

Cambridge, Mass.: MIT Press.  
2. Sinno Jialin Pan, Qiang Yang: A Survey on Transfer Learning. IEEE Trans. Knowl. Data 

Eng. 22(10): 1345-1359 (2010) 

3. Gökhan BakIr, Thomas Hofmann, Bernhard Schölkopf, 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.  

15:16: åáÙñßæ òéÛèÜÙ ÜáñÝæáñÝ åáìðÚÜ òðÝò 
 

2  'Ü 

)2 (òÝÛÝïè 
ÜèñÜ çòèáá Øä 

;åÛï òÝñáðÛ 

046002 - åáæòáðÝÚäØ ßÝòáèÝ çãò 

;åáØñÝè òæáñð 

1. ;ØÝÙæ  åáìðÚ ,òÝáðÝÙáß ,ÜæáðÞ ,åáîê ,åáìðÚ äñ ÜèÙæ ,åÞáìðÝæÝÞáØ ,òÝÚîÜ3-.åááðÝÙáß 

2. ;åááðÝñáæ åáìðÚ òáêÙ ,òÝáðÝñáæ áÝÜÞ ,åáðñÚ ,ðäáÝØ òßéÝè ,òÝáäØÝÛ ,çÛðÝ'Ú áæÝïê  òêÙðØ
.åáêÙîÜ 

3. ;òáòÝðÙòéÜÜ ÜàáñÜ .åááØðïØ åáìðÚ òÝßòìòÜ ,òÝèÝñ ,òäßÝò ,åááØðïØ åáìðÚ 

4. ;åáìðÚ òêáÙî .òÝêäî òêáÙî ,òÝìæ òêáÙî ,åáæäñÝæ åáìðÚ ,áàæÝðãÜ ðìéæÜ ,åáÛÝïÛÝï òêáÙî 

5. ;òÝæØòÜ ÝÛ åáìðÚ ,òÝáäæáéïæ òÝæØòÜ-.ÜæØòÜ áæòáðÝÚäØ ,òæäñÝæ ÜæØòÜ ,åááÛÛî 

6.  åáìðÚ;åááÙáàáÞèðà  ,çÝàäáæÜ áðÝÞßæÝ áäÝäéæ ,òÝòñïÙ òÝáÙáàáÞèðà ,åáÛÝïÛïÙ òÝáÙáàáÞèðà
.ÜáîáÞÝìéèðà 

7. ;òÝîáðàæÝ åáìðÚ  .åááðàæáé åáìðÚ ,ÜÚðÛ ,åááæîê åáðÝàïÝÝ ,ñÚìæÝ òÝèãñ 
 

 :åáàðÝØáò åáäáÚðò òñÚÜ :áìÝé çÝáî ÜèÙæ10% :åÝñááÝ òÝèãò áäáÚðò .20% :òáìÝé ÜèáßÙ .70%. 

òÝðÝïæ; 

J.A. Bondy and U.S.R Murty, Graph Theory, Springer, 2008, (Graduate Text in Mathematics series). 

 

15:171  òðÝñïò òÝòñð äñ åááòãðêæ åáàÙáÜ 
 

2  'Ü 

)2 (òÝÛÝïè 
ÜèñÜ çòèáá Øä 
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;åÛï òÝêÝîïæ 
044334-òÝòñð åáÙñßæ àèðàèáØÝ 1 . 

046005- òÝòñð åáÙñßæ  àèðàèáØÝ2 . 
 

