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(Computational Neuroscience and Cognitive Psychology)
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(Machine Learning for Predictive Maintenance)
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(Digital Twin in Industry 4.0)
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(Digital Audio Signal Processing)

*
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(Thesis)
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3.4  A"95UTs187YN

03603511"

03603512"

03603513

dana3Nuaszu 3(3-0-6)
(Approximation Algorithms)

dommemamneiian Wufiauysal sasdudessanm saneifinds
arluy nsAunanIzd fvuanisnada fvuanisdadu nistaen weuns
Uszanadlunamuuy slnsdia-nda nmsienulyl anuginvesnisuszunm nged
UNAER A ennLefiond

Optimization problems. NP-complete. Approximation ratio. Greedy
algorithms. Local search. Dynamic programming. Linear programming.
Rounding. Polynomial-time approximation scheme. Primal-dual method. Tree

embedding. Hardness of approximation. PCP theorem. APX-hard.

NN5EBNLULAaNETHUTRTE5TIN 3(3-0-6)
(Ethical Algorithm Design)

Tynidasesssuludanedfiu deyaisun enululsudnnue any
Wudwdadioyius nalnaivany nalniavdimds anudusssudedanediiu anu

a

Fruflossninaywd-Uygywssfng Tyardseiuvgieduisld asianuld Ay
Tusslanazausuiingou

Ethical problems in algorithms. Anonymous data. k-anonimity.
Differential privacy. Laplace mechanism. Exponential mechanism. Algorithmic
fairness. Human-Al collaboration. Explainable artificial intelligence.

Interpretability. Transparency and accountability.

Vo unuTEane3ny 3(3-0-6)
(Algorithmic Game Theory)
nseenuuunalnidedaneiiu nalnauaela nsuseyauaznagniieu

=l

sewaseudUlny inudsing wainvesny Sanedfiuuiuimiinninu aasnin
LUBLAZAABATNWUUTANFURLS nu]undduing AuduteudeRIuIng e
ARBAT AINENYSIATDRA

Algorithmic mechanism design. Truthful mechanism. Auctions and
dominant strategies. Price of anarchy. Potential games. Game dynamic.

Multiplicative weights algorithm. Nash equilibria and correlated equilibria.

" s1edualvd
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03603514°

03603515"

Minimax theorem. Computational complexity of equilibria. PPAD-

completeness.

NOUNTTHUSITIAUIN 3(3-0-6)
(Computational Learning Theory)

WUUT180INSITEUS N1SITEUTRUUTLET TATY Aududoudeiiegi
NSYAR LUUT1aeIMIAULEIERa dnneininnesuusly I5eesiua n1siseus
wuveeulal MaFeuiidegn massuiiuuga maseuiiuuaiuusaezdym
LUufn AmnuenBsiunueinsoud swidedunguinisdeuiideuind
\utlagliu

Learning models. PAC learning. VC dimension. Sample complexity.
Boosting. Statistical query model. Support vector machine. Kernel methods.
Online learning. Active learning. Bayesian learning. Reinforcement learning and

bandit problems. Computational hardness of learning. Recent research in

computational learning theory.

ANSAUNALATNITATUINLTIAIDUAY 3(3-0-6)
(Quantum Information and Computation)

Ale sruunraeAidn N1SWINLLEIRIBUAY LNALALINRTTIAIDUAN NS
dhsiadsaoudy mstedeudieifinieudy Sanesiudsmoudy miFeuiue
wieadernoudy nsudladefanarndemioudy nMsiandsnsuduuuny
AAANSBs Muunminast sAdemeiumssnadsmeuduiiduilegiy

Qubits. Multiple-qubit systems. Quantum entanglement. Quantum
gates and circuits. Quantum coding. Quantum teleportation. Quantum
algorithms. Quantum machine learning. Quantum error correction. Fault-
tolerance guantum computation. Threshold theorem. Recent research on

quantum computing.

" eAralvd
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03603523

\dotnenaulnasiugs 3(3-0-6)
(Advanced Computer Networks)
wuudaetveueietis nfetiedinesidn nsedvd wethesiiaviesdy
wasiow nslnpeadumedilln wdevrelali msfumidunidluniotis anusiuag
Uaoafoaaaietng nseenuuuaIaMIIASeTENsAnRIsEUIAS DT
Network models. Ethernet networks. Switching. Virtual local area
network. Internet protocol. WiFi network. Routing in networks. Network

security. Network design and management. Network Implementation.

el Saneuazindounduga 3(3-0-6)
(Advanced Wireless and Mobile Networks)
& v 2 o o 4 Al

wwIednelidmeuasindaun wuudnasiwenniavis nsatrielilv Arw
o ) & & ¢ ¢ a0 o = = s oA
funsUaendevaaaievielli indetiewadgans lefigud 4 wuuindeud lefisun
6 wuuipdoud Insneoaidiiuazgyin Inslvaoavedlusunsuuseynd nseenuuy

a 5 < 1 1/ dl d
wazmsAnnaesavelfaeuazindoun

Wireless and mobile networks. Network model. WiFi networks. WiFi
network security. Cellular networks. Mobile IP version 4. Mobile IP version 6.
TCP and UDP protocols. Application protocols. Wireless and mobile network

design and implementation.

