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[1] J. L. Hennessy and D. A. Patterson, Computer Architecture: A Quantitative Approach, 6™
Edition, Morgan Kaufmann, 2017.
[2] S. G. Shiva, Advanced Computer Architectures, CRC Press, 2006.
[3] J. Silc, B. Robic, and T. Ungerer, Processor Architecture: From Dataflow to Superscalar
and Beyond, Springer, 1999.
[4] H. S. Stone, High-Performance Computer Architecture, Addison-Wesley, 1993.
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[1] Christophe Bobda, Introduction to Reconfigurable Computing: Architectures, Algorithms
and Applications, Springer, 2007.

[2] 1. Kuon, R. Tessier, FPGA Architecture: Survey and Challenges, Foundations and Trends
in Electronic Design Automation, Vol. 2, No. 2 (2007) 135-253.

[3] D. Chen, J. Cong and P. Pan, FPGA Design Automation: A Survey, Foundations and
Trends in Electronic Design Automation, Vol. 1, No. 3 (2006) 195-330.
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[1] J. Rabaey, Low Power Design Essentials, Springer, 2009.

[2] C. Piguet, Low-Power Electronics Design, CRC Press, 2004.

[3] A. Pal, Low Power VLSI Circuits and Systems, Springer, 2015.

[4] M. Keating, Low Power Methodology Manual for System-on-Chip Design, Springer, 2008.
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[1] M. V. Steen and A. S. Tanenbaum, Distributed Systems, 3" Edition, Maarten van Steen,
2018.
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Design, 5™ Edition, Pearson, 2012.
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[1] E. Dubrova, Fault-Tolerant Design, Springer, 2013.

[2] I. Koren and C. M. Krishna, Fault-Tolerant Systems, Morgan-Kaufmann Publisher, 2007.
[3] B. Parhami, Dependable Computing: A Multilevel Approach, Text parts in PDF, available
at: www.ece.ucsb.edu/~parhami/text_dep_comp.htm

[4] B. W. Johnson, Design and Analysis of Fault-Tolerant Digital Systems, Addison-Wesley,
1989.

[5] D. K. Pradhan, Fault-Tolerant Computer System Design, Prentice-Hall, 1996.
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[1] A. B. Kahng, J. Lienig, I. Markov and J. Hu, VLSI Physical Design: From Graph
Partitioning to Timing Closure, Springer, 2011.
[2] S. K. Lim, Practical Problems in VLSI Physical Design Automation, Springer, 2008.
[3] Technical papers in conferences (DAC, ICCAD, ISPD) and journals (IEEE Transactions on
CAD, ACM Transactions on design automation of electronic systems).
[4] T. Cormen, C. Leiserson and R. Rivest, and C. Stein, Introduction to Algorithms, 3rd
edition, McGraw-Hill, 2009.
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[1] R. Gastaldi and G. Campardo, In Search of the Next Memory: Inside the Circuitry from the
Oldest to the Emerging Non-Volatile Memories, Springer, 2017.
[2] Y. Xie, Emerging Memory Technologies: Design, Architecture, and Applications, Springer,
2014.
[3] Micheloni, A. Marelli, K. Eshghi, Inside Solid State Drives (SSDs), Springer, 2012.

[4] H. Liand Y. Chen, Nonvolatile Memory Design: Magnetic, Resistive, and Phase Change,
CRC Press, 2011.
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[1] S. H. Hall, G. W. Hall and J. A. McCall, High-speed digital design: a handbook of
interconnect theory and design practices, John Wiley & Sons, 2000.
[2] H.W. Johnson and M. Graham, High-speed Digital Design, PTR Prentice-Hall, New
Jersey, 1993.
[3] Taur and Ning, Fundamentals of Modern VLSI Devices, Cambridge Univ. Press, 2nd
edition, 2009.
[4] J. M. Rabaey, A. Chandrakasan and B. Nikolic, Digital Integratd Circuits: A Design
Perspective, 2nd Edition, Prentice Hall, 2003.
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[1] M. Nielsen and I. Chuang, Quantum Computation and Quantum Information: 10th
Anniversary Edition, Cambridge University Press, 2010.
[2] N. Mermin, Quantum Computer Science: An Introduction, Cambridge University Press,
2007.




OA / ;wwww(gﬁésﬁ)‘wm)U)Mow

(CE5434) A ‘sl.ﬁo..\.i)'b).; d)l.o.v.o :@»)lé a wyo (_,‘9.2.:
9>lg 9 y0 £ : 4 90 plyre
Network Processor Architecture _
1 eSS
WL 0wt g (w99
O tec O sobe! oaass Hldpd 99,0
m T :;Ln-’»’-';' e v 1oy oluss
O aobyybl / dlw, FA RPN e

S Sun
d57se sl sl el il gy 5 4SS Glaoaisly iluosly 5 (b (Sls g Jpal b (plisl Goyo ool 5l Bae
S 90 aSd slaonisle b )l oo slo Il cpmimman sl 0555l jo sigh s sl g (39,0l Al slaoasle o

Sled oo (85970 15 )0 Gl e ey (nl 5o )9iS Glajls A azgi b aS 958 oo 18 () 5 S

b fad o b ol

A gleoassls y slis O

d..iwodu)‘o).:s_i:uob LQLDL;)Jssc\iM»).@L& O
oSl 2 sy900 —
A slmoaislo b sl bls,l o
s (A5l
dins gaisaiwd § Judod g asjd ( ilopy O
o o3l resls laislu g laeiy 6l O
S 0310 0 G 555 2 SSSan HlRle s -

ol Al SG 5y p A (B3l silwesky O
Slri g saates

Gatns ()l Bleden 9 5,138l 5 sjlwosky O
(Switching Fabric) _LLs,l cél —

Potie O

ral.io.(b[.: 9 ﬁlio& O

@i s lexs O




M/ ﬁwU@vw(‘sﬁésa&)‘wm)U)Mow

Al gleoassls ool —
pso i sylone O
po Jod olere O
agi godijlo, O
NP ool 5 5455 cumsy s NP slazsl NP gLl g loas;e NP a5 ©
b oaijloy slag lore —
Solexs £655 O
oad&8 9 Sl Srlere O
s lons )3 goite sla Sy O
Al odijlo o alhdl>  —
il allds ©
wb sl ©
abhdl> elgsl ©
& slaodslop (B —
.. EZchip .Cognigine AMCC .Alchemy Agere s, ©o
b s asdlas —
o sk o 48,58 50 glaazdlas glgl Jols O
Jol asis onislo g leme —
ol ilflesis a5y 5 IXA s )leas 0O
EZchip aes oasjlop s )lore —

153l Zalo G 0
[1] D. E. Comer, Network Systems Design Using Network Processors, Prentice Hall, 2005.
[2] R. Giladi, Network Processors: Architecture, Programming, Implementation, Morgan
Kaufman Publishers, 2008.
[3] P. C. Lekkas, Network Processors Architectures, Protocols, and Platforms, McGraw-Hill,
2003.




o | Fomols cwiigo (5559 g iy (wilish y15) (oSS Wi

(CEB435) Jlozms JUSmw sboonijlo y gslono | 1oyl &y (oo oylgie
9>y g )0 €99 Digital Signal Processor « 090 plaee
Architecture g S
C_RER 0wt e (0959
O tec O sobe! oaass Hldpd 99,0
m T :;Ln-’»’-';' e v 1oy oluss
O aobyybl / dl, FA RPN e
S Sun

SRSy ol e Sllaxde b Jlzms (3185 sbapia (b ae slaghs) o085 trbe o) (nl Soe
050> Gl (2 (& leaings oodosls Slasie b o pu 250> b G ran JBlas b slypiva >lb o6l o 21
9 a0k el o8] )S anys @M (pl b i (>lhb g (39,5 033155 595 alore (B3l s SO g0 9

b fad o b ol

dodlo —

O3y pete gt O
Shael Slaled (Byre 9 590 O
Jlezms 53105 By me slapn 651 O
G 4,98 oo g Jluses o pild sass sl )bzl —
JUzs Glapiace ;8 255 5 80 ol Job Zysgazms p3b —
()Pl 9 5 l38le 5) Jlosus o pld gilvaigys 5 Sl —
03051 093 aali g 3l oy slagl; b Jae axwg 5 ilednds (b —
Ol9 B pas i purColuwe axdlas b (g5lwosly )0 mbe Lamass g 51,80 —
agad slo Ui ol joray Lilo n sla g lone i —
TePeo 5 y3bd sree g Coll e Gl )0 cungiaelyy Ollamde (Jlizms sloosijls n slas lons j90  —

fO Lt @il Cow d
[1] D. Markovic and R. W. Brodersen, DSP Architecture Design Essentials, Springer, 2012.
[2] U. Meyer-Bese, Digital Signal Processing with Field Programmable Gate Arrays, 3rd
Edition, Springer-Verlag, 2007.




P\ [ guols qukigo (5559 g i 3! (i )15) (o & Wi

[3] G. A. Constrantinides, P. Y. K. Chueng and W. Luk, Syntehsis and Optimization of DSP
Algorithms, Dordrecht: Kluwer Academic Publishers, 2004.

[4] B. Parhami, Computer Arithmetic: Algorithms and Hardware Designs, Oxford University
Press, 2nd Edition, 2010.




PY /| Somols cwitign (555 g i of (wilids )15) (oSS S5Mcans

(CE5436) G5 el Gl :@»)lé & o olene
9>l9 9 0 €9 : . @ 0 lere
Computer Arithmetic . ,:’
R Y Bl 090
0 los O )bl paazi Sl (9,0
O oc— g :ﬂf;ﬁ Y a1y olows
O aobyybl / dlw, FA RPN e

S Sun

Ollos Jols 8)lge ol 05l oo b yigelS jo Clus Sllas plxil gl Sl e ;65 ols pavlin 4 wys )
S35 o )W Sl (195 (6 S i ) Jie oauzmy Sldas «jglids Juo g Coll o ol § 30 (30,85 c@ozr Jio Clu a0l
B snp 9 42 Syae 0 50 i odd e Slapi sl (o)l it slagsiluosly g oo (Sllte Sliles

=

N s

b ad b colw
e o5 5 scadle g L slie] (Gl —
&oz Jos O
wrd Jes O
e Jos O
Halds s Slael guled O

e &l e —
SS9 ¥ O
o_,L.LA @\93 e)

FPe 5 o, g ol g O

‘51"9"""‘[5 e I ad L cole —

fO bt @il Cow d
[1] M. D. Ercegovac and T. Lang, Digital Arithmetic, Morgan Kaufmann Publisher, 2004.
[2] R. P. Brent and P. Zimmermann, Modern Computer Arithmetic, Cambridge Monographs
on Applied and Computational Mathematics, 2012.
[3] M. Lu, Arithmetic and Logic in Computer Systems, John Wiley & Sons, 2004.
[4] J. Deschamps, G. J. A. Bioul and G. D. Sutter, Synthesis of Arithmetic Circuits FPGA,
ASIC, and Embedded Systems, John Wiley & Sons, 2006.
[5] J. Cavanagh, Computer Arithmetic and Verilog HDL fundamentals, CRC Press, 2010.




PY [ Samols qukign (5559 g o 5 (ol y15) (uoSS OMai

(CESA37) abl i (595 spmimmms | t(om)l 4 (30 ylgie
9>lg g )0 €9 . 4 0 ol
System on Chip . /:’
C_RER Ot e (0959
O tec O sobe! oaass Hldpd 99,0
m T :;Ln-’»’-';' e v 1oy oluss
O aobipbl / Al FA el Sloss

S Sun

Lol oglis 5wy wlizs pol o a3l ) Glapius >k Gty 5 ool b (bl (s onl Lol Soa
Oledez (b g, g 0gb oo Ldl abl S (g9, pimms Sy calisie (1521 b gomiils (o) cnl 5o el laodijlo >k
5 s gl (b b e e colie (izeen 0,8 o 13 1) 4l (55) Glaptans (305l 5 by s (L)

Syisn e YU b jiis b Loy el (pizned g 5138l i Il ol (> b

b fad o b ol

dodlo —

S0l 415 (59, St (g)lone O
b >z 5 b sl ©
Gyme oSl oSl O
ably 53y Gpts G)loxe —
ally 59, bli)loke Gloasids g lexe O
Gloassls pass 4l 5 (69, lapiausw O
il 59y Glpimes (b (K, —
o gl ()b O
hb sl)lpl (B O
Xilinx HLS L SystemC Jls olgie a) piaamw >k slosl; 5l (o e O
ol bl e (b b5 b (et s (g5loJae O
S8l 58l e PT93 b =
Sl RlES @ g S5 p0 0 samgle) 18l O
Pl I Rles basly (b O
b o o —
dollas sbonl calie STil (sunile) clis arass O
FPGA |y wigas )b (sjluoaly 5 )l38lp im Il ol (sjluanns —
Sl g (>ib s e slalnl s ZYNQ ably (Byme O

Al 59y slapiasw (305




¥ / ;waw(gﬁésﬁ)‘wm)U)Mow

1 g9 lipuiuny @alie Cow yod
[1] G. De Micheli, R. Ernst, and W. Wolf, eds., Readings in Hardware/Software Co-Design,
Morgan Kaufmann, 2001.

[2] A. Jerraya and W. Wolf, eds., Multiprocessor Systems-on-Chips, Morgan Kaufmann, 2004.
[3] L-T Wang, C. E. Stroud and N. A. Touba, System-on-Chip Test Architectures: Nanometer
Design for Testability, Morgan Kaufmann, 2008.

[4] G. De Micheli, Synthesis and Optimization of Digital Circuits, McGraw-Hill Higher
Education, 1994.

[5] S. Liao, G. Martin and S. Swan, System Design with SystemC, T. Groetker, Kluwer
Academic Publishers, 2002.

[6] P. Schaumont, A Practical Introduction to Hardware/Software Codesign, Springer, 2013.