;åáæÝÛ òÝêÝîïæ 
236827 -  ðèáæéåáÙñßæ çáÙ òðÝñïò òÝòñðÙ .(ëéÝè áÝãáÞ Øää êÝîïæ ) 

 
 

éðÝïÜ áØñÝè ;áØñÝèÙ åáìàÝñ ðïßæ áØñÝè ÝèÝÛáá ÝÙ åÛïòæ éðÝïòÝòñð äñ òÝãðêæä åáðÝñïÜ å 

òðÝñïò Ýæã ,òÝòñð äñ òÝãðêæä åáðÝñïÜ åáéèãÙ åáñÛß åáðæØæÙ Ûïæòá éðÝïÜ .SIGCOMM .
 åáØñÝèÜ åáäÝïÝàÝðìÝ ,åáèñááß òÝòñð ,òÝáðäÝäé/òÝáàÝßäØ òÝòñð ,çèê òÝòñð ,êÛáæ áÞãðæ åáääÝã

Ü òÝÙãñ äñ åáæÛïòæ-Network ÜÝ-Transport. 

 
 ;òÝðÝïæ 
åáðæØæ .òáèãÛêÜ òÝðìéÜæ 

 
òÝØîÝò ÜÛáæä :(Ø) èÙÜò òÝÛÝéá ðïßæÜ òÝãðêæÙ äñ òÝòñð;  (Ù) òÝðãáÜ åê ê òÝðìéÝ ; òáèãÛ- (Ú)  
 òÝáÝèæÝáæ.òáêÛæ ÜØîðÜ   

  
 

òáäÚèØÙ éðÝïÜ åñ ;     System Aspects of Communication Networks 

Requirements:  

044334- Computer Networks and Internet 1.  
046005- Computer Networks and Internet 2.      
 

Courses without additional credit:  

236827- Seminar in Computer 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, cloud networks, wireless/cellular 

networks, sensor networks, and advanced Network/Transport layer protocols.   

Sources: State-of-the-art sources from the literature. 

Learning results: (a) Understanding of the fundamentals of networking systems research; 

(b) knowledge of state-of-the-art literature; and (c) technical presentation skills. 

 

15:172 
 

ÙÝàáï áèìî äà /ê 2'Ü 
)2 (òÝÛÝïè 

 
;åÛï êÝîïæ0Ûæî êÝîïæ 

046733 - .ÜáîæðÝìèáØÜ òðÝò 

 
 çáØ) åáñðÝìæ ,íÝðê äÝÙáï åáÚáñæ åÜ .òÝØáÚñ áèïòæ åáÛÝï äñ ÜñÛß Üßìñæ åèáÜ ÙÝàáï áèìî

âðÝî  ,íÝðê ÙÝàáï äê Ûæäè éðÝïÙ .åáäáêá ßÝèêìÝ ÜèìîÜ áæòáðÝÚäØ áäêÙÝ (ðÙî âÝòæ çìÝî ðÝßÙä
 ,òáðÝïæÜ ÙÝàáïÜ òîáðàæä òÝÙßðÜ ,åáÛÝï òááèÙ áæòáðÝÚäØ ,ÜØáÚñ áàèèÝìéïØ ,ÙïÝê äÝàáÙ ßÝèêì

.çæÞÜ ðáòÝáñ äãã åáìéÝè åáØñÝèÝ ÙÝàáï òðÞêÙ ÜéáßÛ 
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;òÝðÝïæ 

[1] E. Arikan, "Channel polarization: A method for constructing capacity-achieving codes for 

symmetric binary-input memoryless channels," IEEE Trans. Inform. Theory, vol. 55, pp. 3051-

3073, 2009. 
 

[2] E. Arikan and E. Telatar, "On the rate of channel polarization," in Proc. IEEE Int'l Symp. 

Inform. Theory (ISIT'2009), Seoul, South Korea, 2009, pp. 1493-1495. 
 

[3] E. Sasoglu, "Polarization and polar codes," in Found. and Trends in Commun. and Inform. 

Theory, vol. 8, no. 4, 2012, pp. 259-381. 
 

[4] I. Tal and A. Vardy, "How to construct polar codes," IEEE Trans. Inform. Theory, vol. 59, pp. 

6562-6582, 2013. 
 