Buweiilnvasassndaduas 3(3-0-6)
(Advanced Internet of Things)
assndslazmatende gunsainTadu Minsedu use lulasreulnsaiaes

Ma@gulisunsudmivumesidnvasassnds n1srwinienduagiuunguie

i
=

nsuszgndlddumesiinvesassndsluningsin nsimulegiudumesidnves
assndaiionsdn  nseenuuulazindsldusyuleled

Things and connections. Sensors, actuators, and microcontrollers.
Programing for internet of things. Edge and cloud computing. Internet of things
applications in business. Internet of things solution development for

commercialization. loT system design and deployments.

" e dalu
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03603531

anusiuasUasnfeuunaTin 3(3-0-6)
(Cloud Security)
Fufidoadounniou: 03603552

wurAnAUTuAUaeAfEULAA1IA LULTIEaIUsNSARNIR AYANAAULAY
ABIUVUARTIA N1TAIANTTAIAULAZNITLIAG MssHadudayaluanmwndeu
uuAa1A Midanisuasmsdaiungus nmsdesiudeyadiuyana nsnovauas
siamammmasmw"mm‘smﬂm?{m nIBUNVIELazN1TUNURA Y AusTuA
Uaandeluanmnuindeunuusiafinaniduazaansuaunaiy anuiunsasnsioved
lelofiluszuvaanid walulafuazuuiliulndifeafuanuiunsasadouunans
n1sUssyndldnisidisiadululaseadiefiugiuesnand wiesdioduainu
vaansvangliuinsaand nuideuasnisuszgndldaienuniusiunsaonsy
UUARIA

Cloud security concepts. Cloud service models. Cloud threats and
vulnerabilities. Identity and access management. Data encryption in cloud
environments. Key management and storage. Personal data protection.
Incident response and risk management. Legal and compliance frameworks.
Security in multi-cloud and hybrid cloud environments. loT security in cloud
systems. Emerging technologies and trends in cloud security. Cryptographic
applications in cloud infrastructure. Security tools from cloud service

providers. Research and real-world applications in cloud security.

N1T90NLUULAEANUIATWITUTINTY 3(3-0-6)
(Programming Language Design and Implementation)

NeRNLUUNTWILUTUNTY MNNeFUTUSWAZRIINMERNT SuuTlintaya N3
INTHUIALTILaETUEYIIY BumeinSinesuarAsulwaDs EﬂLLUULmu%‘u
nannaznsadaldn msulamdnasnisulanuusiuiaiwen nsEuIuRAtnIs
Tusunsuwuuiandu wWadng wazkuunsauiy wanlusunsuds N15e8nwuunIY
lwizlaimu

Programming language design. Syntax and semantics. Type systems.
Memory and runtime management. Interpreters and compilers. Intermediate

representations and code generation. Interpretation and just-in-time
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03603541

03603551"

compilation. Functional, object-oriented, and concurrent programming

paradigms. Metaprogramming. Domain-specific language design.

aonnunssuvandsvensvunldas 3(3-0-6)
(Highly-Scalable Software Architecture)

ANTIATIZRLAZUTINIABVINLDI5T U Wuunuandnenssuiionany
wiaaldeugs msdanisaniugluszuunssane nisusunaluanuasnisesniuy
JEUVAING ﬂ']i‘lJ%’U“UEJ']EJLLaxnﬂiLLﬁdw’l‘gmg’m‘ﬁmﬂa m'iﬁi'm'l'i‘t’fagamumzma
THUULATLAZAIT AN NNSEONLUULTIBS BT UM LEUIMAI VBT LY ﬁugﬂumwﬁ
YDITEUUNTEANY NMINTINFDULAZFUNANISAITTULTUIN e anninnssuuuuLu
fiWmana nsdifinyiuazUseiunuAsugmansuaInIsueIsT Uy

System bottleneck analysis and mitigation. Architectural patterns for
high availability. State management in distributed systems. Load balancing and
global system design. Database scalability and sharding. Distributed data
management. Caching and messaging systems. Designing for system failures.
Theoretical foundations of distributed systems. Observability in large-scale
systems. Cloud-native architecture. Case studies and economic issues for

system scalability.

Inenaanitoyatugs 3(3-0-6)
(Advanced Data Science)

Foyadifgs nguisdmouwuelug msarsuuudy Usnldesfimnzauiign
NSWENANGINANT NIsRukUUEukasdlguIAev dane3iun1sinduRuTaNg
wuudasnisieudvennies maiFoudieduugihng deavgy Sanaiiiu
dviudeyalianszua MIdangu

High-dimensional data. Law of large numbers. Random projection.
Best-fit subspaces. Singular value decomposition. Random walks and Markov

chains. Page rank algorithm. Machine learning models. Learning with expert

advice. Algorithms for streaming data. Clustering.
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InensnsiaduLardanaINiuuLeT 3(3-0-6)
(Cryptography and Hashing Algorithms)

NANNI9LUNSAEAY NS SHAAULUUANNIASLAZRALLING §aN03TINATS
drsadunuusady sanedfiuney nalnnisuanideungue anefledofdva
Tnssadanugrungueasisuy aruaeadevosdanesiumsaidiswadu nisloud
wazamsnisesiu msuszgndldlumnuaenievesasatiauasansaune

Cryptographic principles. Symmetric and asymmetric encryption.
Classical encryption algorithms. Hashing algorithms. Key exchange
mechanisms. Digital signatures. Public key infrastructure. Security of
cryptographic algorithms. Attacks and countermeasures. Applications in

network and information security.