70 / ;wwww(gﬁésﬁ)‘wm)U)Mow

(CED438) o515 (53lwo usd (sl piomamw | 1oyl & (o oylgne
9>lg g )0 €9 4 0 ol
Data Storage Systems _ ©
1 eSS
C_RER Ot e (0959
O tec O sobe! oaass Hldpd 99,0
m T :;Ln-’»’-';' o v 1oy oluss
O aobyybl / dlw, FA RPN e

S Sun

.3)9.4154 l) laodls QS’L’)L’ 9 cdasloes “5...:)......:.) ng)LM:o)..}O (509.7.: 9 ‘5)"5(59 ‘)3 ‘) alasl> 9y ‘U‘“’“‘"’

b fad o b ol
o3ld (g3lwo yud Gl p laonas —
osls udgi &g, O

975 e s n 9 Sibwo S St S50 O
03l (g3lwo yud (G piniw 25 g o5 s lae —
Olebliebil 5 (6 pdy o fiws (s iy Bllasil g 6 pdyaswgs il sbyy O
03ld (63lwo yu>d s S Sl —
Oy 9 4B iy Slapiesw ;O
Ot ol 25 (6 jloxe
bSus dols olbls |y o> ©
ol &5 5 o5 byl s RAID (5)lene 0
Sed i 25 5 (57956995 4>y LSl —
o3ld (g3lwo >3 Glapiw o ol aladl> —
o pe sbaat sl 5 (g,5L8 Glsls O
La:QT).; ade g o e (6 i o Kol g ol ble —
ools 3l 5 Srrles csilu e cs S eligly, O
LSk golbdes Sss —
NOR , NAND . e claslane O
& oy Sy pde O
e Job Gl g Sal, —




ry / ;waw(gﬁésﬁ)‘wm)U)Mow

[1] R. Micheloni, A. Marelli and K. Eshghi, Inside Solid State Drives (SSDs), Springer, 2013.
[2] L. Freeman and M. Hope, Evolution of the Storage Brain: A history of transformative
events, with a glimpse into the future of data storage, CreateSpace Independent Publishing
Platform, 2010.

[3] U. Troppens, W. Muller-Friedt, R. Wolafka and N. Haustein, Storage Networks Explained
Basics and Application of Fibre Channel SAN, NAS, iSCSI, InfiniBand and FCoE, Second
Edition, J. Wiley & Sons Inc, 2009.

[4] Storage Basics - An introduction to the fundamentals of storage technology, Fujitsu
Siemens Computers, 2009.




PY | Fomals qukign (5558 g 0 yf (il y15) (JuoSS OMas

(CED439) aning gl siluwdin 9 (>b | 1oyl 4 (0 plgie
a=>lg 9 )2 £ Embedded Systems Modeling and « 003 Ol
Design PN
WL Ot Hlio o9)°
O les O sobe! paazi Hldpd 99,0
m T :;L.».-’»’-';' e v 1oy oluss
O aobyybl / dlw, FA el Ol
S Sun

ol 25 s g5 ke 5 yb (6 melin by Sligmtils Bres lisT oys ol Shol Bun

b fad o b ol

Model of Computation (MoC) slowlxe Jow Syme —

adys slapinnn Soliss JL8, o5lu Jow  —

gy Seeloo b slopivs O

WS Seolizd b slopiuss O
oo oS5 5 (o5 5 sladas —
(multitask) laabga> 4 (CONCUrrent) sy en slo oo —

aligs slapin 10 o Olba>db g ganple; —

i St g o Joe ol —
(Equivalence and Refinement) YL 5 ;,le2 ©
(Quantitative Analysis) 5 Jl= ©

160 lemiiny 2alo Gy 8

[1] E. Lee, S. Seshia, Introduction to Embedded Systems: A Cyber-Physical Systems Approach,
Second Edition, available at: LeeSeshia.org, 2015.

[2] Selected Papers




A / ;wwww(gﬁésﬁ)‘wm)U)Mow

(CEB440) (o0 5 palos (slapstnnms | 1yl &1 (o0 slgie

o S &g & 3 &ylea
73 Y Cyber-Physical Systems .’w)/:”*c

LYY O ab Sl 9950

O ko O bl paaxs Hlipd weyo

O os— g,k :’Lﬁb| s Y oy oloss

O aobipbl / Al FA el ooy

S Sun

sl o ans Sl JSae (ot plgieds Ll 2o 5l 5 (S5d b slapinns poie b (2leST (o) (nl (Lol Bon
Slagaiails g phams izl €55 9 (FaiSTy (( F0 S (2l @ Lo pe slagtdle (s Job 50 g sl (528 5 Blbols |
Olaebl 092 calizis 0y 25 zolaw ;0 a2l 4 bagr e Plae 5 o Ty 5222310 5 095 0 (Byre (Slowlns 5 (LS|
858 o0 131, T lasaiails el 5100 ,S05, 5 dasiuo § (bl slaS5g 5 loJso glsil pitunmn 3 Shos uxs

b fad pw b cobe

azsn )b 5 deniie

Lol oyl g (b rmle glaptars O

&35 seje> O

gl i b Slples g STzl O

lacydgize 5 o il dacus b da Ss O

Lol iyl 5 o eyl (6l (sl gaials 5 baasin

S35 Bpae g ool (5 pdy s (Sl el CllilB( SSp0 e O
ooy ] crmas 5 el (sloo o5, O

ale parass 5 ganole; ()3

Sy st gl O

odbe59 e Sl )3 plie anass g aiple; slapk )Xl O
Lol 2l 5 oo 5 ymales slopimes y b |

Loyl 5o (bl o dSisy 5 e 9,0 lbls)l O

ool o (bl ladSSsy 5 prmosn bl O

Lal el g (S mbe Slaptun 6138l 5 5 6 )l8lden sl fins

o Slac s S bjl0 1 glao S 5l O

ol slasly g Jolo pinns o SBjlon slaaY O

(Platformy o3l ¥ b Jales ;o el

Ldl ci il y (Sosdmle sloptans » (S5 (ny slags)sld

(shos L9 Sy )18, 9 LSl Jlod g gyt g (oa8ly Jlo wix (Bme O




PR/ Fgmols cwign (5559 g b 5! (oulisd y15) (oSS Has

160 leaiiny @l Cow pp 8

[1] R. Alur, Principles of Cyber-Physical Systems, MIT Press, 2015.

[2] A. Platzer, Foundations of Cyber-Physical Systems, Lecture Notes, Computer Science
Department, Carnegie Mellon University. 2016.

[3] E. A. Lee and S. A. Seshia, Introduction to Embedded Systems - A Cyber-Physical Systems
Approach, The MIT Press; 2nd edition, December 2016.

[4] P. Marwedel, Embedded System Design: Embedded Systems Foundations of Cyber-
Physical Systems, and the Internet of Things, Springer, 2017.




Yo / Fgmols (wiign (55359 g i )l (ol y15) (oSS M

(CES441) gyl bl | oyl a1 (w30 olgne
921y 9 (30 €9 : 400 ol
? Cloud Computing ) )1 ;
. O wy Sl 9950
O es O skl paass Hlied we)o
0O ~ 6 :)L“-”| ) Y HCAPIRINEY
O aebigbly / allu, FA O RS

S Sun

sl lu g oy pl ol 6l (bl pas SO oains ST slo i g padlie Baos S0 obul uyo pl Gos
Solore l38la g 8o jo 3l slacd iy (Bime 4 g 0pS 0 58 Ay 0550 LT (65 5 5 sl Glapta
ol (Siglz peizes Sgboe 4310y 6l Glaptans ;0 (cmgiteliy wu> pealis 5 egsle 5 o)l et

Nsd oo oy Sl damee ;o )093 00ls S1he g ndy wliie laasl )15 sla 2dS
edly aielsS 5 9)lse )0 prwlie e WHISG S Cudy Colilge L) )0 (pl 5T Slgmails
@lBre s )5 (sl sl Jb]) pas Glo Sy clil o wdige Bas S @

b ol 4 51,8 slaoolainl gly slabgs sla yigmals g rsloaisls y wim Jlul oS> @
Lol slacase ajlse 5 pl Slomagy Blises polaws @

Gl Gl 50 giasliy oz ealas @

1 o s by oo

a0 g dodde —

Sl bl 2 glaesie —

iyl a5 iy bie b1, —

(SaaS, PaaS, and 1aaS) ! (b, ;o cwas slbJos —
2 il g ghlre eiile —

Srly i Wby Gly (oot sloJoe —

Sl )5 Slpis Glp )l 5 lalae —

Sl i )0 boppilSe —

S5 8905 9 Soel o2

Silwo >3 g ikl slopl g lere (b —

(Job scheduling at scale) Yu wlis ,o gousle; —




Yy / PomolS kg (5559 g oyl (Wl 4I) (oS SN
(Borg and Kubernetes wile) ;1 Sldes sladigas 7 2o 5 YU (uldio ;5 00ls 35110 ailio Coppan —

Sleas (B9 solaidl Juo 5 sl I —
server-less ) |i$ieas g ol ¢ (€AgE COMPULING) ad o Slewbre Colo 5 lasdie —
((ccomputing

(5l o w08
[1] R. Buyya et. al., Mastering Cloud Computing, Foundations and Applications
Programming, Elsevier Science, 2013.
[2] D.C. Marinescu, Cloud Computing, Theory and Practice, Morgan Kaufmann, 2013.
[3] K. Chandrasekaran, Essentials of Cloud Computing, CRC Press, 2014.
[4] Selected Papers




vy / ;wwww(gﬁésﬁ)‘wm)U)Mow

(CES442) 5ilge o3l | omyld & ()9 plgne
9>lg 9 y0 £ . 4 90 plyre
Parallel Processing _
1 eSS
Wk O ay iy o020
O tec O sobe! oaass Hldpd 99,0
O os— g,k :’Lﬁb| s Y oy oloss
O aobyybl / dlw, FA reae b Sl
S Sun

oeizred el Ll (LSl 4l S3slns 5 Silae Slapianw o loss glgil b adsl SLsT je cnl 5l Bas

izl 4 Blas 40525 slosig) 9 Slge Go3lon Lok Shmte slojline «s5lse Glapians (5iloae ogzi b plgzedils

3, 1 Gilae slapi 6l (g 5lwooly 0956 (pizmad bgmiils ol wuales Linl Lo3ls  slaasly 4 LT cllSs 5 5SS

b fad pw b cobe

Sl Grpims 5 lene g Silon (510 p p Slasade —
od.w@)y alasl> 9 ‘5)“"”"" alasl> 6Lm6)LAM O

6)‘°ﬁ 9 6‘4-.’.‘)1 Lngbo..x;)'b).; @)

sols b, geans al,l ©
S8lS slaenssls O

S3lge Sopw ;o (bl (e sloass —
Jshite slasiglnss O

il 25 syl ©

°‘5)-?_“7‘L?)‘ @]

od;.lfg_éfa.o—ox.ifd.:.‘y @]

dolla> O

SSlye slapt, Sl (b —

b Glge (b)) Slides —

Silse sloasl p Ldow glo e —




vy / ﬁwU@vw(‘sﬁésa&)‘wm)U)Mow

S dezm oS g (6lge aslip ColS i slajlae O
OpenMP) 5 jiie aladl> oy, b (cwngiaali,y —
MP ﬁl.u Jols sla bzl o w};a\.ol.;ﬁ —
S8,S sodisle yy cwugiasly —
35, 5 gdae lapi 65l —

Sslae o ylo Olawlxs O

Ry Gl O

&y 4598 has O
Wgad (539 né o, —

Sl i O

bl F olle O

¢ O

Seelind (gumsidaly O

Ol 2ol Cow d
[1] A. Grama, A. Gupta, G. Karypis, and V. Kumar, Introduction to Parallel Computing, 2nd
Edition, Addison Wesley, 2003.
[2] T. Rauber and G. Runger, Parallel Programming for Multicore and Cluster Systems, 3rd
Edition, Springer, 2013.
[3] B. Parhami, Introduction to Parallel Processing: Algorithms and Architectures, Kluwer
Academic Publisher, 2003.




VF [ Sgmols wiign (5558 3 51 (owilad )15) (JuoS S Wwaans

(CE5443) 438 piicy Jole imes | 1m0 )6 41 (3 0l
9>lg g )0 €9 : @ 0 lere
o2& Advanced Operating Systems w), ©
1 eSS
C_RER 0wt e (0959
O ko O bl paaxs Hlipd weyo
m T :;Ln-’»’-';' e v 1oy oluss
O aobipbl / Al FA el Sloss

S Sun

ot 30 Wl gl oadailyl gla Sl 5 oud com laojsm ol 51 G o 5 zskae lagille «ayo cnl 5o 05 o0 58

Ll sos s3lwosly 5 5 e Jole Sl laggainjlss 059> 10 (ohogh Glocdrin b plgmtils oy S o )18

g sl g3l Jole slapins 5

1o Jood yos b Colo
Jole a5 latlls —

Sl O

@Sk ©
odislo paiz g oy O

FoelS oz bsslers sl Jole gl (Hb - =

%258 SBptu | AL Hozmen slatumnir O
ol g Glimabol Sl (gl Jole gt 5 )lone —
Sl —

S5 0

SPleses e sl DS ©

$5°8 ilegile O
Jole it o115 350 —

bslaabo: sl S gllainasizfaieey, O
o9l (§ilge sools 4y Slows lp s lexe —

osls 31,6/ S )5 slaaigs /el jo mlio (gjlopupd  —




Yo / ﬁwU@vw(gﬁésﬁ)‘wm)U)Maw

Sl le GL”W -
SHp ok LB slapiaew —
-t ol i b —

SiAl Copde O

teolgidiny 2abo Caw o8

[1] Proceedings of related conferences and ACM/IEEE journals.