 
 

;ÜÛáæä òÝØîÝò 
.ÙÝàáï ÛÝï ßèêìäÝ çáìîÜä ,çèãòä äãÝá àèÛÝàéÜ 

 
 

                                                                                                               :òáäÚèØÙ åñ Polar Codes 
 

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

explicit (there is no ensemble to pick a code from), and have efficient encoding and 

decoding algorithms. We will study the following topics: channel polarization, successive 

cancellation decoding, error exponents, code construction algorithms, generalizations of the 

original polarizing matrix, compression via polarization, and related subjects as time 

permits. 
 
 

Learning outcomes: 

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

 

 

 
15:173 

 
òÝæáÛ òäò ðÝÞßñÝ.áÛæáæ ðèãñ /á 

 

2 ,'Ü 
)2 (òÝÛÝïè 

 
êÝîïæòÝ åÛï åáîäæÝæ; 
046200 ú òÝèÝæò ßÝòáèÝ ÛÝÙáê ÝØ 
236873 ú òÙñßÝææ ÜááØð ÝØ 
114210 ú  ÜïáàìÝØ  ÝØÜîðæÜ åê òÝîêááòÜÙ 

 
;ÜæÝÛ êÝîïæ 

048972-  òÙñßÝææ ÜááØðÙ åáæÛïòæ åáØñÝè2- .Û"êñòÙÝ Ú"êñòÙ çòáèñ 
 

 ,òÝèáîéÝ åáæîê äñ áÛæáæ òäò áÝìáæä òÝáäïáÞáì òÝñáÚ Üéãæ éðÝïÜ ðïáêÙ òÝñáÚÜ .ðÝØ áÛá äê

 òìáïê äñ ßÝòáè ,ðÝÞáì ,òÝáàèðÜÝï ,òáèÙÝæ ÜðÝØò ,ÜÛñ ïæÝê ,òáðàæÝØÚ ÜáîäÝÚèØáðà :äê òÝééÝÙæ

 ,ÜääîÜ ,ðÝØ ,äî ,åáßòìæ äñ ÜéÛèÜ ,ÙÝàáï ,ÜáîèéÝðÝØÝäìÜðÞßÜ çæÞÜáìðÚÝæÝàÝ , . òÝñðÝì òÝèîéÜ



 110 

 Íæ ,åááìÝïéÝðïáæ :ÜÛáæ áèï .åááæÝèÝðàéØ ÛêÝ åááìÝïéÝðïØÙ ðïÝé éðÝïÜ ,ëéÝèòÝñáÚ ä ÜÚÝîò òäò

.òáÛææ 

;òÝðÝïæ 
åáðßÙè åáðæØæ 

ÜÛáæä òÝØîÝò 
åáàèÛÝàéÜ ,éðÝïÜ òÝÙïêÙ 

1.  åáæîê áïßðæ òÛáÛæä òÝáÙáàïØÝ òÝáÙáéØì òÝñáÚÝ òÝèÝðïê Ýðáãá 

2.  åááÛææ òäò òÝðÝîÝ åáêÝìáñ òÛáÛæä òÝáÙáàïØÝ òÝáÙáéØì òÝñáÚÝ òÝèÝðïê Ýðáãá 

3.  òÝñáÚÝ òÝèÝðïê Ýðáãá(ÜáìðÚÝæÝà çÝÚã) Üèáðï åáðáÙêæÜ åááßìè åáìÝÚä Üñáß 

4. òäò ÜÚÝîòä òÝäîÝèæÜ òÝáàìÝØ òÝáäñØ òðáîáä òÝñáÚÝ òÝèÝðïê Ýðáãá-òáÛææ 

5.  òÝèÝñÜ òÝñáÚÜ òÝèÝðòáÝ òÝäÙÚæ òØ ÝèáÙá 
 

Imaging and ReconstructionDimensional -Three 
The course covers physical approaches for three dimensional mapping of objects and 

scenes, mainly by light. The approaches are based on triangulation, depth of field, 

structured light, coherence, scattering, diffraction analysis, shading, shadows, polarization, 

aperture engineering, fluorescence, time of flight and tomography. The scenes span scales: 

microscopic, through macroscopic, to astronomic. In addition, the course reviews 

approaches for three-dimensional display.  
 