MSSBUTUUUATUT 3(3-0-6)
(Reinforcement Learning)
NS BUSLULESHLTY nszuumsandulaunsaen wameuuliddduea

ad ¥

wazuudsliaa msmuauuuuliBduee maeuiiuueiuusadain Fagnsei-
finsal mamesnsfigavesnleuts msdisauazussaslanisly ssuunanssh
N3zl MsUszenAlULarUITBAUNITEUTUUUIETULTS

Reinforcement learning. Markov decision processes. Model-free and
model-based approaches. Model-free control. Deep reinforcement learning.
Actor-critic methods. Policy optimization. Exploration and intrinsic motivation.

Multi-agent systems. Applications and research in reinforcement learning.

MIUSLIIANANTHISTTUYIRAIENTT UGN 3(3-0-6)
(Natural Language Processing with Deep Learning)

wnmaia Liensalnlituduuiunuasnsueniisiest leadiu sukuy

2
o

TUgIwaNATaYIgUTEAMLULINNGY NS uaresies n1sHnluean s
Ufudrogaliuszaninan nsilisuiiigularn1susziung N1IMBUAI0IN N3
wan1w msatndeya n1smiuvieunuimi@nnumng n1suidyminissnsds
H P P
FruaznIsIvoNluLoUnR
Word vectors. Context-free erammar and parsing. Sequence models.

Advanced variants of recurrent neural networks. Transformers. Training
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03603563°

03603564"

03603565

language models. Efficient adaptation. Benchmarking and evaluation. Question
answering. Machine translation. Information extraction. Semantic role labeling.

Coreference resolution and entity linking.

msiFeuveaninadefiing 3(3-0-6)
(Adversarial Machine Learning)

wuudiansaifeuveanies nslauddeufinyd nmsvuidoudoya
Methadauing nislanfwuuimuadmung mslaufluunaaddn anImynumiy
W Uny msiusesanmnumudliing inseveujindideiniauaznns
Uszand cuddedunsouiveaeieadaufindiiiutlagy

Machine learning models. Adversarial attacks. Data poisoning.
Adversarial sample. Targeted attacks. Black-box attacks. Adversarial
robustness. Adversarial robustness certification. Generative adversarial

networks and applications. Recent research on adversarial machine learning.

WUUABDINIWIUUA INEY 3(3-0-6)
(Large Language Models)
anmenssuvesdlumaniwvunalng ALEWsH ATUATIY NMSIAUTIVTIY
WarN15IANITTeYa NMTETIMUUTIADY NTRNHY AINVLIL N1TUTULRIBENS
azldun M3Usediu Anuasasdy nMsuiurun msuiuiganudaiens
Large language model architectures. Capabilities. Harm. Data collection
and curation. Modeling. Training. Parallelism. Fine-tuning. Evaluation. Security.

Scaling. Adaptation to downstream tasks.

wuudnaesfaidegn 3(3-0-6)
(Deep Generative Models)

IasevgUszamiiion n1sknuromuuTaoniile wuudiassesldsinge
@l nseuirnunsenlugen dudrsiadalulimdadsdu pavililwadidu
1A 1ATUeUfUn AN A WUUTIADATINGNIY LUUTIRDUTIALUUY N1T
Ussillunaluudassniidn Luud1asangeangilinsiiuy Wuudnanawususiune
wuulsiseifles wuudnasansaedmiuteyaluseidor msustyndliuaramide

Tuwuudaeanuiladedn
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03603567"

Artificial neural networks. Generative model representation.
Autoregressive models. Maximum likelihood learning. Variation autoencoder.
Normalizing flow. Generative adversarial networks. Energy based models.
Score based models. Evaluation of generative models. Score based diffusion
models. Discrete latent variable models. Diffusion models for discrete data.

Applications and research in deep generative models.

nsAnitldusstiuaalanndinm 3(3-0-6)
(Bio-Inspired Computing)

ganeIfuRugNIsN nIevIeUsEaifion dana3fiugun dana3viugs
oy Sanaiiursielsziug uifeagaluavinisiunildusedunialaan
P

Genetic algorithms. Artificial neural networks. Ant colony algorithms.

Particle swarm algorithms. Artificial bee colony algorithms. Recent research

topics in the field of bio-inspired computing.

UsgavIne A IMLaLIRINgIN1TIAN 3(3-0-6)
(Computational Neuroscience and Cognitive Psychology)
nsUseynaldinadanisauiaiumMsinnuleans N13aiawuUTIaeg
NHANAMANSTDINTLUIUNIN NGNS inATlANTTUTEINaNaTYad mTUN15ANY
aued nsUszenALLIMATaAalunsiul Mshn waensAndula nsysannis

a € @l

wuudnaeudawniudygyiussAvguarsruunmssus nsAinemgAnssunyee
AT AU

Application of computational techniques to brain function.
Mathematical modeling of brain processes. Data processing techniques for
brain studies. Computational approaches to perception, thinking, and
decision-making. Integration of computational models with artificial
intelligence and perception systems. Computational study of human

behavior.
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03603572"

03603581

mMIsguiveuATesdmiumsUIsinyIdeanisal 3(3-0-6)
(Machine Learning for Predictive Maintenance)
n1sUrgasnvdemanisal nsiiudeyasniguiwesuarinaianis

[V [

Uszananadyau Iemnssuaudnvardmivdeyadiduiaan n1suszynaldnis
Souduvuilfaouuarlififaeu madeuiidednifionsainnisaiongnisldau
puvde msUstllunauvuiasuazmshluldlulanats ssuuBsuivenaieuuy
Has JoRnsann@eseessalunsungessnvidannnisal