V9 | Samols qukigo (5559 g w5 (il 1) (uoSS & Has

(CE5444) wib piiy 33951 (spsimmns (> | 2oyl 4 (00 e
a>lg g o £ Advanced Dependable Systems 4 30 Olgre
Design W LY
C_RER 0wt e (0959
O ko O bl paaxs Hlipd weyo
m T :;Ln-’»’-';' e v 1oy oluss
O aobyybl / dlw, FA RPN e
S Sun

sloslayy Sl eoliul waijley S5 slaasly szl wigy () (Jelod p s 2Ll slagts, (pialej] » (e
Slopiars ;0 6351 LRl slasbs, el (silusgaze 5 oy Gl Sal &5 Ges o Gl Al pwyn Bl
SRl 55 GRS Gl sla by, (riaren 9 00 Bm 58 Sptan o6 fguelS SloaSid calind Slapin piyasly

b dasles Lusl e opl 4o odlplxl sla jiags L ey Hlbgzails Ll o .oges oLl

b fad pw b colbeo
JSal 6 pdy Jos g liebol ol (6 &y 551 s oudlin j900 —
bl slebs,
FMEA , FMCA PHA DFM .(Parts Count) asks _5,les 3y, O
Ll b 5 ol slase Jelows 2l3-bmploj o350 el oo )157 Sige el 29, (JSST 250 el ©
basl 2 2l Wy, (o)ly sloeds,
Committed ) oo ahd (sloJondljgimws 5leds (Jowm o> JpsS oby> ow)ly dasl o)l 0
«(Watchdog Timer) 3l .« ol (Execution Tracing) I,»! s, «Instructions Counting

Error Capturing ) Uas Lo sla Jeal,giws (TiMe Signature Monitoring) sk slael o s
(Instruction
il sl 5 o5 slalles —
k! wlidcww] s SRAM ;5 e slao 581 ©
SlSl 1alS g o5 llas £ 5 e slooged O
pr sl blie o ol g ol aladl> g pdy Joos ©
w8k slao)l Bl o 5 slallas g pdy Jod =
Wousslop iy o JES G piy o —
Olabl Skl 5 JBol s pdy Jod 2b5,1 —




VY [ Sgmols wiigo (5559 g i 51 (ol )15) (oSS S Wans

ol Gleoged o JIL3I 5,5 ©
il anlio 5 JSI 5,5 95290 slo)lpl (Byme O
%239 GBI 5 (S FguelS SloaSl jo JIAN (g pdy Joss —
W 5 Sy g St 5o JB 6 pdy e —
3o loe Lawgi (6 maly e g 5lgp) lae Jawg WGl slapiwew FleXRay TTP s TTA.CAN o
oz bl sbepslle ((Glae Jawgs
&)l Blep Gl Kby, b JKal 6 pdy oo —
wadss 2bib sl (obib slasSsh (geslags Sisuaizr wsiaslp (s Wiz pwgialy O

(Nt-1) Glasens iz s gdal

999> )..Ja.’ ‘_J.Q.u 9 J.Q_'> 6L®W Lng)‘)‘é“o)J 9 )}é‘&o’w A.Js.: I GA.QJ‘ Sl —
sl b IS5 i 5 30 SO 26262 5 Juitinl O

(sl Bl Cow pd
[1] F. L. Kastensmidt, L. Carro and R. Reis, Fault-Tolerance Techniques for SRAM-Based
FPGAs, Springer, 1st Edition, 2006.
[2] S. Mukherjee, Architecture Design for Soft Errors, Morgan Kaufmann, 2008.
[3] Papers of IEEE Transactions and Conferences, Springer/Elsevier publishers, ACM
Transactions and Conferences.
[4] K.S. Trivedi, Probability and Statistics with Reliability, Queuing and Computer Science
Applications, John Wiley & Sons, 2nd edition, 2002.
[5] ISO 26262 standard, https://www.iso.org/obp/ui/#iso:std:is0:26262




YA /| 5omols cwitigo (63559 g i ol (wlils )15) (oSS Mcins

(CEDS445) 51381 cudemw (coxiam g 30 | o yld d (w)yd (ylgoe
9>l9 9 0 €9 e @ 0 lere
Hardware Verification _ ©
1 eSS
WL 0wt g (w99
0 los O sl sz Sl (wg)yo
m T :;L.».-’»’-';' e v 1oy oluss
O aobiyybl / dl, FA RPN e
S Sun

(€ b)) s i g yd sl o l8lcs i s yd sloig, g Sl b lgmails SLST uys cpl Boa

Obgmeisls 99, o0 @855 Ll jo adb oo 8l (i sy (5 50 Sla g 9 S5l AL g (i oy o b,

..\..;Lo.’ GRS |) JL....?u.) 6L¢>)|)~é|¢;_>‘w Lg.b)f)lf I Y @-‘)Jo L;LQ)‘)’.J )| oolawl l., A.u‘j.u

b fad o b ol

Sledde —

PG i ) (b ig, b olisl o

RIS (i o p3 it slats) 2 900 O
Jplesn Gioy —

BDD 5 vt g5loJae 0

(Predictive logic) 55 i shio b g3ldoas ©
SPleces o g ys s by, —

Silwderd p (e slaghy, O

Sy sdy, O
Sl b I8l (v S pd

St Al glo by, O

O3yl e ol O
SRS 550 (R Sy

(Equivalence checking) ;,lee ow)ls ©

by ghie 5 b Sy hrog O

(Model checking) Joo ow)ls ©

(Theorem proving) acas olsl b v gwyd O

S )30 (T gy S0l —

Formality .FormalCheck PVS HOL SMV VIS) 50 riw giwyd slopiusms O

e ob; Conformal




YR/ Fgmols cwiige (5559 g i 5l (il )1) (oSS S Hains

(sl o w08
[1] W. K. Lam, Hardware Design Verification: Simulation and Formal Method-Based
Approaches, Prentice Hall. 2005
[2] J. Bergeron, Writing Testbenches: Functional Verification of HDL Models, Springer, 2003
[3] C. Baier and J.-P. Katoen, Principles of Model Checking, MIT Press, 2008.
[4] S. Palnitkar, Design Verification with ‘e’. Pearson Education, 2004.




Ao [ Fgmals (wiign (53559 g il (ol y15) (oSS M

(CEB446) 534059031 Wi (>15b 9 (59051 | 1iom)ld & (30 olgis
9>l9 9 0 €9 . : @ 0 lere
Testing and Testable System Design _ ©
1 eSS
C_RER Ot e (0959
O tec O sobe! oaass Hldpd 99,0
m T :;Ln-’»’-';' e v 1oy oluss
O aobyybl / dlw, FA el Ol

S Sun

sy 3¥ SIS 5 s pdyoses] pll sloess 5 Jluzms slopius >k 50 T Cunnl 5 6235 0505] pedlin (uyo ol )9
Lol oy 0 Shee b glgamiils 5 (Byme 5093 (9031 slagds, calises glgl 00,5 oo (Byme 0T 59,0 9 @ Lo 25k
GialS (KisSz wlilae ;o (Sigihl Bl aieaS 93T slajloy 3l esliinl ozmen Sllamdlo (5 die) (nl 5o g o0
LsT 00iiS oyp05] lomlyb 51 ooliiasl gboogeds b lgmiils Cules 45 g o ce 03l zpdsi Sllae ,o SV olas

A Jaslgs

i fuad o b Sl
S peplie b olsl —

Jlzs St c3lo 5 ()b 50 (93] (R O
o33l lyl O
o950 5o soladl ol —
Sy abaki g (yge5l anse O
S35 geil slalpl O
Ol 33 oeesl G 5 ogesl cuiS g (Yield) el s 5Tk 0
Jlazms Glapiuns (3031 50 S g3l due =
Jsol gilwans —
ol slagbs; 5 sibate gjlwand ©
Ll 5 65lse o5 JBEI (g5luands slap 5SII O
Ngyed JIol (gluards oyl O
JB! 51 syle pdiges O
&lp G rdogesl s pSeslal —
Sy sl O

oduzy 9 oy slajlae O




M [ gl o (8559 g iyl (uilisi )I5) (oSS O

ol Jlop Boes oy —

&l (9051 blia o (53, Skes (5051 ©

255 e sl se3T o adgs by, O

O303] o p ade ablosle 5 69,50 slo by, O

5031 Iy ades 5l esliil b Sg38l B> O

=55 slylae 6l yge3l jlop adgi slapt oS O
2aosel (b s asbesle bbby, —

J Gt 0y >k O

Sloyashiz 9 (S52 s op) > O
BIST) 55 ;9051095 sloaxly b —

SHlas oy ads O

o305l 6laylop a4 el glwosid O

(Boundary Scan chain) ;e G o pzs; o laibsl —

(sl Bl Cow pd
[1] Bushnell and Agrawal, Essentials of Electronic Testing: Digital, Analog, and Mixed Signal,
Springer, Boston, 2005.
[2] Abramovici and Breuer, Digital Systems Testing and Testable Design, IEEE Press, 1994,




AY / ;wwww(gﬁésﬁ)‘wm)U)Mow

(CEDB44T7) ,l38lccim sloiel g sl | i ow)yld &y )y (ylgae
9>lg g )0 €9 . 4 0 ol
Hardware Security and Trust _ ©
1 eSS
C_RER Ot e (0959
O tec O sobe! oaass Hldpd 99,0
m T :;Ln-’»’-';' e v 1oy oluss
O aobyybl / dlw, FA RPN e

S Sun

3 gbige ailoy ol Hog slaxel BB g 8l Coal oLl g (b oyl Gl iy (Byme 4wyl 4o
5 g baas ol 4 sleiel g l58lccun cocel B cnl o3Y o] 5l oolatwl Jgb 10 5 0dgi b >lhb 5l e)l8lecin pee a5 >
I A5l a5 el o 3 5 e ST S pse 55 (6 K50 1Bt (300 b si s oo el o
O S (6lp olasid i e ;0 09 plamil (i 50 S b Tg 5l S yomie )0 (6 B 3gd oy (b L
5o el S8l S lawgs Slaity 4 50 (6 T gaelS (Gt 10 Sleel g ol ol (gl cogdle 4y ol p3Y Slasaygs
siejle 2o p)l5 (B (slp olatel Gl bl e olatsl 8l 0 pogad WIS ads 4 s desp)lS ) S

b Jad o b ol

goizme gl s (505l (b 5 (6 Kije; 1 (slanais

S50y slroassls

(Trusted Platform Module) TPM , (Trusted Computing) slezels 5o Slaslxe
J8al G5 ale> g (il U alos

(PUFS) (oS508 (slosslon b8 ot ol

(Intellectual Property) IP slassl, (Watermarking) s |38 juasas

LFPGA 5o olezels oo >k

iy S pis ol

Radio frequency identification (RFID) slaccs »» cosl

(b8 g Jriie jsb @) jli8lecen sl oolaiunl b sl p (sgine oSl Lad> ¢ oo s S
aoizms sl los g IP sl sl o g)l8lec (_gl.ajb.'{ O, e g als

K5, sl ssle o skl :FIPS 140-2




AY / ﬁwU@vw(gﬁésﬁ)‘wm)U)Maw

160 lesiiny @l Cow ppd
[1] M. Tehranipoor and C. Wang, Introduction to Hardware Security and Trust, Springer,
2011.




AF [ Fgmols widign (5558 3 51 (wilid )15) JuoS S Wwaans

*(CE5201) 5 gupols’ ool | 2oyl &1 w30 slgne

9>lg 9 )0 £ : 4 o0 plyre
Computer Security ) &

WL O« Sl 099
O s O bl paaxs Hlded (wgye

m VS :)LV-’|«5M"’ v (s olass

O asbipbl / alle, A | el slass

&5 4 Jabp (nl (Slo gy ar el 0ol (905 (6l Coal (Ral)S al ] (ol )l aaliy 5o wyo ol Gl Juad s

Slion 6yl Sl 0l ulid )5 sy 5o (] i 4 bgie s

S LRV

S5 Gt Siloosly 5 (Hrb Glois; 5 FaeelS Soel (Lol mumlin b (lismtils (0903 LST )0 cal Bom
S Gliee (958 st 935 o il lagT Jlos! (sla s, 5 o0 b yme oiiel sla Joe 3 o iialas gyl o
Ol 5 Ssrge slaslbinl 5 s e Cotel el S5l o0 (o) SFelS Slapten ;o Slol Grdal 5 g s

A 30 ol Slegdge o0 5l 0je>

b fad o b ol
b peoles —

aloz (6 iyl 0 (B s (o (Sl yme ¢ gals Coiel O
el p3lSe s el e g ales O
il gralas g lbayags ganmaies O
£S5 53 s ol relsBay Jlidle s O
el gla o 5 latelas —
il o i L glgl O
Yorb¥-h (Sloyme Jao O
A pae cwoledlbl b > el O
Oy =SSN Joo b o Joo O
=7 e e O
Coge sbaplla 5 Jlozms cagr —
Lo 25 5 oy ,S el )5 Lot cogo ( Jlumms cuge O
oyl oy o Zuge O

i sy ¢S 5 0519,38 1 0 IS Lol Gyoual gl iy, O




AS/ ﬁwU@vw(‘sﬁésa&)‘wm)U)Mow

clol Braal sbpivgw 4 do> O
s S8 slep il —

5933 9 Sig Jele Lt )3 (g3l ool ((Stmld slaccd 5 (o s S35 o] O

(RBAC) (18 5 (s (g mss J75 ©

>y (e (g S5 wlS g JB o s S5 O
slezel LB Slowls —

ool Glapiss (Ab Jsol O

slozel BB ot pygie O

slazel B 665w Jodo ©

FLASK el s )lane ©

(SELINUX) a8b 0gupp ol b wSgid Jule it O
sl glraiin —

4l peolic O

slozel L ole glapivs glyl O

oSeille Jole s (Sl s () O
lap)] el 5 ol sl JUls —

Slulaz 0

5 Az 5 silee glaoeile O

ol sl bl Julod g pansas O

ol JUlS i o
e pncn Ctol (b3 g (i —

ool et (b Jgol O

ol pedi b Lo o oeplae O

CC y TCSEC slas Justewl ©

Bl Jlgp wiz (Syme O

[1] M. Bishop, Computer Security, Art and Science, 2nd Edition, Addison-Wesley, 2019.

[2] W. Stallings, and L. Brown, Computer Security: Principles and Practice, 4th Edition, Pearson
Education, 2017.




Ar/ ;wwww(gﬁésﬁ)‘wm)U)Mow

“(CES601) ais yitony (55 9ol (soaSns | 1)l &y (w00 (g
9>lg g )0 9 4 w0 ol
Advanced Computer Networks _ ©
1 eSS
LR O« Sl (950
O tec O sobe! oaass Hldpd 99,0
m VS :)lt&‘-'—"' ass v (s olass
O asbybl / allu, £A el Slasi

Jad o ol Slois, 4wl oals 53905 (6 i gaalS (slaaSiid ol 5 o) bl IS Al jo ey cpl Cllae fuad s

A0l oo (5 S guelS sloass o | b )5 el o Ol s 4y bgia g &

S LRV

Slojbe slaasSecd 9 Co il Cojgme b wazr b F9aels laaSid o Shos 0920 (6 250k Baond Sur )0 0
ol SBlaal 5l 59, i slansy, obil g 69,5 & jlae 0,5] Caws as g lai (23ls 140591 Cawd a4y el o0 iy
(e § S e (50l 50 (g Jie aSD 0 Shee (53l (s5lme ol (6 FalS SlaaSid (5 lore el (0 (]
ik slaS5sy 5 SDN wlshly Jolt JyuS 4 oSloe g CaneS oadd 2 35T L o] slapsilSs 5 S5
b 25 by oy cul ol aS L plsaeiils 39, o0 JUaLT i oo JoSi5 1) uy0 (nl 5o 4295 9550 (ol slal (Lse

:..\.;)3." Cowd

shhie g (Sopd a3l Sl g Slejle ol jo (6 55slS slaaSils sluY (g jlone (s @
Lo, slos )57 5 oo Sl gyt QUi 5 (65lwaSids )0 65 clmghy § (Saio laiy, colis @
SHlwaSel )5 zike g5k 50 6)18le 5 g o)l EleGen lalnl Sl gladisel 6T, A 0 D)k @

A 50 Ll 6,855 g o i g J S ools amins 10 SIS cwaige slapislSe L3, @
Ol bgs e 0S5 0ol amis sla S5g, g oyl 00,15 g 4l bl ad s sl gy 5l ooliwl g el @

b Jad o b ol
SF5eolS (slaaSil (5 loxs

S FgelS sloasis jo slaY oo glgil O

Sl sleasits 5 oo pul g )less O

Doz Jud gloaSl g5lene O

S sloass s)lexs O

st § (o ywd lBaSl (5)lexe O
ol 5 g Joe —

Baz e Syl g adgl ol g Joe O




AY | Fgmols wiige (5559 g i 51 (il )15) (oSS S Wans

O gy CandnS yroudl (5 lexs O
Ol 2 e Sy s MPLS (558 ©
il iz g O
S amio sl IS5, 5 olere —
laelsyg g slaalsygys ol O
o9 CobS A ol ol O
ol 4 by sl S5, s SDN 5 5L 0
S5 widiger g Sapde
Sl owdige slap il glgil gais aws O
sy J 7S 9 Sl g5leJoe O
pl-ojl J S slabg, O
o Jd o i g aVole pocug O
Ol Sy o kS5 —
Jom Y oSSy, O
w4 e glagtunws O
OTT ks ©
e
SwdSed yo 95 slanig, O
LS ol) gbasis O
DTN .NDN JCN s o

Ol 2abo o 8
[1] W. Stallings, Foundations of Modern Networking, SDN, NFV, QoE, loT, and Cloud,
Pearson Education, 2016.
[2] W. Stallings, Data and Computer Communications, Pearson Education, 2013.