References: 

Selected papers 

 
learning outcomes:  

 
Following the course, the students will 

 

1) Know principles and approaches for passive and active measurements of object range. 
 

2) Know principles and approaches for passive and active measurements of object slopes 

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

 

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

 

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

15:174 
 

çÝéßØ áèïòÜÙ êÛáæ  ÝàÝéï /á 2 'Ü 
)2 (òÝÛÝïè 

 

;åÛï òÝêÝîïæ 

044268- (ÜæÝÛ éðÝï ÝØ) åáæòáðÝÚäØÝ åáèÝòè áèÙæä ØÝÙæ 

046267- åáÙñßæ ÜèÙæ- (ÜîðæÜ ðÝñáØÙ áðñìØ ðÝàì) 
;ÜæÝÛ êÝîïæ 

048864- ÙÝñßæ òÝãðêæÙ åáæÛïòæ åáØñÝè2 .Ú"êñòÝ Ù"êñò òèñÙ çòáèñ 
 

;éÝÙäáé 
1. êÛáæ çÝéßØÙ òÝáæòáðÝÚäØÝ òÝáðÝàèáÙæÝï òÝáêÙ 

Ø. ÜÙáòã/ÜØáðïÜ ñØð åÝïáæ äñ ÜáîÞáæáàìÝØÝ òÝÛÝïì áðÝò :ÜñáÚ áæòáðÝÚäØ 

Ù.  êÛáæ äñ òîäÝØæ ÜæñÜ 

http://webee.technion.ac.il/~yoav/teaching/EE048972.html
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2. òÝÙÝòã åÝÚðò òÝãðêæÙ áàáäèØ äÝìáà 

Ø.  åááðÝàèáÙæÝï åáäÛÝæ 

Ù. ÜÛáßØ Üïáßñä ÜáîÞáæáàìÝØ 

Ú. òîÙÝïæ ÜæñÜä åáìðÚ áæòáðÝÚäØ 

3. Üäáêá ÜñáÚä êÛáæ ÚÝîá 

Ø. ÜÛáßá ÜÙáòã òÝèÝðãÞ 

Ù.  òÝÙáòã ÜÙÝðæ ÛÝÛáï 

4. êÛáæ òÝèáæØ 

Ø.  òÝØáÚñ áäÛÝæ 

Ù. òÝØáÚñ çÝïáòä åáÛÝï òÝÛÝéá 

Ú.  Ûß òÝØáÚñ- òÝáèÝÝáã 

Û.  âðêæ áÛÝï 

Ü.  çÝéßØ òÝãðêæ òÝèáæØ 

5. òÝßÝòì òÝáêÙ 

Ø.  òáðÝàèáÙæÝï ÜáðÝØò 

Ù. òÝáæòáðÝÚäØ òÝáêÙ 

6.  ÜèáßÙ ÝØ åÝáé áàïáÝðì ,åáðæØæ òÚîÜ :ÛÝæáäÜ òÝæáñæú .åáæñðè ðìéæä åØòÜÙ àäßÝá 

 

 
;òÝðÝïæ 

.åáðßÙè åáïðìÝ åáðæØæ 

Memory Systems, B. Jacob, S. Ng, D. Wang, Morgan Kaufmann Publishers, 1st edition (2007) 

;ÜÛáæä òÝØîÝò 

 äñ çãò òÝðñìØæÜ òÝáàáäèØÜÝ òÝáæòáðÝÚäØÜ òÝïáèãàÜ òØ ðáãá àèÛÝàéÜ éðÝïÜ äñ ßäîÝæ åÝáéÙ