Predictive maintenance. Sensor data acquisition and signal processing
technigques. Feature engineering for time-series data. Applications of
supervised and unsupervised learning. Deep learning for remaining useful life
estimation. Model evaluation and real-world deployment. Embedded
machine learning systems. Ethical considerations in predictive maintenance.
Advianiulugmaimnssu 4.0 3(3-0-6)
(Digital Twin in Industry 4.0)

wialuladialouaiuazanannssy 4.0 mavwuuuudtae@daniu le

—A

pfiuardoyaninlufdInaniu Jygyruszdviuaznisiiouiveaniesdmiunis

U L

LY a o =

UFudgeadsianiu nsuszgndldadvianiulugaaminisy nsiasigvideyauuy

s

Sualnil nsysannisidvianiufusruudaludfuasiueus

Virtual reality and industry 4.0. Digital twin model development. loT
and big data in digital twin. Artificial intelligence and machine learning for
digital twin enhancement. Applications of digital twin in industries. Real-time

data analytics. Integration of digital twin with automation and robotics.

nsUszananadgy g asdesnidva 3(3-0-6)

(Digital Audio Signal Processing)

as

Auanuuzasdy1adsslulawunaiuazaud Miuwlasisesiazii

N909AAY A N159180UABIAEV DU NITHENANWULLIANIZVUFLY (NALANITER

dryayrusunau n1studadss nsUTzaraldenINa193 STUULEs LTI U
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n13UsrenAnITs U vaAs adlunurudss nsussenduazauifeaiunis
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Uszananalduanivia
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03603582

03603583

Characteristics of audio signals in time and frequency domains. Fourier
transforms and digital filters. Reverberation modeling. Audio feature
extraction. Noise reduction technigues. Audio compression. Real-time audio
processing. Spatial audio systems. Applications of machine learning in audio.
Applications and research in digital audio processing.
msdpuivoanostugdunmsuszananadiyg o 3(3-0-6)
(Advanced Machine Learning in Signal Processing)

2/
¢ o a

L4 = b4 o o ot =
LLU'J‘V]']Qﬂﬂ'ﬁﬂ'ﬁ%‘&j‘ﬂﬁﬂﬂﬂ’]'ﬂ‘iﬂug‘ﬂﬂﬂLﬂ‘iENﬁ’]‘lﬁ‘iUﬂ'\‘i?Lﬂ'i']%‘lﬂ fUIUTULN

= o

nspuidadndmivdyaruidudou nsdengulunulssinanadyyin N3

YU

3y
&

Seuiwuuidgaeudmiumsiiesgvidyy i weldansdnuundssandygin N3
Tinsgidayadinauandsiuil muszgndlflunsussaananmmnanisunng
Ns3Indeann wazn1sUszlanatayadNwuLes

Machine learning approaches to advanced signal analysis. Deep
learning for complex signals. Clustering methods in signal processing.
Supervised learning for signal analysis. Signal classification techniques. Analysis
of time-based and space-based data. Applicaticns in medical image

processing, speech recognition, and sensor data processing.

Ufdnfussenineuyudiuiniesinsuassiusudideanisian 3(3-0-6)
(Human-Machine Interaction and Cognitive Robotics)

waluladufuiudseninayudiuinieadns susudidannsian nsivd
LarMINBUALBIUDIAS SN IRENgANTTULAL AR Y nATALazuUUTIADS
dmsumsufduiusssninayedfuiniesinsedradusssuma mafeudveardas
Turueudi@anisian seuumsiuslunusunigansifn nswaussuUNIS¥ingId
sufussnaydiuiueudluanmwndeniivanvany

Human-machine interaction technologies. Cognitive robotics. Machine
perception and response to human behaviors and commands. Techniques
and models for natural human-machine interaction. Machine learning in
cognitive robotics. Perception systems in cognitive robotics. Development of

collaberative human-robot systems for various environments.
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03603591"

03603596

*

03603597

03603598

suidauIsNEMBAAINTSUABNNIMBS LAz SAUmNARERS 1(0-3-2)
(Research Methods in Computer Engineering and Informatics)

nanuazszifouiznimsidamaininTsureuianesuaransaumndans
msimssidguiiiefmunideuise m'mumwﬁanﬂmﬁlamimumumﬁ{fa
N1sfiMuUARIBEawazNATAIEN1T N1TIATIER wana Warn1399198l NaN1539Y
msdavhsenuienniiauslunsUssguuaen T Ruw

Research principles and methods in computer engineering and
informatics. Problem analysis for research topic identification, data collection
for research planning, identification of samples and techniques. Analysis,

interpretation and discussion; of research results. Report writing for conference

presentation and publication.

Fodamgmaimnssuneuianesuaza saLYARIAnS 1-3
(Selected Topics in Computer Engineering and Informatics)
FosamenaimnssunenfanesiavansaunaeansluszduySyaln
vitedeavdsuudadluluudaznianisine
Selected topics in computer engineering and informatics at the

master’s degree level. Topics are subject to change each semester.

FuNun 1
(Seminar)
nsuauenaraf uTewaded uraulanisiminssuneufinnes uay
aTauAmansluszauUIgIn
Presentation and discussion on current interesting topics in computer

engineering and informatics at the master’s degree level.