[3] I. Marsic, Computer Networks, Performance and Quality Service, Rutgers University Press,
2013.

[4] P. A. Morale and J. M. Anderson, Software Defined Networking: Design and Deployment,
CRC Press, 2015.
[5] Selected Papers




M/ Sgmels cwidigo (&5 g i sl (wlils )15) (oSS SHcns

“(CEB622) s yaals (slapimnsss (2115 b1 | il & oy ol

a>lg g iy Eg

Performance Evaluation of A )0 plee
Computer Systems WAL

LYY el

Sl 0959

Dl (weyd

o
O hoe- s,k :’ e

O byl / A,

Y :..\.’>|3 Slowy
fA e lw Sl

A0l oo (5 T guelS sloass o | b )5 el o Ol s 4y bgia g &

S LERVY

CiS el g SIS slasaiels ¢ 59,515 slagaiejls s opdle o5 gmmelS lodSis § ginrus 55lwosly 5 (>yb 5o

7550 (RO g e SoiS sl el il 500 g ¢ 20,35 ( Sldes Gl by (loj (et o9l a8 )F S5 50 Wb S g e
oolaw! 2o ooj)‘loﬁ: L ok alsdl> Ol! el J)..\;ul.id cawlio slooll ﬁdel L S| AR g CalnS yo axdlas

o JSSg, g bapin ;631 5l oolainl jo Koo samie slacobil g JuuS jlue 33 olfiws iz b g o jluse 33 olSoiws G 3
BB (b (o) 9 o5 o b Al laolotl o g 9500 3929 (6 5 enall 4D o Ly g s SO iliSie (la i

W10 (5 fgealS SloaSd g gt LIS (b5 4 (Lot slagty; 655,80 b cl oY ol plis aitd olulis

PYrYS o 6>|)Jo Ol o odds 7 ylas Y g 4 O‘QS‘SA a5 opl 09l solanl ‘5{‘)[5 slgasosls owyp o Jl il

(el ubjmb 0O R (_ng(_g..\.;.o.i\j.? .)l:z_a‘ oo u_" ERV-JRIRY C“""L' (_g).)j.._..nlf (_ngdif..i)

o b 5 Sl dola cloan] b cals o

o (glapiuns 5 iS5l slaan ] B o (6 55alS slapians siluos @
SFealS SlaaSed 5 gt 2L b)) Hohie 40 (Jlod sloJoe J> @
& smelS GoaSid g et Jlowi 5 (55loand sla)lpl b QL] @

b Jad pw b colw

dodlo —

bl s gl Sbe O
bl sylre a5 O
Jloil g Lol aly aenlin —
g 9 S Solal slo,sie O
sl allis ol slapsze O

Ol sl o




M/ Fguols cwiige (5559 g i 5l (wilids )15) (JuoSS S Hans

Z Jias g ooy s O
Jlisl age gi O
Folily e glahy, O
&S Gl o yuzy —
CwnS oy @S\l 0pzxiy; O
Cwgn Hloy @S )l oyiy O
S Lo gloo oy (61,35 9 sl Cdl> Juls O
o i Jolod —
bl sl iy O
M/G/1 M/M/K/IC M/M/IK MIM/1 oo ©
Coglglb glacas O
o sleased Jolw —
W 9 5k o slrases O
oo aijlee O
oo Jol>pp O
OS> o slaasih O
Jog=(0)55 ho slaass O
Siboderd sl by, 5 ool —
LS{LQ)’TLS‘;.J) o}
Zylzel O
=9 b O

Ol @il Cow d
[1] M. Harchol-Balter, Performance Modeling and Design of Computer Systems: Queueing
Theory in Action, Cambridge University Press, 2013.
[2] G. Bolch, et al., Queueing Networks and Markov Chains Modeling and Performance
Evaluation with Computer Science Applications, John Wiley & Sons, 2006.
[3] R. Jain, The Art of Computer Systems Performance Analysis, John Wiley & Sons, 1991.




Qo [ Samols wigo (5559 g iyl quilish 315) (oSS M

*(CE5604) asiuis (gboo,l381 5 loxo | tomyld &y o oylgis
a>lg g o £ _ _ & yd olexe
Architecture of Network Devices _ ©
1SS
D 0wy ity 30
O Lee O ssbe! paass s (09,0
O o5,k :;Q-’*’-’”' e Y oy loss
O asbigbly / allu, FA O RS

A0l oo (5 T guelS sloass o | b )5 el o Ol s 4y bgia g &

S LERVY

(soges o o gl o LT (g 5eals slaaSds sloo 33l (o5l 5 csiluosly > Jsol b pligmils oys ol 5o
axly Jold 00ls e fSu )0 o)l o (g lens 39 o0 el JPES g 00ld e 3w g0 4 o)1) o il
el iy Sizmdgm ol ailog b« Siuzmdsm w2ly g dadinn Sl § S35 S pae (ol allig Lo 25,5/ 539)9
Lol 55 Vb QLS b oyl38l G nils (sl 5ls 0500 (5358 b baaly onl by (6525158 (el Lzl o0 cnl )0
Plyne o GV 25 @ G, sl 5l 0550 SOSIST (sl Ol e aSL 0138 1 g 45 bl 5l isd e

Bl e ouye Gl Slaal aods 05,5 o0 1,8 (o) 2 950

S o33 Sy el g olb dole b glisl o
01581 Sy iz (gla iy o ot a1, IS 4y claeny 55N L ols] @

Sy g0 Sl )65l sguge g B (oLl @

1 o s by oo

dodo —

oyl Gleass oY az,b O
LKDQT (_gl.bds.u.u ‘_g)Lo.uo 9 wﬁ‘ (_gLQoMbwj)w Cawaws O
Yo ll5 U 1P sloly joane (s loxs
0adaj5 9 5 yole slags lese O
LS}L‘”°°L.¢% 6L"°u“']l" 9 @‘)b dlaal 0
IP ol e Jgoz 50 g2mr —




8/ Sgmols qwigo (G585 g i 5! (gulish 415 (oSS & W

Trie , oo lapu Sl O
Sl ¥lcSu sla by, O
IPV6 Lo ©
bain, gonadl —
Trie , e sla sy, ©
(GEOMELriC) wais slapn 6l ©
(Heuristic) sLexs1 slagn,s5l O
TCAM ,, e slapi 6l O
Sl Copae =
Wy s )3 Sl Copae O
(pl=o3l J58) ol gl jo S8l 5 copae O
(SB15 o) gl 2 e mhaw )0 S5 Cope O
Gl Szmdsm Jool
Switch Fabric) zssw Lol coond (somaiws 9 b awalas O
Siazmdge 2>ly )0 Ganbo slagill O
wb slgsdw 2l vy O
S pioo alidl> b slogigw  —
CAM § cuign cad sla g, O
ey bSO
$39)9 o b slogdsm  —
VOQ ;e slagedsms o gauple ©
Randomized Matching , Maximal Matching Maximum Matching slaex s3I 0
Banyan as.i i glogdse —
Batcher Banyan zss.. ©
Tandem Banyan gss. ©
Shuffle exchange s ©
RN g O
S P galS sloaSis sloo, 58l (o lore jo LaST ol —
syl Ble 5 sleass O
b by giluslre O

0 8,lee O

6o leaiiy 2ol Cow ppd




AY [ Sigmol8 (quiigo (5559 g Wiy (ol 415) (oSS OHwrd

[1] J. Chao, and B. Liu, High Performance Switches and Routers, Wiley, 2007.
[2] A. Leon-Garcia and 1. Widjaja, Communication Networks, McGraw-Hill, 2003.

[3] I. Elhanany and M. Hamdi, High Performance Packet Switching Architectures, Springer,
2007.

[4] Selected Papers




]y / ;wwww(gﬁésﬁ)‘wm)U)Mow

*(CES653) bolai slasslyd | 1oy as g yo olgae
9>lg g )0 €9 . & 0 ol
Stochastic Processes -
D ey Bl poey®
O Jtes O syl oaass Slded (959
O o s, :’L"’"' s Yoo | sy olas
O asbigbly / allu, FA sl Sloe

Jad s ol (Sloyig) 4l 0ol (2905 (6 FaualS (slaaSiods ol o)l bl IS aalip jo ey ol Clllae Juad pu s

A0 oo (5 S guelS sloass o | el )5 el o Ol s 4y bgia g & A

S LRV

Flie aboz 5l 5 JSoralS pwaipe Plue 5 g5l o (Solad glaas] b Cony o 2Bl sl JSolal Coale 4 azgi b

S P geelS sloaSes ;o lo )15 5 Bolai glaansld Glis 5 (ool (o2 050 2l Bap sl ko (5 igals (sloaSds

SleaSis 09> 4o QT Sl o ,l5 s g ool aiSlo L@tfl 6L‘°g;'}-.'.5 4 Solas o, g 3o oo ol o ol
ol sla She 5 Bolas sloanlp Jool 5 Sl colis @

S F5lS lapinw jo Bolai ol 3 slas )5 glgil bl @

b fad o b colo
solas slo e g Jloiml 4y ke 6590 —

ol eloyiio jl Slallis —
Holas slasal$ s bl —

olad s glagtans —

oly b J&s —

Holal sloal b S og Sol5l —

(Ol wile 5 (Fslp <852 anl B gmlsy anl®) ol Bolas lavlp —
Oesd 4l —

b gesl —

SsS5le slaanlp —

Cho a,ll —

Ol S5 ,b gla e —




AF / Somols cwitign (555 9 i of (wilids )15) (oSS SMcans

160 leaiiny @l Cow pp 8
[1] A. Papoulis and S. U. Pillai, Probability, Random Variables, and Stochastic Processes,
McGraw Hill, 2002.

[2] S. Ross, Probability Models for Computer Science, Harcourt Academic Press, 2002.




0/ ;wwww(gﬁésﬁ)‘wm)U)Mow

*(CEB572) oody sl JUSuw (93103 | 1o yld 43 o0 (ylgae

a>lg g wyo £ o . @ 0 lere
e Digital Signal Processing ) w),:’

WL Ot B 098
O tec O sobe! oaass Hldpd 99,0

m T :;L»v's"“w v 1oy oluss

O aebigbly / allu, FA O RS

Gl Sloisy Sl oad (ngad SGSL) 9 (eoas Sher Rl wd)) (wld )5 asln 5o ey cnl Gdllae Jad
il Sl g (ostan hgr bl (wlid ) Ay )0 Gl ek 4 bgie g g 4y Jad pus

S LRV

5 el cilisee slasols bilen slp oo, g (2ol Al lSuSS 5 Jgol b pbgzeiils (joges Ll uyo cpl Bus
- oS o ooy la LS [55l0 p lacSaSS bgmils ¢ s cpl 5o sl T aiile g oS xSUlgus ¢ p el ¢ Sgo (slodls
aislg oo g a8, 5 1,8 1) o8, Ll Judow g« uilS )8 5 loy slaoje ,o ol ojle  da JUSw cpl (g, il slo

DS 0y (508 Slaptn silwosly 5 (b o by, (ol )]

b fad o b ol
dodbe —
(98 oo ool dalas loj b yeaiol (s (slapius (305 (25l ctly slo JUiSms 5yl paiged O
oo loakadl> (gl
ol 059> Jelos sla by, —
o519 5 (e )35 slaguly wly g 40 muly (ol g a3 iy O
o) Sl 53 Sl (s 9 gyl olss 9 (DFS, FT, ZT, DFT) (uils 3 055> ko slagiy, —
DCT Los «(CZT) 7 Z Lo (J5,65 w08 FFET glaen oI —
S5k e Sl gl yils (b -
potie oS e Sile b y2ld oz ik oz 5B g ao 5B L )l d 5 o) FIR lails o
=5, 615«.9-*-“*" OlSe Jie, b sl il
55k Jlzms slapild (Sl —
Oh9y (Jlzms 5 ST ab oz g S50 sloild Z amio j0 lacdad g bojio ) e osle (b O
o3y GRS ISl ((ilS B ()10 paiges (g e pd AUt (hg) o9 oS
gy o g b Jolos -
G PEPIPl gy a4 oS Hd —
(2D (o3 Sl (53lop )3 (oSS pealie —




7 [ Fomols wigo (6559 9 by (il y15) (oSS SN
w5l S Gl g il o By iz (08 G JiSs i3l

(5 lidoy oo w08
[1] P. A. Lynn and W. Fuerst, Digital Signal Processing with Computer Applications, Wiley,
2002.
[2] A. V. Oppenheim, R. W. Schafer, and J. R. Buck, Discrete-Time Signal Processing,
Prentice Hall, 2009.
[3] J. G. Proakis and D. G. Manolakis, Digital Signal Processing: Principles, Algorithms, and
Applications, Prentice-Hall, 1996.
[4] S. K. Mitra, Digital Signal Processing: A Computer-Based Approach, McGraw-Hill, 2001.
[5] A. Papoulis and S. U. Pillai, Probability, Random Variables, and Stochastic Processes,
McGraw-Hill, 2002.
[6] M. Vetterli, J. Kovacevic, Wavelets and Subband Coding, Prentice Hall, 1995.
[7] S. Mallat, A Wavelet Tour of Signal Processing, Academic Press, 1998.