 äñ ÙÝäáñ .åáñæòñæ òÝÙÝðæ çÝéßØ òÝãðêæÝ åáìáÛè Øä òÝèÝðãÞ òÝÙðä ,åááèðÛÝæ çÝéßØ áèïòÜ

 òÝïÝæê òÝáðïßæ òÝæÝðò ðñìØæÜ ëáïæ åáäã àé ïáèêá ñÝæáæ òÝæáñæÝ åááàæòæ åáäÛÝæ

áÙáàïìØÝ.òÝ 

 

 

   ;òáäÚèØÙ éðÝïÜ åñInformation in Storage Devices  
            

          Sylibus : 
 

1. Algorithmic problems related to data access 

a. Command queues and rotational-position optimization 

b. Constrained data placement 

2. Analytical treatment of indirection systems 

a.  Combinatorial modeling of indirection systems 

b. Optimal wear leveling 

c. Data placement via graph algorithms 

3. Data representation - Coding data for optimized access 
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a. Write Once Memories 

b. Re-write codes 

4. Data reliability 

a. Errors, faults and their models 

b. Basic elements in combinatorial and algebraic coding theory 

c. Asymmetric and unidirectional errors 

d. Array codes for storage systems 

e. Reliability analysis of coded storage systems 

5. Open problems 

a. Combinatorial theory problems 

b. Algorithmic problems 

 

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

decided based on class size. 

 

Learning outcomes: 

Upon successful completion of the course, the student will know the algorithmic and 

analytical techniques that enable the design of modern storage devices, including non-

volatile memories and large-scale storage systems. A combination of mathematical 

models and implementation assignments will provide a comprehensive set of tools 

laying the foundation for deep and effective research contributions in the area of data 

storage.  

 

 

15:175 
  

òÝàáñ òÝáèÝáîØáðÝ ÛÝÙáêÙ  ÜèÝæò êÝÙäÚ /Ú 
 

2 'Ü 
)2 (òÝÛÝïè 

 
ðîÝïæ áðÙê åñ :òÝàáñ òÝáèÝáîØáðÝ 

 
;åÛï òÝñáðÛ  

  åÛï òÝêÝîïæ046200 ú ÛÝÙáê ßÝòáèÝ  òÝèÝæò 
 

 òáðÙêÙ éÝÙäáé 
òááîÞáæáèáæÙ òÝèÝðïê ÜèÝðì) òáðØèáä Øä ÜáÞÝìáÛ .ÜðÝæï ØäÝ ÜðÝæï ÜáÚðèØ- ØäÝ (ïáäØæ

 ñÝæáæä òÝáðæÝè òÝàáñ .ÜáîàèæÚéä åáÙáàïØ ðØòæ áÝï äñ ÜáîÝäÝÙØ .(àðïááÝ) òáìÝðàÝÞáØ

 .òÝáïäß òÝáäØáîèðìáÛ òÝØÝÝñæTotal variation denoising äñ ÜáîÝäÝÙØ .ÜÝÙÚ ðÛéæ åáäèÝáîïèÝì .
èØÝ åáðÝàðìÝØ .òÝêáðá åáæÝñáá .åáäØïÝä Øä òÝáÚðú  ,ÜèÝæò ÛÝÛáß ,ÜáîÝäÝÙèÝïÛ ,ñêð òÛðÝÜ

 ,ÜáîàèæÚéoptical flow.ÜáîðàéáÚð , 
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 ;òÝðÝïæ 
 

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

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

Business Media, 2006. 

2. T. Chan and J. Shen. Image processing and analysis: variational, PDE, wavelet, 

and stochastic methods. Society for Industrial and Applied Mathematics, 2005. 

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

1998. 