Ugymiiiey 13
(Special Problems)

NNSANIAUAIINIAAINTINADLRIADIULATENTAUNAAIERT LaziSoulSes
=1 o)
WeUUUsIEU

Study and research in computer engineering and informatics at the

master’s degree level and compile into a written report.
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Inefinug 1-36

(Thesis)

03603599"

a s o = =l =l =l & a = ¢
Fnluszauligv uazisouBsadowduinginus

Research at the master’s degree level and compile into a thesis.
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Learning models. PAC learning. VC dimension. Sample complexity. Boosting. Statistical query model.
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Application of computational techniques to brain function. Mathematical modeling of brain processes. Data
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Machine learning approaches to advanced signal analysis. Deep learning for complex signals. Clustering
methods in signal processing. Supervised learning for signal analysis. Signal classification techniques. Analysis of

time-based and space-based data. Applications in medical image processing, speech recognition, and sensor

data processing.
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Human-machine interaction technologies. Cognitive robotics. Machine perception and response to human
behaviors and commands. Techniques and models for natural human-machine interaction. Machine learning in
cognitive robotics. Perception systems in cognitive robotics. Development of collaborative human-robot

systems for various environments.
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Research principles and methods in computer engineering and informatics. Problem analysis for research
topic identification, data collection for research planning, identification of samples and technigues. Analysis,

interpretation and discussion; of research results. Report writing for conference presentation and publication.
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Selected topics in computer engineering and informatics at the master’s degree level. Topics are subject

to change each semester.

8. oMY

swandeanuivsngludundngas 4o 5.1.3

9. MINLAAHAANSNISIEEUFINWENGATH IV

seanduaniufivsngluiduvdnans 4o 3.5

139




1.AN. 2-1

wuULduavatlas1ed v lua

SEAUUMNAANYN
AAIVIIAINSTUADUNLADS ATIAINTTUAIEAT AU INYVAATIIUN

Frumihiein (vu.ussee-va.UfoRns-vu Anwidmnenuie)

1. SWaEIv 03603597 1
FoAn1wine Fuuun
o a s 3
YIUNNTEIDING Y Seminar

2. vwinivedlnaglumedvissiutadindnu i
(V) Fvenlundngnsimnssumansumiudin arviinimnssuneuiamesuazansaumnamans
) Avnendsdy
() Fvueniden
() ANUIMIEMTUNTNGAT. ..o T, s

v = ) 1al
gfifeaTeuninay Ll

o
Sy a ¥ W

Wdeaseuniouny il

(]

)

ar

4 ar o - i d = al
UNIANIIYIU AUN 12 1Y SUIAL W.A. 2568

o b RoW

Tngusrasdlun1slngeiv
6.1 ANUEIAYYURLTIEIU
pafmimanaluladlugedagduiudunaduilonnainesdruiildannsduauniddnnisves

@

Mty semail Msaduaivesdanuiazanudilalumsduuuidaennstsiauddyedisia 8nvisdinsaungu

flas21ouitidY MIMUNILITIUNTIN AAERTUMTUNAUBNAITITINTAIEINA RIS TTY wennd fiFeusle

Beuinannisiningaivings Andunisaalsabudanauaznisuansruaiiusgndiansugin sautelauinee
= Y] < € a o 2o

nnsdeas duasiludsslvvddomswanndnen nvesifeulusrezen

da X o oa
6.2 HaawsAAATUNUTER

HAGWSN13I3EUSTZAUTIEAY (CLOS) Naﬁwén'ﬁﬁﬂuﬁixﬁuwﬁnqm (PLOS)

Y & w a a I & v o oA o a v
1. AUALIIUIVUNINIAINTIUADUWINDILATFITAULNA | PLOS: Laaﬂ‘L‘ULﬂ'iawamiaumﬂLwanﬁﬁaugmamutamaz

Aanslantgnaes NN dnetwelleedrdlusednina

2. dauenumivseyndldosfnnnuianauddely | PLOL: unlgmnlianududoulugnamnssulavldninuivugs

viuniimnzauldognagnaas yImNTILABLRIma TuLaraTAuAmansagnadussuy

o

3. 3wndauideluduimnssureuiuneiuay | PLO3: UjUReuAdouaznumadmnssilneuaninnzdinuag
asaumamaniniouiiauensouwuIAnlunTaig | SaduuInImEaNITUsITHLEYATTUTUS SN AN

a9 inilddnnsdsenaulaogignies

140




nadnsnsieuFszausedun (CLOs)

HATWSN1TSUSsLAUNENGAT (PLOS)

4. Weusieauinindnislrnisiieggnaedlae

@

iaveasdfyuasianalseneuegdnay

PLO2: WRIU1B4A A1M MU AUTAINTTHARNAILADT LAY
ansaumAIanilaBeIAEnTEUIUN1TITBAGNADIAIUNAN

N5

5. dravonanunadvinigisedadnuniotaiusie

\
2 o w a

Usviudrgiietoalsenau

PLOA: Aoanswaiuauimnisunsuinnesuavansaunn
Aansluguuuumsilou e wazdeddvialaegadaauuay

WALNEALRIURANIVINS WS ERUTN RS DaNa

7. A15ureTwIn

msiauawaraiUMetanuiaulandninssurouiineflazasaumnamanslussauUTygyiln
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6. Combinatorial Auctions 3
7. Selfish Routing, Price of Anarchy c
8. Atomic Selfish Routing 3
9. Potential Games, Hierarchy of Equilibria 3
10. Smooth Games, POA Bounds 3
11. Game Dynamic: Best-Response Dynamics 3
12. No-Regret Dynamics, Multiplicative Weight Algorithm 3
13. Zero-Sum Games, Minimax Theorem 3
14. PLS-Completeness 3