Y/ Fgmols qwskign (5559 g 0 5 (il )15) (oSS M

*(CES506) LolsT byl

w8 4 oy (leie

“>lg g oy £

Evolutionary Computing

A o olee

:wm.:.li;‘

LYY 0wy

Sl 9950

D‘SJ.N: D‘S)qu“saa.aﬁé'

Hlipd weyo

Lo paads
D e g5 :’ e

O asbipybl / Al

‘u

HCAPIRINEY

A

e bw ol

Gl Sloyisy a4 Sl oad (ngad SGSL) 9 (eoras Shee Rl wd)) (wld )5 aslpn 5o ey cnl Gdllae Jad
il Sl g (ostan hgr bl wlid )5 aslyy )0 ol ki 4 bste o 4 Jad oo

S LRV

bt (o Sty g S S > | (Bl Wil oo 5 Sl (a3 8 (ilaaige slagty, 5l (o (GelSS L],
Wis Jo BB o g, Ko b as el Gloaory gilwaigy Jlaw Jo oy opl ol Gan ol plo o J> LB

1 Juct s by Lo

JolS5 a5k 5 SCaig e b plis] -
S5 ple adsl Jgol O
2Py S o0 5l S5 O
2wyl oBas 5l S5 0
S slep ;s Csz ol —
(oS 53k g i) (S sloSlee O
lag,] slo 59 5 ol slaSlee O
ol Jud adg 0
S sl ;oS ails slolg, O
SelSS sl joSl elail - —
S iyl O
JolSS 5lnl O
SLolSS (guagitaliy O

Sy owegiasly O

&% eSS 0,88l O
A oS5 2,55 0

Lo el )by uens sl s,




QA / Fgmols cwiige (5559 g i 51 (il )15) (JuoSS S Hains

S5 slap o8 5o oyl coenl O
o yielyly s jo (el slodg, ©
byl (s 5o (Sheeal slety, O

o ol )b s jo ghnkal 095 Sledg, O

Sl sl ;o 5l eslainl b ol sl Shg b silwaigy Blaw J> —

Sde gjlwdingy Jluw J> O

by sslwainte Pl J> O

e 2z gleane Slew J> O
b 5ol 4185 alodl lan )61 ol —

Ereas ol piacw O

az 50 Sl o )sSl O

a1y plosl v ,68l O

[1] T. Baeck, D. B. Fogel, and Z. Michalewicz, Evolutionary Computation 1: Basic Algorithms

and Operators, CRC Press, 2000.

[2] T. Baeck, D. B. Fogel, and Z. Michalewicz, Evolutionary Computation 2: Advanced

Algorithms and Operators, CRC Press, 2000.




88/ Fgmols wirigo (5559 g i 5l (il 1) (oSS S Hains

*(CES550) (59,5 creiblo (5 S0k

2‘5».0)[5 & u»))é g".’&

>y 9 o g9

Applied Machine Learning

@ gy Olee

et —— Do 00952
O Lee O ssbe! paass s (09,0
O o5,k :;Q-’*’-’”' e Y oy loss

O asbigbly / allu, FA O RS

! Slesiey @ el ool (agad Sk 9 egman (hea Gl abl (el )5 Al )3 s cnl llae Jadye
il Sl g (ostan (hgr bl wlid ) Adyy jo Gl et 4 bgte § g 4y Jad s

S LERVY

Obgzails Slnl wyo cpl Bas ool 4l gl 00,15 waige 5 pgle aliBe slooje o pdle (650l )9l
S50l 4 ol oS alize glaphy )5Sl o )d (nl jo el (63,5 Djgoas Grdle (67T 0b b (qwiige i glaard,

D9b oo grhae die) p2 50 )5 Slaogy g b Jle S oo )13 (o) 2 890 s Doz g Laosls |

1 Juct s by Lo

(W2 )5 5 (yile (6 50b slo s glosl 10 (55900 ) dnniie —

(alols 9 “"'QL‘""‘ GLQ)L‘-’-" ‘d)Lw 3o cu,u)‘.))_y U"""") oolo [_, ‘S,LA_N" —

&.J)ua.)u.?usff«)l.) —

o ppiiediz— (ot pé - o>
Sl e slogs,
obls 5 bl axdlas

S sbophane

35 o3z pldl 5 I olis]

wlaon op 5S35 K
PPNV NG S

O Seaaies
Stz Hga S

ras slhases
a0 X% —latiy Sl p il
oS s by,
i)l sl lre

a
|

Qg

o O O O O

G —

o 0 O O O O O O




Voo / Somols cwtigo (5559 g by (wilish j15) (oSS S Hans

o8 o395 plnil g 5 b lesl O
Oyl g g pSob —
Sodbe>  —
(K-means, k-medoids, kernel k-means) Las sanpumds p e
5o bl
(DBSCAN) J&> ,» e
3
=Sy Skl sl o 5 JECION
by slabe

O O O O O O O

&35, o35, plwl 5 5l b lus]
ol zals —
PCA bl gloailse Jlos ©
LDA 4,5 ol s ©
3 039, plal 5 5l b olsl ©
55 slap ;551
S5 slapi,eSl O

S S5 el 5 )3l b sl O

[1] Tom Mitchell, Machine Learning, McGraw Hill, 1997




141/ Samols qukigo (5559 g b 5! (il 1) (uoSS & Has

*(CE5504) ¢8I o3 iy

w8 4 )y (e

a>lg g iy £

Pattern Recognition

:wm.:.li;‘

4 o0 plyre

WL

0wy

Dl g0

O e JEv-I-L )

Hlied (weyo

[ oo (s,8

SIS (panazs
[ |

O asbipbl / alle,

Y 1aly olaxy
FA HOF WIS

Gl Slozsy a4 Sesload (ngad SGSL) 9 (eoas Sher Rl w5 asln 5o o) cnl Gdllae Jad

ilios S5l 5 (oaran (hee 2Bl (ol sl )3 Gl et 4 byie g 1S 4 Juad e

S LRV

9 Ol b 0,Shs, 90 b gumatws b s o slaggoge (yoy0 pl jo aiiis ol slagSIl L slaosls b 5 (5505l 5l

yoolyb ez sy ualS o prie wix Qb’)u Jolis ggie sommlan Olgziils (pioren .éé;so &l oylas ey

Sy )l8 ol Cusm ol 5 (s g cBlanl Lol « ogiong 5 2ol pslas (a3loy 5 Jeloo LaS o e Julos g (35l

RPN

b Jad o b ol

3 0550 52l meplis j50 5 (5 yme

‘_g)LcT ‘_gLQoA.Q_ZS (GOds Ao

‘514_5 PRVELY |A.? @‘y
Ol oy udle

(@)

(@)

@)

any gialS g 2]yl Gl slo g, (8 e

Vb oy Jane

ol sloadlge Jolod (e
b nled &b s,

o ile (9,5 S

(@)

(@)
@)
@)

Al slapi )oKl ($yme 5 (goals>

Thanes onadsS (ol ye aledos (gaiatip>

(@)

Gilin Slacby, 5 sl as Alis (e

S 9y elbeiin o b gslwaiin

@)




VoY / 5iguols (quckigo (5585 g i 31 (ol )15) (o & Wi

Ssbl @9 @b et dilize slahy, (Byre —
wlaes o 3005 K g, ool)b oo, ©

(5 litoy oo w08
[1] S. Thodoridis and K. Koutroumbas, Pattern Recognition, Academic Press, 2008.
[2] R. O. Duda, P. E. Hart, and D. G. Stork, Pattern Classification, Wiley, 2001.
[3] C. M. Bishop, Pattern Recognition and Machine Learning, Springer, 2007.
[4] K. Fukunaga, Statistical Pattern Recognition, Academic Press, 1990.




\e¥ / ;wwww(gﬁésﬁ)‘wm)U)Mcw

*(CED651) asuls 50 oy (sl 31,5 5 (5 lwnte 4 55 | 1omjlb 4 o0 lgis
9>lg g )0 €9 Optimization Theory with Network | 4 o#>® ol
Applications g S
C_RER Ot e (0959
O tec O sobe! oaass Hldpd 99,0
m T :;Ln-’»’-';' e v 1oy oluss
O aebigbly / allu, FA O RS

23l oo S Fgerels slraSd ad )l ulid )5 Ay )3 Gl et 4 bgie g g @ by

S LERV

Sy, syl (Brme a4y uyo (] 0)ls (6555elS laaSil ighy 5 (60,8 Pl (o cage oSl (g 5ldigs 4,k
s> Sl g b 65yl coame (iluwdings wuie Jluw alox 5l (5lwaige Jilaw 31 elsil slapz )63 g >
Eou 0,90 LS)L*’A-"-‘-Q-’ s S pJLe o Lgfy.,.olf LngM aliSes JSLM.A L;)'L»JJ.A 0420 6QT » 05){9 .0)“0).3«5,0 oo

el Hlgaeiils jo 55 e saailyy slml yuyo (ul Baw 00,5 o (B Jlawo (pl S sla Il g a8 )5 )8

s J> lapt )58l g (Souzms (St bulyd 5 b Shs «sloaiy JBlaw el glaains ais @
Silwting Pl 3lodoe slagl sl oslinal @

Silwaige Sl J> slajlnl 0550 @
Silwtinge Sl B j0 a8 Jlaw g3l @

b fad o b ol
2l a9 50
b 2 5l o0 Sl 50 O
Obles 5l 5k 9)90 c>lis 59,0 O

Silwdinge 4l dende —
Sty Pluw b5 500 O
o J> b bad e ouolae O
Sty Pluo glgil (Byee O
8 e Golwdinge —
L] (St bl rd 5 9028 g Pl la Sy wod g sjlwainge Pl (By2e O
Olaebl 42l 5 a3 sozminr Jold > slap 55l O
Sede glwdige IS S8 —




1oF [ Fomols quikign (5559 g b (wlid )15) oS i

KKT Ko bulyd g oo Jilao glo Shg cdiie s5luaigy Jilue (Byme O
dou,> o (DAITIEN) Lulos sla g, Jols J> slapm 63 O
Sedie (gluaingy Plae S0 @y 4l il 1 loJle (g5loJoe O
oz gilwdigy
waoe mlyi 5 acgere O
Caze (gilwaingy Plas (Syre O
ool (Ko bl 8 5 o filus sla Sig O
Ol s p)l5 g g0 anas ©
J= slo)lil 5 glapn sl O
oz lwaingy Pluwe IS0 4 aSl Pl 5l olo b g5lu o O
s> gyl —
logl sla S 9 (s si,aebp Jlaw (Bpme ©
ol el slacdl> o SIMplexX) Shoow o650l ©
Gl Jolod g (Jas 65,40l 0 (Bgs O
b Gaely Blas Jo o)l O
b= s yaeliy Bl )8 a4 aSl Plus 1 oo Jle 5luJae O
geoeo ol (das o3 aelp —
lo)] slo S5 5 oo slael b3 g5 aely Jlae (Byme O
geree sl (o (65,4005 Plae Sz (o)n 5 Sz 4B 2 G690 O
Sl Jdo g oz (63,406, 0 5590 O
«totally uni-modular) slaley s Sl s cl> oo slael o> 5,460 5 Jlas J> sleds, O
(branch and bound) 35 )|,S 5 o FasLs Loy, ¢ (CULtING plANe) iy axio g,
zee b G aely Plue J> slajlpl O
geoeo olasl a5 a6l Blue JS5 4y 40D Pl 3l oo e s5luoe O

a5 g ilwolil slobgy 2 sy90 O

[1] J. Nocedal and S. Wright, Numerical Optimization, Springer, 2006.

[2] S. Boyd and V. Lieven, Convex Optimization, Cambridge University Press, 2004.

[3] R. Vanderbei, Linear Programming: Foundations and Extensions, Springer, 2001.

[4] W. L. Winston and J. B. Goldberg, Operations Research: Applications and Algorithms,
Thomson Brooks/Cole, 2004.

[5] M. Pioro and M. Deep, Routing, Flow, and Capacity Design in Communication and
Computer Networks, Elsevier, 2004.

[6] D. S. Chen, R. G. Batson, and Y. Dang, Applied Integer Programming: Modeling and
Solution, John Wiley & Sons, 2011.




140 / Fguels quigo (5559 g i f wlish )15) (oS M

*(CES570) Guze (g3lwaiats | 1oyl as (o olgis
a>lg g i &g L Q@ 9y olgre
Convex Optimization ) ,:’
WL O b Hlghe 09950
O Lee O ssbe! paass s (09,0
O o5,k :;Q-’*’-’”' Y oy loss
O aebigbly / allu, FA O RS

! Slesiey @ el ool (agad Sk 9 egman (hea Gl abl (el )5 Al )3 s cnl llae Jadye
il Sl g (ostan hgr bl (wlid ) Ay )0 Gl ek 4 bgie g g 4y Jad pus

S LERVY

e (o) o) (rl Ghol Bas Sl 2hlas (egian (D98 ;3 0Rgd g FeelS (cwiiter Pl 5l )k )3 Sileainge
OIS Co g el bl (6,5 50 Ll g (gludinge calisee laig, b pbszmiils ages LT g (s3ludige slaps ;5!

A oy (ol Blaal K00 5l egian (isn 50 (giluaigr 6025 Jlae b oldl 5 hgztils L3L,

b had pw b coleo
Silwdige (S —

b, olade —
Solop slad o
oyie 2z &yt LT O
Syiie jlade 5 b s O

e slacgome —

R

wuze silwaingy Plaw  —
it bylys O
Eaze S 4 Caze e Plue (omsiilh O
e 4l Jluw O
assiz gilwding Jlew O

St bl g SBgs 5,98 —

Qlfgd diws O
KKT Ly,5 o

o Jlaw ;o gilwaigu op)ls —




Vo8 | Somals uign (559 g i 5l (ouilis )5) (SluoSS SMas

&3y 5T g (e o lwatge o p)5
Godiws )0 Gilwdingr 0 )5 —
Siol (glwaige slapi Xl —
g b by, g gy (Rl (e Ry, Olebl 4l g b goxdten slas o5, O
b pé 5 b gasie QL3S by, O
Soles 993 b (slwae slapi, s —
295k 9,505, O
OB 9s alies J> 5509, O
Al peend Giges by, O
JUgs -Jlealyy 2, ©
Seie silwaing slapi sl —
L5 abai la g, ©

JBgs - Jlelyy b9, ©

160 leaiiny 2l Cow pp 8

[1] S. Boyed, L. Vandenberg, Convex optimization, Cambridge, 2004.
[2] J. Nocedal, S. J. Wright, Numerical Optimization, Springer, 1999.
[3] D. G. Luenberger, Y. Ye, Linear and Nonlinear Programming, Springer, 2008.