4. Recent research papers. 
 

 
 ;ÜÛáæä òÝØîÝò 

:àèÛÝàéÜ éðÝïÜ åÝáéÙ 
1. ñæòñÜäÝ áàòæòæ êÛáÙ ñæòñÜä äÚÝéæ ÜáÜá   .ÜðÝæï ÜáîÞáæáàìÝØ äñ åáäãÙ 

2.  .òÝáðØèáä Øä òÝáïäß òÝáäØáîðìáÛ òÝØÝÝñæ ðòÝìÜ ÛÝï òáðæÝè ñææä òäÝãá äêÙ ÜáÜá 

3. áæòáðÝÚäØ ðáãá . ÜèÝæò ÛÝÙáêÙ å 

 
 

çÝáîÜ ÙãðÜ ;50%  ,òáÙ òÛÝÙê50% .áìÝé àïáÝðì 
 

;òáäÚèØÙ éðÝïÜ åñ  Variational methods in image processing 

 
English syllabus: 

Basic principles in energy minimization methods (convex and non-convex). 

Nonlinear diffusion (Perona-Malik) and anisotropic diffusion (Weickert). Contour 

evolutions using level sets. Active-contours segmentation. Numerical 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ƴƻƴƭƛƴŜŀǊ t59ΩǎΦ ¢ƻǘŀƭ ǾŀǊƛŀǘƛƻƴ ŘŜƴƻƛǎƛƴƎΦ IƛƎƘŜǊ ƻǊŘŜǊ 

functionals. Evolution of manifolds ς Beltrami flow. Nonlocal operators and 

energies. Applications ς denoising, deconvolution, image-enhancement, 

segmentation, optical-flow, image-registration. 
 

Learning Outcomes: 

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

optimization tools. 

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

equations. 

know advanced image processing algorithms which are based on these methods 

 
 

 
2 ,'Ü1'ò 
)2.5 (òÝÛÝïè 
 

è /áïéèäÝÝ 
 

 äæñß òéÛèÜä òáèðÛÝæÜ ÜÞáäèØÜ òÝÛÝéá 
 
219435 

 
;åÛï òÝêÝîïæ 

104004 -  ÝÛß" Ø2 
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åáÚñÝæ òðÝòæ òÝîÝÙï  .òÝîÝÙïÜ òÝáàïìðì ,òÝáàïìæÝï åáÙßðæ  .òÝðáñïÝ òÝðÛé .åááðàæ åáðÝàÝ 

åáÙßðæÙ ÜæäñÜ  .åááðàæ äñ Ùßðæ òÝáàïìæÝï ,òÝìáîð  .áðàæ äðÚàèáØ .òÝðáñïÝ çæáð ï   .éàäáàé
òÛáæ äðÚàèáØ ,ÚÙä ÚÙä áàìñæÝ  àìñæ  .òÝéèãòÜ Ascoli-Arzela àìñæÝ çÝàé ï  .éØðàñðáÝ 
 

;òÝðÝïæ 
 

1. Rudin, W.: "Principles of Mathematical Analysis". 3rd ed., McGraw-Hill, 1976, 

          1986, 1989. .rec. 214679. 
2. Dieudonne, J.: "Foundations of Modern Analysis". Academic Press, 1960.  rec. 

             210664. 

 

Ùßðæ Ùßðæ .áðàæ àðÙäáÜ.  ðÝàðìÝØ ðÝàðìÝØ  .áðØèáä åáàèæäØ .ÛÝæî äñ  .òáäðàïìé ÜðÝò
áÙßðæÙ åáñÝæáñ .àðÙäáÜ. 

 
;òÝðÝïæ 

1. Vulikh, B.Z.: "Introduction to Functional Analysis for Scientists and 

          Technologists". Pergamon Press, 1963. rec. 33605. 

2. Liusternik, L. and Sobolev, V.J.: "Elements of Functional Analysisò. Gordon and 
            Breach, 1968. .rec. 213393. 

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

          209816. 

2 ,'Ü1'ò 
)2.5 (òÝÛÝïè 

Ù /ääÝé  äæñß òéÛèÜä òáäèÝáîïèÝì ÜÞáäèØ 
 

219438 