15. PPAD-Completeness
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%a%mé’anqw Computational Learning Theory

1A1AS95783Y1 (Course Outline) Sruutlusussens
1. Introduction to Computational Learning Theory 3
2. PAC (Probably Approximately Correct) Learning Model 3
3. VC (Vapnik-Chervonenkis) Dimension and Uniform Convergence 3
4. No Free Lunch Theorem & Occam’s Razor 3
5. Mistake Bound Model and Online Learning 3
6. Learning with Queries and Active Learning 3
7. Statistical Learning Theory & Empirical Risk Minimization (ERM) 3
8. Boosting and Ensemble Learning 3
9. Support Vector Machines & Kernel Methods 3
10. Neural Networks & Deep Learning Theory 3
11. Bayesian Learning & PAC-Bayesian Theory 3
12. Reinforcement Learning & Bandit Problems 3
13. Algorithmic Fairness & Robust Learning 3
14. Quantum Learning Theory & Computational Hardness of Learning 3

15. Final Projects & Open Challenges in Learning Theory
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a4 a W : .
BIVRNAY  Quantum Information and Computation

1ANTAT9518797 (Course Outline) Ut lusussene
1. Introduction, Qubits, Bra/Ket notations, 3

2. 2-qubit system, Entanglement, EPR paradox, Bell's Theorem, Quantum key distribution 3

w

. Unitary transforms, Quantum eates, No-Cloning principle 3
4. Dense coding, Quantum teleportation 3

5. Quantum circuits, Reversible computation, Reversible implementations of classical circuits 3

6. Quantum algorithms, Deutsch’s algorithm, Deutsch-Jozsa algorithm 3
7. Bernstein-Vazirani algorithm, Simon’s algorithm 3
8. Quantum Fourier transform 3
9. Factoring, Shor’s algorithm, Discrete logarithm, RSA 3
10. Grover’s Algorithm 3
11. Limits of quantum computers, Complexity class of guantum computation, BOP 3
12. Quantum machine learning 3
13. Quantum error correction, CSS codes 3

14. Fault-tolerance quantum computation, Threshold theorem

W

15. Recent research on gquantum computation
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ﬁa%mé’anqw Advanced Computer Networks

W1lATes839 (Course Outline)

1. Basic Protocols and Models

2. OSI Model

3. TCP/IP Model

4. Ethernet Protocol

5. Switching Concepts, VLANs, and Inter-VLAN Routing
6. Redundant Networks

7. Available and Reliable Networks
8. L2 Security and WLAN

9. OSPF Concepts and Configuration
10. Network Security

11. Network Security Configuration
12. WAN Concepts

13. Network Design

14. Network Implementation

15. Network Management

Tinumbeina (@uussene-su U fURnns-asAnvenues)

3(3-0-6)

FUITNUSUTTEIR

3

w W

& -

EILY



wnlaseneivneividnlng nangasiainssumansuiiUmdn

A1U1IAINTTUADUNAADILALANTHUNAAENS

Snumiheina @uussae-dfidns-sudnudenue)

SWEIY 03603522 3(3-0-6)

Fodunwilne wiateliaiuuasipfouiiduae

A

Fo3wdenge  Advanced Wireless and Mobile Networks

1i11A593183%1 (Course Outline) Frunudalusussene
1. Qverview of wireless and mobile networks. 3
2. Network models 3
3. Wi-Fi networks 3
4. Wi-Fi Security 6
5. Cellular Networks 6
6. Internet Protocol 6
7. Mobile IP version 4 3
8. Mobile IP version 6 6
9. TCP and UDP protocols 3
10. Application Protocols 3

11. Mobile Network design and Implementation
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ﬂa"‘nﬂﬁdnqw Advanced Internet of Things

1AlA59318391 (Course Outline) Fruautalusussene
1. Things and Connections 3
2. Sensors, Actuators and Microcontrollers 3
3. Electronics for loT 6
4. Python Programming on Raspberry Pi 3
5. Advanced Python Programming on Raspberry Pi 6
6. Edge and Cloud Computing 6
7. loT Applications for business 6
8. loT Solution Design 3
9. loT Solution Implementation 3
10. loT Solution Testing 3

11 loT Solution Deployment
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Fodvndange  Cloud Security

1A1lA9318791 (Course Outlie) FuautalusuTIens
1. Introduction to Cloud Security and Cloud Service Models 3
2. Cloud Threats and Vulnerabilities 3
3. Identity and Access Management - IAM 3
4. Data Confidentiality and Protection in the Cloud 5
5. Data Encryption in Cloud Environments 3
6. Key Management and Storage 3
7. Secure Communication in Cloud 3
8. Incident Response and Threat Management 3
9.  Multi-cloud and Hybrid Cloud Security 3
10. Compliance and Standards for Cloud Security 3
11. Blockchain and Decentralized Security in Cloud 3
12. Cryptographic Applications in Cloud Systems 3
13, Cloud Security for loT and Cyber-Physical Systems 3
14. Emerging Trends in Cloud Security 3
15. Recent Research and Applications in Cloud Security 3
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%aamﬁdﬂnw Programming Language Design and Implementation