1o¥ [ Somols cwign (5559 g i 3f (qulish 415) (oSS W

*(CES331) as3b (oo 5951 s,k | 1o yld 4 poy0 lgie
9>lg 9 0 €95 I 4 o90 plgre
’ Algorithmic Game Theory ), ©
C_RER Ot e (0959
O Lee O ssbe! paass s (09,0
O o5,k =)Lkb| e Y oy loss
O aobyybl / dlw, FA RPN e

bgio g ad a Jad o (pl Sloyjg, 4l oo (pga5 l38le 5 ol S o)l (il IS aal p jo0 w0 (pl e Jad o s

Al o 518l 0l cwlid )5 asli gy 50 (T i &y
S LERV

Lo Grized 331000 Ll el sl 3 slalil (e 5 Slelesiz slaptns 5 a3l a0 gy 4 oy

gl oo lgS gusyy oyd 2l 0 O Ate b sl 5 05l )b

b fad o b ol
el —

alas g Sledie O
calizee slacdl> o )] sawlre 4 by e b g 25 Jobas abss O
cyslanie O
prlSe >k —
e s VCG 5o 15 p iyl S5l (sbliad aasia O
cSlop b b g golo slapsslle O
Sy g sleprlse (> O
SS 5 sleonle ©
ol 4 by Blus 5 elaizl slaasis O

1 g0l @i Com 10
[1] N. Nisan, T. Rougharden, E, Tardos, and V. Vaziran, Algorithmic Came Theory,
Cambridge University Press, 2007.

[2] Y. Shoham, and K L. Brown, Multiagents Systems: Algorithmic, Game-Theoretic and
Logical Foundations, Cambridge University Press, 2008.




VoA [ Sgmols cuhigo (G585 g b 5! (gwlish 315 (oSS &M

*(CES652) oy us g wledbl ag i | @ owjyld 4y o oylgis
a>lg 9 )0 £ : . 4 w0 plge
’ Coding and Information Theory ), ©
C_RER 0wt e (0959
O Lee O ssbe! paass s (09,0
O o5,k :;Q-’*’-’”' e Y oy loss
O asbigbly / allu, FA O RS

Jad o (pl Sloyigy 4l ool (pg0d (6 P guelS laaSiil ol okl bl IS asl p jo ey ol e fad s

A5l oo (6 gelS slaasiis wb )l wlid IS sl o o] eis 4 bgie g a5 4

S LRV

SleMol ay, ka5 Slo w0 cpl 50 sl (6 S gumalS sloaSiss ST pbe slaac> b lgmails SLil yoyo opl o Lol Boa
9 & SaS slagby; eizmes 5 (Flnbe pans o 50 ad Lol Sledbl Uil gl 5 Sledbl g S ojluil sl
e blie Sledbl g cons 09,5 publie lail (oS0 ide 40 .ol oo oulas S ji5u dw 0 w0 050 o0 @811 LIS
88,5 oo iy ya5 JUIS b b 5 JUIS SO G yb 5l eads Jlu )l Sledbl & 5 5 ace S Sledbol & 5 ¢1 51 oolainl b g 994 oo
Cad b g pbie o9yl (Jleiml g e slaig, 5l eoliiwl b adadl> b g alasl> yg00 slo JUIS 5 polio (5loJoe b oo
958l Lrals Bua L Sledlbl aie S (6,10505 alizee slo g, g auio (6,10505 4y (pg0 idu ;000 )8 e dwlxe JUI
Olore 4 55 08 Lawgie Job o LSS g sladamd slaaS aile cowline 058 oo a5 o] (29,5 okl 10 392 g0 SleMol
a5t Sloeds; 5 (B dlior st 05 agie Jsb (sln ol oS G O )gens 5 edd (Bire la g, dnnlie SO
Ol slm! Bua b JUIS 10,57 a8 paus jidn 10 00,5 oo (Byre ju wldlgili- yeili cpedla oS aiile e (5|58
03l byl choma g (Sl £58 S IATAS T IS ais 90 .08 S o )8 Cou 9,90 JUIS o e sal g el
aile loo )5 5l (B 5o Sledlbl )i 285 2 590 09,5 o0 (B So 2 sl 2LESUS slahs) (S gene g 00
oo ol ONlhAS L bemiils 09, 00 Hlaml cwl oy ol Blaal Koo 5l Cledlbl cosl 5 S aseid (gglSesls

S8 5 Sl 4yl Jeol 5 Sloe by @
S8 5 Sl 4yl clos 5 glgil cslis @

b Jad pw b colw

dodlo —

Sl slaptas ol Lo Soly (Byae O
SleMbl 4,5 5 il SVl O




148/ Sigmols wign (5559 g i 31 (ol )15) (oS SMari

oMbl (g 150 3ll

Hlie Dbl ¢ g (2951 ebgpine (519,81 oS itn (95T 9501 ©
aldl> o gl 55125 O

S5, 050 il b glio (5525 O

(Asymptotic Equipartition Property) Jolews 51,81 olxe cools
WS sl JUS cod )b

JUB ced)lb g et JUS iyl O

abidl> g0y atnnS Sl JLIS bbb ailxe O

(JUE 5,l3805 25 9 JUB cod,b alal) cae 50 2l 02) o9l sllas O
85 sl ed)b

gy 13551 O

Lwg (ool JUB <)l O

SleMbl (g 5lwos pid g aie (5 IS WS

ainge $loaS Lwgio Job b oS Kraft golusl (LSS slaas « slakisd slaaS S lawgie Job i)l O
ool gl il laaS (pedls slaos ©

M1 g0 (g lwod pid (BN b (s 5Lwes yid (rate distortion) # 5 zlgel 0
JUS s a8 as

JU (5,l3805 pspie O

Sk sbs slas 0

oz slas O

Sledlbl @y a5 glas IS

GolSeals yo aledlbl &y s o 5 )lS O

oSl sl sl yo Sledlbol 4y Jlas o IS O

SleMbl 4,5 slas IS sl ©

[1] T. M. Cover and J. A. Thomas, Elements of Information Theory, Wiley, 2006.
[2] R. Ash, Information Theory, Wiley, 1965.

[3] C. Shuli, Error Control Coding, Prentice-Hall, 2004.
[4] Selected Papers




Ne / Samols qukigo (5559 g w5 (il 1) (uoSS & Has

“(CES308) 53190 sl o5 | 1 omy8 & (o olgie
9>lg g )0 €9 . 4 0 ol
Parallel Algorithms ) ,:’
P O ab Sl 099
O s O bl paaxs Hlded (g
m T :;Ln-’»’-';' e v 1oy oluss
O asbigbly / allu, FA O RS

bgio g o 4 Jad o nl (Sl )ig) 4 Cesl o ag08 33l 5 il )5 )l (ol )5 delipy 50 oy Gl e Juad o

Al go 5138l 0l cwlid )5 asli gy 50 (T i &y

S LRV

ooy ol yo sl lse slo SalS yo 12l (gl w—’%’.ﬁfﬂ ‘5’>‘).|a u;i>9§.> L obgzeiils joges L] ooy ol sl Gae
5 pleol alax 5l gouxin oo )5 6l (silae a0l Ak uoren 5 (silee Dlawle slo Jow 4 by e xls

Dgd s 0dls idgy BT Pl uizmes 5 goae Pl S o o 05 (g5l

1 Juad yoo by o
Sslye slapt oS  Glaoade —
6)‘5.0 g_)L.....:L’?r.A 6‘)4 oolw J-.\.o RS-’ @]

S5lye slopt ;s sl (Sauzmn slajlne ©

Silse Sl sl arly sLLas O

Silse Sbyseals ln 4l (b)) Sldes O
Silge Slaslre laJoe —

Siloe 1o Fseels Sl M gunailb O

SIMD (sjlse sl el umais O

MIMD (lse slo igeals’ gaaile ©

Butterfly ; Hypercube ; Shuffle-Exchange s Mesh ale> 5l leosjls s Jlasl slasiglsss ©

Sloe o Faeals jo il (LSl slo Shoe (g5luosly O
o3lw (s3lge slapi oSl (A —

&> O

L(b(_g‘n\.l.o.'? e @b))‘ @)

o ple SG ool anule O

o yile SO olei desle O




"W/ ﬁwU@vw(‘sﬁésa&)‘wm)U)Mow

&L sleds, ©

Sl yo g plesl 6l (s5lge Slapi oS —
Gz sbgisless L SIMD (g5lse sl yigusls 6l b O
MIMD (5lse sloyiseels sl2 >k ©

b il o lp 65lee lapi, S —
bz sbgisless L SIMD (g5lse sl igsls 6l b O
MIMD (sjlse sl yigeals sl2 ik ©

goae Jluw sl s5loe slopn )65l —
S Ba> 5 il s SYols Jo o iS5 Yol J> O
liss glagislss U SIMD (gilse sl geals sl (b O
MIMD (s5lse slo igerels sl > O

d\; J.‘:L.....c (_g‘).g 6}‘9.@ L;Ls’bfb.’;_usfﬂ —
4..,.‘5 LSLM’S-’ Qé)o 9 ‘J5‘ GIQM ng ‘J9| d,o..c 65""“‘" O
aliss glagislss U SIMD (gilse sl geals sl (b O

MIMD (s5lse slo i5eels sl b O

1 g0l @i Com 1o
[1] M. J.Quinn, Designing Efficient Algorithms for Parallel Computers, McGraw-Hill, 1994.
[2] D. P. Bertsekas, and J. N. Tsitsiklis, Parallel and Distributed Computation: Numerical
Methods, Athena Scientific, 1997.
[3] S. G. Akel, The Design and Analysis of Parallel Algorithms, PKI, 1989.
[4] S. Ibrahim, Algorithms and Architecture for Parallel Processing, Springer, 2017.




NY /[ Fgmols cwiigo (6559 9 wwby! (il y15) (oSS O

s 38le




N/ igmols weigo (5559 g w5 (wlish 4 15) (oS O Awarnd

(CES301) suuzn sbrasiuis Judoxi | qmwyld &y (w0 oylgae

9>lg 9 0 €95 : @ 30 olgne
Complex Networks Analysis ,.u
:M‘

W5 0wy Hlghe 09950
O Lee O ssbe! paass s (09,0

O o5,k :;Q-’*’-’”' e Y oy loss

O asbigbly / allu, FA O RS

S LRV

GloaSlis (w0 pl Ho el sauzn 1Al slrosls iilo g Judm fy9x8 b lgziils joges L) oy oy ‘51..0| RV
b gslhains ( Solai slaJuw wiile gloalins puoren 0o 5 o Jdod 020 9 (5,8 O g0 4 LQJT Elgil 5 ooy
5 (0 )| (omyp 3y90 SuS e

b fad o b ol
odumy oSl (Syme —

a0, 5 laJle O
olas &I F Juo —

@ 9 S el g4y O

(ks (g algs o pb @ )0 20 598) AUl o )lae O
SzsS slds oy

b Juw ©

GAD9> w0 pd g Lawgie prae Job os g 655 Sl g 458 O
oy SoaSed ) 53l (05 ik —

Jitas (5Ll Jow 5 ooz slaasicd ,o Sledlbl gLal ks, ©

Sledbl jlal 5le aetn j3 o1 0 p)5 5 leslon 2 il ©
oy slaaSd o ladil gsluaige —

Sl s o

CELF 02,550 5 lailons 25 (silodins 5 (e o oS jlassl cadS calizee slagi 55l O
Sl heSas sl —

il )l 5 eomledio 51 €50 slaaSids oy (gl az o0 w38 O

FSS5)S sleaSd 5 (e Jlash) ez slaaSs 6,5 IS slagiy, O




¢/ PomolS wkigo (5559 g oyl (Wl 4I) (oS O

Ngw Jelow g 45 —
HITTS 0,1 ©
oad axis PageRank o 631 g PageRank o 3l o
olai o3pa8 O
oty sladSll o lealiss o L(au.opd Sl —
b ool gl 2l 6lp (rogicls S wiyssl O
L&:u] C‘).?u.w‘ 9 Lbuo.ﬁ." d‘..\.:.s ‘J.H.x.: Lg‘)’ uOy LgLe‘.;Lo.u )‘ OQLQ...MJ‘ O
ol loaSl ganadsS sy b slapi Sl —
Colaw oy g SIS iy O
lagyl cdo s,k Lo g il slap )80l O
o] (sl osuzm laaseds (5lwJos g oozl Sligeon O
Olbgred sl ozl 10,8 o ol CPM ﬁ,.‘;.i)jﬁl e)
odry SASLD )0 Wen it T
bl » e slogly, O
Ol (6 S0k p (e slahy, O
odn (_ngdif..i) )L’;_&L...» CL""""“‘ —
KNN-Descent o551 § aolaed o 5 So053 K G815 5 sl ©
oins i g s aslg ) 5l oolainl b oduzey sloaSis Lslu zlcul O
odezm sbeased 3 pleisl ook —
Holad o358 p (e slody, O
node2vec u,6l o
odZry SoaSed o oty S e —

1 g0l @i Com 1o
[1] J. Kleinberg, Networks, Crowds, and Markets: Reasoning about a Highly Easley,.D
Connected World, Cambridge University Press, 2010.
[2] T. C. Silva, L. Zhao, Machine Learning in Complex Networks, Springer, 2016.