1TAseeAn (Course Outline) Fruautalasussens
1. Introduction to Programming Languages and Design Goals 3
2. Syntax, Grammars, and Abstract Syntax Trees 3
3. Lexical Analysis and Parsing Technigues 3
4. Name Binding, Scope, and Symbol Tables 3
5. Type Systems: Static Typing, Inference, and Polymorphism 3
6. Operational Semantics and Evaluation Strategies 3
7. Memory Management and Runtime Systems 3
8. Intermediate Representations and Control Flow Graphs 3
9. Code Generation and Compiler Backend Basics 3
10. Interpreters, Virtual Machines, and JIT Compilation 3
11. Functional Programming Language Features 3
12. Object-Oriented and Trait-Based Language Features 3
13. Concurrency, Coroutines, and Parallelism 3
14. Domain-Specific Languages, Macros, and Metaprogramming 3
15. Final Project Presentations and Wrap-Up 3

374
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FoAdenge  Highly-Scalable Software Architecture

1A11lATe518797 (Course Outlie) Fuaudalusussee
1. Introduction to Scalability, Availability, and Performance 3
2. Systems Bottlenecks and Queuing Theory 3
3. Architectural Styles for Scalability 3
4. State Management at Scale 3
5. Load Balancing Models and Global Distribution 3
6. Database Scalability: Vertical Scaling, Replication, and Partitioning 3
7. Sharding and Distributed Data 3
8. Caching: Theory and Practice 3
9. Messaging Systems and Event-Driven Architectures 3
10. Designing for Failure 3
11. Distributed Systems Theoretical Foundations 3
12. Observability in Scalable Systems 3
13. Cloud-native and Infrastructure for Scalability 3

14. Scalability Case Studies and Economic Considerations

w

15. Final Project Presentations and Wrap-Up
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¥oy9ange  Advanced Data Science

1AlA3951831 (Course Outline) d1uaudalusussens
1. nunupudziy 3
2. Law of large number waz Central limit theorem 3
3. High-dimensional data 3
4. Random projection UWag Johnson-Lindenstrauss Lemma 3
5. Best-fit subspaces, Singular value decomposition 3
6. Best rank-k approximation 3
7. Principal component analysis 3
8. Random walk waw Stationary distribution 3
9. Markov chain monte carlo, Gibbs sampling, Page rank algorithm 3
10. Linear Classifiers 3
11. Online learning, Expert advice 3
12. Boosting 3
13. Streaming, Frequency moments of data streams 3

14. Clustering algorithms

w

15. Selected topics in data science
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ﬁa"‘amé’qﬂqﬁ Cryptography and Hashing Algorithms

iniAsaTeden (Course Outlie) Fruaudalusussens
1. Fundamental Concepts of Cryptography, History, and Basic Concepts 3
2. Symmetric and Asymmetric Cryptography 3
3. Classical Cryptographic Algorithms 3
4. Hashing Algorithms and Data Integrity 3
5. Hashing and Secure Password Storage 3
6. Hashing and its Applications in Authentication 3
7. Key Exchange and Cryptographic Protocols 3
8. Digital Signatures and Public Key Infrastructure 3
9. Quantum Cryptography and its Security Implications 3
10. Cryptography in Network Security 3
11. Cryptography in Blockchain and Cryptocurrencies 3
12. Cryptoeraphy for Cloud and loT Security 3
13. Cryptography and Data Protection Laws 3

(8]

14. Emerging Trends in Cryptography

15. Recent Research in Cryptography and Applications
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ﬁa%mé’anqu Reinforcement Learning

1A11A59518791 (Course Outline) Frurutalusussens
1. Introduction to Reinforcement Learning 3
2. Multi-Armed Bandits 3
3. Finite MDPs and Dynamic Programming 3
4. Model-Free Prediction 3
5. Model-Free Control 3
6. Planning and Model-Based RL 3
7. Policy Gradient Methods 3
8. Actor-Critic Methods 3
9. Deep Reinforcement Learning 3
10. Advanced Deep RL Techniques 3
11. Policy Optimization and PPO 3
12. Exploration and Intrinsic Motivation g
13. Multi-Agent RL and Hierarchical RL 3
14. RL in Practice & Ethics 5
15. Final Project Presentations o
59U 45
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%’a’“nné’anw Natural Language Processing with Deep Learning

¥W1A59571837 (Course Outline) Frwaudalususseny
1. Introduction and Word vectors 3
2. Context-Free Grammars and Parsing 3
3. Seguence Models 3
4. Advanced Variants of Recurrent Neural Networks 3
5. Transformers )
6. Pretraining language models 3
7. Post-training language models 3
8. Efficient Adaptation 3
9. Benchmarking and Evaluation 3
10. Question Answering 3
11. Machine Translation 3
12. Information Extraction 3
13. Semantic Role Labeling 3
14. Coreference Resolution and Entity linking 3

15. Existing gaps in Natural Language Processing research
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¥odwdangw  Adversarial Machine Learning

W1lAT9518397 (Course Outline) FuuTlUsUsIENE

1. U, wuudnaes linear binary classifier, Aagnanislan@wuuinass linear binary classifier 3

2. WUUI1a0e deep learning waznI1slaus 3
3. Data poisoning 3
4. N15&374 adversarial example, fast gradient sign method 3
5. projected gradient descent, M3laufwuuiwuamung, 3
6. Black-box attacks. 3
7. Adversarial robustness, N13a574 robust classifier, adversarial training 3
8. Robustness certification, N15a514 certification a8 LP relaxation 3
9, N334 certification A28 SDP relaxation 3
10. Generative adversarial networks 3
1. ﬂﬁiﬂisqnﬂ% generative adversarial networks 3
12. auanURved robust features way weak features 3
13. n19uen robust features way weak features 3
14, MIMIULUUTIAB9M7E robust features 3

15. mslaufivunuudiansdu q waznslandlugiuuudu
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Ho3udenge  Large Language Models