1o/ ;mwww(gﬁésﬁ)‘wm)U)Mow

T(CEDA06) oy 29395 (sWpimaw | 1 ow)ld 41 (00 lge
9>l9 9 0 €9 - @ 0 lere
Distributed Systems ) ,:’
P O ab Sl 099
O s O bl paaxs Hlded (g
m T :;L.».-’»’-';' e v 1oy oluss
O aobyybl / dlw, FA el Ol

Ls’L“’))ﬁj LE w‘ W) u.:s..\.: 6,}9...;.@[5 L;LQP""““'“" 6)[.0.&0 U’“‘")f M)‘ LSM:L.,.«:)IS A.Al.’).: )o u,a)é u.:‘ \.AJLL?.A J.AS).MJ sk

S LRV

slagainjls 5l (pan wilgioe oadm e lapiams Cwl FonslS wiige ;0 poe ol Sl odd Slapiee
oV u.:‘ o 005}5‘ LQJT u.a.o.@‘ 5 U"‘ aS A.A.:Lod 0‘3)3.‘—)'3 ‘) uby ;L{.:“_J.:lﬁ 9 G;l)lf ‘Lg).u\.auwl...m 4.l.o.> )‘ Lg«))ﬂo&).a.c
S o Lt 0595 ol 4o oY sla il 5 (IS csla ool da ille dacs o5 camnlin b 1, olymails

b fad o b ol

dodlo —

WISV <5L®I"':"“'3""" é‘y‘ TR WY SRy <5me Slastin g Slosl AR jo LngW @-TRe YN
0aba 3955 St slas lors —
(decentralized) ;5 ,.¢ 5 (centralized) ;o ©
asls —
olbls)l g sl —
Jie olarea) ply Jlasl albels ol Sllee aiges ¢ (PUDlish-subscribe) us S1psl o631 0
(ZeroMQ
&8l —
SileSinlos 5 b
L">~>|~>4.5) (_g)l.wu.a).o @]
sibio el ©

d)b).g celw O




Wy / ﬁwU@vw(gﬁésﬁ)‘wm)U)Maw

0ais ;5 Slopiuam ;o Jlite lassl ©
Sl glagn 68l O
S slapinnw § Ko ol O
(WBas sloas) iS5 5 o 55l —
&5k sloJoe O
&85 oSS,y O
& Je —
Sl gl O
2955 Oiekae LIl 5 pgases g pols (talas LL3,I O
&> 5l easib o
Y
oalizs ;98 (bl Glapius —
lgime a9 sloaSils —
Map-Reduce 5 jsmeosls Slosle  —

@3 Sl g
(Service Oriented Architecture) 1,5 g, s lone  —

[1] M. V. Steen and A. S. Tanenbaum, Distributed Systems, 3"! Edition, Maarten van Steen,
2018.

[2] G. Coulouris, J. Dollimore, T. Kindberg and G. Blair, Distributed Systems: Concepts and
Design, 5™ Edition, Pearson, 2012.




WY/ 5igmols g (5559 9 oty (il y15) (oS Owarnd

(CES302) by guiuojls (oo | i omwyld ds (g oylgis
a>lg 9 oy £ . o 4 )8 plere
Requirements Engineering _ .
WL mpny Dl 09
O shos O 6t paasi e (g0
O Lo s,k :’Lﬂ‘“”'  nd S VRN
O acbipybl / b, FA sl Sl

S LRV

Dgis ools Tl (Swyd A e QT slgaioils 4 ST ol valys axlae cunsli b (655 g0mlS ROSHUURINE WRpy-3{ WX\ 08
RS eaizms sal B 4 s o] Glagaiels 535 olulid (s FgnelS laptuss (Sauzmg (il g (b aS Lol pen

el 938 g g, ol b bgmisls gilolisl ¢ o cpl 5l Bas 04 solitw! (6 5 gunslS slapinew

b fad o b ol
b gainjls (wasgr Sle —

b gaesls 2Lyl —
o gaiajls (glwiiins g chnogs —

losaiailss (g5 ad —

@by 5 baeils S5 —

NPT TR NUCI

dgato s Joo leolaivl b pivw Blaal g5l Jow  —
Sgato sl Jow jloolaiwl b jlas = —

LS 5ok sl logei 5l ool b by gainsls g5le o —
UML Glaloges 5l solewl b o saio;ls gl Joe  —
o Sldas (g5l Jas —

s 508, 3l e —

b goiojls (i liel g (om)ly —

ol Copae —

[1] A. van Lamsweerde, Requirements Engineering: From System Goals to UML Models to
Software Specifications, Wiley, 2009.




VA /[ 5igmols g (5559 9 ot 5l (ol y15) (oSS Owarnd

[2] K. Pohl, Requirements Engineering: Fundamentals, Principles, and Techniques, Springer,
2010.




N/ Ygmols (winigo (5558 g oyl (il )I5) (noSS SMware

*(CES543) ooty oM Judowi | 1o y)ld a4y (30 lgie
9>lg 9 0 €95 : . 4 o90 plgre
’ Big Data Analytics . ),:’
Wk 0w i 099y
O Lee O ssbe! paass s (09,0
O o5,k :;Q-’*’-’”' e Y g oloss
O asbybl / Al A | el dlass

Gl Sloniey 4 el ool (ngas SSL) g egan (hge Rl w8l (alid)IS asly po s cnl lae Jad s
ool S, g (Eghan (g o)l (il )5 ael 5o o ks 4 bgie g 5 4 b

S LRV

Bar aiws oolatwl LB ools g, iws g Judod s sledis, «igd oo ddgi Vb Ceps g o> b a5 Slaosls (gl
(Judow g wsloanss &Sl )l aools M ae) ;o sl sla Sl jo aS Conl (glasd in sloeiy ;651 g 5,855 (B8 e o (ol Lol
o8b aile (Lblue oy cpl jo dbiwl) pl jo Wlosges dilel 1) s ools 51 gl pae 51 il zl 2l 5 (5,000
Sleolaul b S5 slaools sl yga,5 5 g daosls (b, « 5,5 slaosls lp (Shg zlpenl 5 ials lin slacsls

DS oo )18 oy 9,90 SKETCHING

A b yo by o
ools M (glawade —

ools (DS sl S5g O
ools M g5lwe 3 sla yig, O
Bl 18l (camgideliy Sowo —
00 & )95 e B O
oS cllS slapn 6l O
¢sketching) s;leJlo>! —
Sl o Plos g5 slp siledlex! O
(Affine s CountSketcha s subsampled randomized Hadamard Jo.) Las 35 acws O
SleMbl 6,55 p Glaosie —
YU olul 4o alie (BN slaools 8L —
alols slo,lae Sye O
YU olel b aslice glrosls o S lay O
(LSH) g9550 4 (ol (s5lopn o Jelos O
bosls sz B3l slapiysSll —
ol e b ools (b, S5 5l g)lo paiged O




1o/ yiguols (quckigo (5559 g i 3! (ol )15) (o & Wi

ol ol b bools b > SO 5l g4l pdiges
wosls b, SO Ho ) sl oo h,lels

Losls (> S 0,5 il
osls b, S plede yolie slass ol

o O O O

wools )by w3l jolie las 31 GBlxil s O
Laosls (S (5l (g 5le 2325 5 dmy halS (slopy o8I =

YU olel Jaze ©

SVD - s 8 sloloie 43355 ©

osls DS 6l CUR w3 ©
x> sools gadldy>  —

Goitigs 5V olel Jans O

> slrosls gl ile ddes gaiales O

e slmosls (sanaigs sl BFR 4,08 o0

e sloosls ganadss sl CURE o o8l O
oSl il ¢ 1,55 5 (loosls) adBI o S s slowss )65l —
bz 9 b e e g pee slrools gunaius —

Suddle e O

o anxis sla bg, o €ONCEPL drift) pgpin o5 ©

potde pdd jaaz 10 Sb > leosls ganaius O

Ol @il Cow d
[1] J. Leskovec, A. Rajaraman, J. D. Ullman, Mining of Massive Datasets, 2nd Ed., Cambridge
University Press, 2014.
[2] D. P. Woodruff, Sketching as a Tool for Numerical Linear Algebra, Foundations and
Trends in Theoretical Computer Science 10, no. 1-2 (2014): 1-157
[3] K. L. Clarkson, D. P. Woodruff, Low-rank approximation and regression in input sparsity
time, Journal of the ACM (JACM) 63, no. 6 (2017): 54.




1V /gl cwiigo (6559 9 b y! (il y15) (oSS O

(CES303) aid piuy 13810 55 (uooiiten | 1oyl & (1030 Olgie
a>lg 9 )0 £ o 4 w0 plge
’ Advanced Software Engineering ), ©
C_RER 0wt e (0959
O Lee O ssbe! paass s (09,0
O o5,k =)Lkb| e Y oy loss
O aobyybl / dlw, FA RPN e

S LRV

22050 50 Moz Glahyy ooyd (nl ) el Jle 5 cwaige b bL)) o 4t i el 4y 3l sl ) Soa
2 (S r2) Grpe Sleds, ) ooliinl 4 Gl o alox ] 5145 85,8 0 518 Con 090 JiBle 5 Sl 4 2 ol 5L S
(0993 R (e W T sz By, el (pwiie ssiluosly 5 ook el g a0 Jgamme b (3 ol oo

L030,5 oo (Brme Gl a0 g jlaisl w la gy (ol 68,50 Gl piY laylnl 8,8 o bl S g (9 9

1 ua yow b Lo
093l 5 S5 o3l Sy Cu e 3515 059 Ca e (Dl 45 > slasielanie p 5y 0 s sl0l

bils <ol 550 sleeds, —
Jyame b (giglgate —
15 e by, —

0593) p e Mg —

LS s (P95

1 g0l @i Com 1o
[1] R. S. Pressman, Software Engineering: A Practitioner's Approach, McGraw-Hill, 2010.

[2] I. Sommerville, Software Engineering, Addison Wesley, 2004.

[3] D. M. Weiss, C. T. R. Lai. Software Product-Line Engineering: A Family-Based Software
Development Process, Addison-Wesley, 1999.

[4] K. Pohl, G. Bdckle, FJ. van Der Linden, Software Product Line Engineering: Foundations,
Principles and Techniques, Springer, 2005.




1YY/ Somall quikigo (5559 g ol yf (ol y15) (oS S

(CE5304) aid yiin 05100 | 1 omwyld 4 (g yd lgoe

“>lg g oy £

Advanced Database

4 90 plyre

:wm.:.li;‘

R Y Bl 090
O tec O sobe! oaass Hldpd 99,0
O os— 5,k :ﬂf;ﬁ ¥ g olusy

O aobyybl / dlw, FA RPN e

S LRV

JrsS do STy Cu o assle ooloelSGl o pove lopivaw >k jo aid iy pealas b G,L..J oo Ol Slel Bos

el (5)"9-" Lgl.&o.)‘..\oli;k 9 04 259 LgLQooloalilL& (EXg ot

1o Jud oo g Lo
b STy Copde —
A1 poeae O

Sl Cpol> O

Srpidbye O
Srlpeeys O

G¥gyep S —
SIS (e )5 S8 IS5y O
Sl ez O
ooy g8 O
glas > 0
Cemin JS 0
gsyols, O
Gk s >0 O
lale gaigpee O

Py
ools c)L:J‘ 9 Uas 6‘9"‘ (@)
BBy Cd g Sle mei O

Ll dxao O

Wgyped o ST i L puey O




1YY/ 5gmals (wigo (5559 g o 5l (il 4 15) (oSS ONwaxd

Abepse O
Sws gl 0
oS 48,y 98 O
)b Sz ahis ©
el ol O
Ubw & loxe
Sreie O
-8 o
Silse Solexe O
0l 22395 e O
ol @y je8 oolooll,  —
03l i g 00l IS O
cudlas O
odd @55 AS15 O
ST od gl s dSSsn O
Lleply ©
Sy yed JyS O
S (2 JS O
OO vy 3 O
00 & j95 Camly> 8 O
Silge oalool L —
POUSIP . YE VEL ¢ e
S JS O
Jlail 5 5luiye g5l O
Sledbl oLk g ad i slog> g wp —
sglSesls O
S0z gloo )5 5 aidyiny slaosls glgil —
S g loj oaloe L, O
oy ST Al
Lok~ ©
5,00 5 hol alisl> oS3, ©
SYsb sl sl o

mlfw ools ol.f.sl.' (@)




\Y¥ / ﬁwU@vw(gﬁésﬁ)‘wm)U)Maw

160 leaiiny @l Cow pp 8
[1] A. Silberschatz, H. F. Korth, S. Sudarshan, Database System Concepts, McGraw-Hill,
2011.




1Y0 / ygmols (owinigo (5559 g oyl (il )I5) (noSS SMvare

ooty &l Slegige ol it Jlos > sl LIS slop 55 5

(CE5305) 5luwlxe dwasd | 1 ow)yld 4y (g yd ylgs
a>lg 9 o £ . 4 w0 ol
i Computational Geometry _ ©
1 eSS
C_RER 0wt e (0959
O les O sl sz Hlipd (g0
O oc— g :ﬂf;ﬁ Y a1y olows
O aobyybl / dlw, FA RPN e
S LRV

oslo ezl b ol goeiils LS,LMJ ooy ool 3l Bas

Loslooll ¢ ¢ oldlyam SleMbl (glpaimpn « 3L, (6 3 gunalS SIS aloz 51 SouslS pole slroje> bl jo oy ol o

"\")'“fg_g‘ )‘)3 oolaw S,94

b fad o b ol
w2 Gl Ollas dondo

ol oo )5 5 cwain 55
bshs iz g gblis
59,9 Hloged
‘Ssyo (5"\-;-,’ P EX
ol so g5 5 b 5, asbp
bl oS
. \A_;?: 6&;_3 - &
Slosk o
e slaools ezl
90 Sl Bl 9 &5 > 5yl

[1] M. Van Kreveld, O. Schwarzkopf, M. de Berg, M. Overmars, Computational Geometry

Algorithms and Applications, Springer, 2000.

[2] J. O'Rourke, Computational Geometry in C, Cambridge University Press, 1998.




\YP [/ ggmols (owinigo (6559 g oyl (il )I5) (noSS SMvare

(CES306) (silge sl yo5! | :omyld &1 (w30 olgie
a>lg 9 oy £ . 4 00 plge
Parallel Algorithms _ ©
:M‘
WL mpny ke (99,0
O los O 6ol aass Slie® o950
O lac- g ki :’Lﬂ‘“”' s R RV
O acbipybl / b, FA sl Sl

S LRV

ooy ool yo sl Glse slo SalS Jo 1>l (ol w.’;_lﬁill ‘5’>‘).|a u;i>9§.> L obgzeiils joges L] ooy ol sl Gae
5 pleol alax 5l gouxin oo )5 6l (silae o ol (b uoren 5 (silee Dlale slo Jow 4 by e ol

Dgd s 0dls idgy BT Pl uizmes 5 goae Pl S o o 050 (g5l

A Juad yoo by &> so
Sslye slapt oS Glaoade —
Slae Slawles gl ool Jow & O

Sl Slapin, s sl (Sdazm sbasles O

Sl Dlsle sl a0l sLLad ©

Silge sl pols slp b (bl oldee ©
Silge Slslxe slaJos —

Silye S FgealS (sl 8 anail O

SIMD (sjlge sl gunals (soainls ©

MIMD (5lse slo yganalS’ ganaile ©

Butterfly ; Hypercube , Shuffle-Exchange  Mesh ale> 5l laoassls 5 Jlas! slasiglergs O

Silae sl yigmals o by bl )l sla Slee (g5lwosly O
oolws (g3lge slapi sl (i —

g @]

aslabos wizr 2L3)l O

o le SG ool anule O

ol SG plg dle O

LS sk, ©

Silwdpe g pledl sl (s5lge slapss 555]




WY/ Sgmels untigo (5559 3 kb f i ) AunS5 &Y

oS w).o ‘_SLQASM-W O
Gz sbosisles L SIMD (g5lse s gsls 6l b O
MIMD (jlse sloiseelS sl > O

e yilo oy Sl S5lge slop,ssl —
Gz slosisles L SIMD (g5lse s gsls 6l b O
MIMD (5lse slo igeels sl b O

sose Jluo slp s5lpe slapn 65l —
w9 BA> 5 il s SYolae Jo o aiS 5L Yol J> O
Gl sbosisless L SIMD (g5lse sl gals 6l b O
MIMD (5lse slo igeals sl b O

SIS Plawe lp silse slapm oSNl —
4.....05(5@9., Q_">).>9‘J9|@Ia_.;(59.?v_’;m:.> ‘Jg‘&o.c(_gg.?r.’;w.? O
calises slasislans L SIMD (ilse sl 5seals sl (b O

MIMD (s5lse slo i5eels sl b O

150l Zalo S 0
[1] M. J.Quinn, Designing Efficient Algorithms for Parallel Computers, McGraw-Hill, 1994.
[2] D. P. Bertsekas, and J. N. Tsitsiklis, Parallel and Distributed Computation: Numerical
Methods, Athena Scientific, 1997.
[3] S. G. Akel, The Design and Analysis of Parallel Algorithms, PKI, 1989.
[4] S. Ibrahim, Algorithms and Architecture for Parallel Processing, Springer, 2017.




WA [ Sgmels untigo (5559 g i f i ) AunS5 &Y

F(CES441) gyl by | 1oyl s (oo lane
9>lg g )0 £ . 4 0 ol
Cloud Computing ) 1’::’
. O wy Sl (999
O s O bl paaxs Hlded (g
0O ~ 6 :)L“-”| ) Y HCAPIRINEY
O aebigbly / allu, FA O RS

LS;L‘“)js) LY w‘ W) ‘J.’ju\a Lg).,g.....alf LQLDW“"““'“" 6)[.0.&0 U’“‘")f M)‘ LSM:L.“:)[S Ml.’).: )d u,a)é u.:‘ &.AJLL?.A J.,ASJ.MJ sk

S LRV

sleslu g oy opl ol 6l (bl ps SO oains ST slo i g padlie Faos S0 obul ujo pl Gos
Solone l8la s 5 5ot 5o 53l Gladyiny (Bime 4 g 05 o0 518 4z i 0,50 Wil (655 5 0l lapians
ol (Siglz peizes Sgboe A3y 6l Glaptans ;0 (cmgiteliy Bu> pealis  esslSe 5 o)l et

Nsd oo oy Sl damee ;o )093 00ls S1he g iyl laasd )15 sla 2dS
by wls 50 )lse )0 (emlie i WHNKG pw Sty Sedige LIy oo (nl 45T Shgamils
calizeo (5o )5 (sl (6l (L) pacw sl Shg Ll o wdige s s @

b ol 4 51,8 sbooolainl gl slabgs slo gl g rsloaisls y v Jul oS> @
Ll slacase ajlse 5 pl Slomagym Blises polaws @

Gl ol o gmmgiaslpy o palec @

1 o s by oo

a5 5 dedie —

Sl Gl 2 glaesie —

ol gl 5o pdy el LI, —

(SaaS, PaaS, and 1aaS) ! (b, ;o cwas slbJos —
Ao sibesie 5 @il eile —

Sy s BWbly slp et gloJae —

Sy o238 Glpimw slp )Pl S oo —

Sl St ;o ol —

S35 S50 9 Sl e 28




1Y/ Samals (quign (5559 g vl 3l ouilis )5) (ShuoSS M

Silwo e 5 bl byl glese (b —

(Job scheduling at scale) Yu wlis ,o gousbe; —

(Borg and Kubernetes aul) o Sllee slodiges 725 9 YU oobio 10 00ls 35110 polie Copie —

Sleas (998 solaidl Jao 5 )5 pl —

server-less ) |iXieas g olwlxe ¢ (€AgE COMPULING) ad o Slewbre Colo 5 lasdie —
(computing

(5 litoy oo w08
[1] R. Buyya et. al., Mastering Cloud Computing, Foundations and Applications
Programming, Elsevier Science, 2013.
[2] D.C. Marinescu, Cloud Computing, Theory and Practice, Morgan Kaufmann, 2013.
[3] K. Chandrasekaran, Essentials of Cloud Computing, CRC Press, 2014.
[4] Selected Papers




\v. / ;mwww(gﬁésﬁ)‘wm)U)Mcw

(CES321) aib ity Jole (gboppimnmns | iquyld & (00 Glgie

“>lg g oy £

4 90 plyre

Advanced Operating Systems _
1 eSS

W5 Ot Lt 09950
O tec O sobe! oaass Hldpd 99,0
O os— 5,k :ﬂf;ﬁ ¥ g olusy

O aebigbly / allu, FA O RS

S LRV

Spiacw Jold )0 (ol Cdlas igh oo Eou bl e slaiegh g Jole i a0 ad i Cdlae o (pl )0

A doles aiag gbpigw § Cblas (ol ST Cllild ((o5le aASLS ool &u 588

b had pw b coleo
Jole g gl il —

‘_;ﬁ;xili’;l O

sl O
xSy O
Srddawg O
Sloaislo paiz slapisw O
O S lens sl blepiunn )lore —
Slaess b O
0dd 23585 SBptas O
el § (RISl (bl (gl Jole gt (g5lore —
Silesslre —
Bl Glyyl g gillaz O
sl Sl O
$ 08 Gilwile O
Folepns LS 05e —
bawey, O
Slws > 0
0315 &y (g3lge (g s (gl Jolopinnns (g lone —
Jole i o 55 (ST onijloy Copae —




1P/ yigmols (qweigo (5550 g Wb 51 (i 4 15) (oS O Hwarnd

ools 35100 g il o pulis (38 ST 2l 4y —
$laSs slaolepinnns —
Sy ok LB slapiaew —

Jolepinn mhv ;0 555l Copae —

1 lidoy Bboo o 0
[1] A. Silberschatz, P.B Galvin, and G. Gange, Operating System Concepts, John Wiley &
Sons, 2013.
[2] Selected Papers




1YY [ 5gmals (wigo (5559 g o 5l (il y15) (oSS O

(CEDB322) i pis ysluolS | zigmwyld s (oy0 ylgie
a>lg g )0 £ . Q)8 plge
€ Advanced Compiler . ,:’
C_RER 0wt e (0959
O les O sl sz Hlipd (g0
m T :;L.».-’»’-';' e v 1oy oluss
O aobyybl / dlw, FA RPN e

S LRV

gl oo bl gilwaige slo by, elgl uied 5 o olme Judou « le slaaS og S 4 e

1 b oo by e lno
LALR SLR LR a5 sleiy, —
Sl 85 505wy —

Socie slo el 57920 olul a5 =
Oeile 0 il g g (rdle 4wty (gilaige —
o, LLol Llals —

160 lemiiny 2alo Gy 8
[1] J. P. Trembley, P.G. Sorenson, The Theory and Practice of Compiler Writing, McGraw
Hill, 1985.
[2] P. Rechenberg, H. Mossenbock, A Compiler Generator for Microcomputers, Prentice Hall,
19809.
[3] A. V. Aho, M. S. Lam, R. Sethi, J. D. Ullman, Compilers: Principles, Techniques, and
Tools, Pearson Education, 2006.




1YY/ 5gmols wiigo (5559 g o 5l (ol y15) (oSS ONwaxd

(CES323) Juo (ow)ly | o yld & (wyo oylane
a>lg g wyd E93 . A w o olea
o2 s Model Checking . w)/:’ =
WL mpny o 098
O ko O bl paaxs Hlipd weyo
m T :;Ln-’»’-';' e v 1oy oluss
O aobipbl / Al FA el Sloss
S LRV

oo opl il Sledlbl slapiuew sla Shy b))l Glp g (s 98 ppdz p 5l SO Jde o)y

Sl 550 sla Shy oy 5 bptucw il ]oe laie, b Glisails .3l oo Ll Joo (ow)ls ool b 1) Glsaeails

o0 0315 (5lo S5 g piaaw o LT AT Sgai oy diopllss g0 A g5 so 4393 W3g0] co g oo LiT lagiacw ol

gl oo il 523 sl g3lwosly 5 Jue (o)l

1 Juct s by oo

dodde —

G2 (TGt )D D59 72 5 potRe O

Joe sw)ly sleaaxis ©
Lt Gl Joe —

NS Gl O

Lalj;?‘ @)

S¥g e O

S yide aladl> 5 b 5l LLS I O

U5 lagims

e g5lusilse O

> gl il e ©
b0l sl Sy —

hobes oSy 9 51 O

@bl g Gl sla SRy O




\Yf / ﬁwU@vw(gﬁésﬁ)‘wm)U)Maw

et slo S5y —
olie clbaalS g5, 5 blogil ©
phie ool Gl Sy Joe ow)ly O
oLl claasls g5, s Llogil O
bW sla Shyglapl; O
e stlbgl O
phie- W la Sy Joo ow)ly O
2 sla Shy O
95 O
‘S.,JLWL._M 0)
o S5y hogs O
(LTL) b3 ol shie glisblogl wjls O
JES NG
b Sl shie L (CTL) aulre e jo hie olo el awslie ©
CTL Js.\.n st)‘s O
(ol & jg0 4 CTL Jow )y 2ldd (w)ly Soume O
CTL* o
eSS Slegoge  —
Oopdole g wyms O
RS oeals o
Joole; clablegil ©

1 g9 ltpiiony @i Com 10
[1] C. Baier and J. Katoen, Principles of Model Checking, MIT Press, 2008.
[2] E. M. Clarke, T. A. Henzinger, H. Veith, R. Bloem, Handbook of Model Checking,
Springer, 2001.




\YO / yigmols cwiigo (5559 9 o )l (il y15) (JuoSS SN

F(CED528) g 5o wledbl b5l g goimer | 1oyl &4 ()0 olgie
9>l 9 wyd EF Web Search and Information 4 00 plge
Retrieval WAL
WL 0wy St 99
O Lo O sl aass Dl (weyd
O Lo s,k :’Lﬂ‘“”'  nd S VRN
O acbigbly / alu, FA T RS

Gl Sleszey @ Cesl ool (agas Sk 9 egman (h9a IS abl (el by jo s cnl Gl Jab e

sl Sl g (psran Goem o) elid )5 iy o (] et @ bgte 5 o 4 by
S LRV

Al jidu dw )0 s Sl ghate fred 4y cwl Sledsl bk anse; jo hgmasle Sledbl &S wye pl Bas
(90 LiBu 50 09 oo oy 2 Jlozl A gzt o550 0lST 5 odis B yme ledbl bbb eualis dosl jo 0l salgs
1S o igdon (B oedle 6250k 5 Gb e (e laoe dlea 5l DleMb] Dbk 4z iy sla o
slaaSed 5 (Sby Joo p (e W slaghy) 5 oy p GBSl @il pae plaie cod DML (SL L SIS 0 e
sl sbaygige g Sledbl SL5k a8 yiny 9 05y Lo )l pow (A )3 W85 (o0 (B S (l S Sl (orae
Foly 9 Gy Slapiasns (DIMb] gl il i (lugand grine Olown iy Saror laptu dlex

5 (50 )8 o2 0590 sl wiz DMLl b3k 5 (Jlioms laalbuls

b Jad o b ol
Sl Uk glassie —

> sl ygige sl —
gz $a)5ise Ak sl il —
7 loww pp slrosls Jd>s —
g Glow p olpiiy —
Sledbl ob3b 4l oy, » gy900
deslJus ©
Sl g slad slo Joo ©
Vs glaJoe ©
oledbl Sk e obs)l sl sy, —
S JUYRONRITS B e

=5 byl o




\vy / ;waw(gﬁésﬁ)‘wm)U)Mcw

b5 Joe p e Sledbl Sbsb

G e, lp e pSol Jao —

mas Sed p (e Sl SL3L —

SE3ls Bl pae JSie S sloty, —
g Hlowspy (S p e sla g, O
B L Jeled p (G slaghy, O
e sl Ot Jao sy g2 S ydpe paii Jha stz 3 Ja) Sy Jae g en sl O

(Kly

Saroy gt —

Ml 2Lk 2 (e 50 Slaptrs 2 G090
Shils gy O
sbop> O
> il gazd O
by om oMbl 2Lk o
Gl g Gl g Slaptanw O
SleMb| zlZasl 0
Jlezws slaslels o
asdl jbsle gt 2Lk O

slale; e wledbl oL3L 0

Ol @il Cow d
[1] W. B. Croft, D. Metzler, and T. Strohman, Search Engines: Information Retrieval in
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[2] R. Baeza-Yates and B. Ribeiro-Neto, Modern Information Retrieval: The Concepts and
Technology behind Search, ACM Press, 2010.
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[1] M. Harchol-Balter, Performance Modeling and Design of Computer Systems: Queueing
Theory in Action, Cambridge University Press, 2013.
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Evaluation with Computer Science Applications, John Wiley & Sons, 2006.
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UML, John Wiley & Sons, 2003.
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Professional, 2003.
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[1] R. Harper, Practical Foundations for Programming Languages, Cambridge University
Press, 2012.
[2] B. Pierce, Types and Programming Languages, MIT Press, 2002.
[3] J. C. Mitchell, Foundations for Programming Languages, MIT Press, 1996.
[4] G. Winskel, The Formal Semantics of Programming Languages, MIT Press, 2001.
[5] B. Pierce, Advanced Topics in Types and Programming Languages, MIT Press, 2005.
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Press, 2004
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[1] P. Brass, Advanced Data Structures, Cambridge University Press, 2008.
[2] D. P. Mehta, Handbook of Data Structures and Applications, Chapman & Hall, 2004.
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Cambridge University Press, 2007.
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Pearson, 2011.
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signals, IEEE Press, 2000.
[3] X. Huang, A. Acero, and H. W. Hon, Spoken Language Processing: A Guide to Theory,
Algorithm, and System Development, Prentice-Hall, 2000.
[4] T. F. Quatieri, Speech Signal Processing, Prentice-Hall, 2002.
AV (Gl oMbl Jlalyol LS a4 (e ool asliiingly «mmled (Gagadese [a]
AT Sloy oMbl Jll g LS 5095 cwliinsh aslicmngyy o ol s [£]
[7] D. Yu and L. Deng, Automatic Speech Recognition: A Deep Learning Approach, Springer,
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Signals, Wiley, 2000.
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[1] R. Siegwart and R. Illah, Introduction to Autonomous Mobile Robots, MIT Press, 2004.
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