1A1lA595787391 (Course Outline) Fruautalusussens
1. Introduction 3
2. Laree language model architectures

3. Capabilities 3
4. Potential Harms 3
5. Data collection and curation 5
6. Modeling 3
7. Parallelism 3
8. Pretraining models 3
9. Fine-tuning models 3
10. Preference alignment 3
11. Evaluation 3
12. Security 3
13. Deployment and Scalability 3
14. Adaptation to downstream tasks 3
15. Future Directions and Innovations in Large Language Models 3

45
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Yp3v1d9nge  Deep Generative Models

1#1lAT951873%7 (Course Outline) Fruaudlusussens
1. Introduction and Probability and Linear Algebra review 3
2. Neural Networks 3
3. Generative Model Representation 3
4. Autoregressive models 3
5. Maximum Likelihood Learning 3
6. Variation Autoencoder 3
7. Normalizing Flow Models 3
8. Generative Adversarial Networks 3
9. Energy Based Models 3
10. Score Based Models 3
11. Evaluation of Generative Models 3
12. Score Based Diffusion Models 3
13. Discrete Latent Variable Models 3
14. Diffusion Models for Discrete Data 3

15. Applications and Research in Deep Generative Models
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Fodwdange  Bio-Inspired Computing

1i1lase31839 (Course Outline) Furudlususses
1. Introduction to Bio-Inspired Computing 3
2. Genetic Algorithms (GA) - Concept ]
3. Genetic Algorithms (GA) - Applications 3
4. Genetic Programming 3
5. Artificial Neural Networks (ANN) - Theory 3
6. Artificial Neural Networks (ANN) - Applications 3
7. Ant Colony Optirmization (ACQ) - Theory 3
8. Ant Colony Optimization (ACO) - Applications 3
9. Particle Swarm Optimization (PSO) - Theory 3
10. Particle Swarm Optimization (PSO) - Applications 3
11. Artificial Bee Colony (ABC) Algorithm 4
12. Immune System Algorithms 3
13. Hybrid Bio-Inspired Algorithms 3
14. Recent Trends & Research 3

15. Project Presentations & Course Wrap-up
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%a%ﬁanqw Computational Neuroscience and Cognitive Psychology

1AlAse5187397 (Course Outlie)

g

2.

10.

1L

12.

13

14.

15.

Introduction

Neuroscience Basics

Coegnitive Psychology Basics
Computational Brain Modeling

Brain Data Processing

Perception Modeling
Computational Decision Making
Learning from Experience

Linking Brain and Cognitive Psychology
Al and Cognitive Simulation

Deep Learning Technigues
Computational Neuroscience

Al Applications

Applications in Health and Medicine
Surnmary and Discussion

33
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ﬁjaaﬁl'\ﬁ'enqv Machine Learning for Predictive Maintenance

ilAseseA (Course Outline) Furudalususseng
1. Introduction to Predictive Maintenance 3
2. Fundamentals of Machine Learning !
3. Data Acquisition and Sensor Technologies 5
4. Signal Processing for Condition Monitoring 3
5. Feature Engineering for Time-Series Data 3
6. Fault Diagnosis and Labeling Challenges i)
7. Classical ML Models for Predictive Maintenance 3
8. Deep Learning for Time-Series Prediction 3
9. Remaining Useful Life (RUL) Estimation 3
10. Unsupervised and Semi-Supervised Learning 3
11. Model Evaluation and Deployment Considerations 3
12. Case Studies and Industrial Datasets 3
13. Hardware and Embedded ML for Maintenance 3
14. Ethics, Safety, and Human Factors 3

15. Final Project Presentations and Wrap-Up
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Ya3vreenge  Digital Twin in Industry 4.0

inlAsesIeAun (Course Outlie) FurudaTuaussene
1. Fundamental Concepts of Digital Twin and Industry 4.0 )
2. Virtual and Augmented Reality in Digital Twin 3
3. Development of Digital Twin Models 3
4. Application of loT in Digital Twin 3
5. Big Data Analytics for Digital Twin 3
6. Al and Machine Learning in Digital Twin %
7. Integration of Digital Twin with Automation Systems 3
8. Real-time Monitoring and Control in Digital Twin 3
9. Digital Twin for Smart Manufacturing 3
10. Digital Twin in Logistics and Supply Chain 3
11. Predictive Maintenance with Digital Twin 3
12. System Design and Testing using Digital Twin 3
13. Standards and Frameworks for Digital Twin 3

14, Challenges and Future Trends in Digital Twin

W

15. Recent Research in Digital Twin and Applications
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%a”‘;‘ll'lﬁdﬂqv Digital Audio Signal Processing

1#11AT931873%7 (Course Outline) daudlusussens
1. Introduction to Audio DSP 3
2. Time-Domain Analysis of Audio Signals 3
3. Frequency-Domain Representations 3
4. Digital Filters — FIR and IIR 3
5. Convolution and Reverberation 3
6. Audio Effects and Transformations 3
7. Midterm Review and Project Proposal 5
8. Spectral Audio Features %
9. Noise Reduction and Enhancement 3
10. Audio Coding and Compression 3
11. Machine Learning for Audio 3
12. Real-Time Audio DSP 3
13. Spatial Audio and Beamforming 3
14. Wrap-Up and Advanced Topics 3

15. Final Project Presentations
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ﬁa’bmé’anqu Advanced Machine Learning in Signal Processing

1nTAs9518397 (Course Outlie) Fuaudalususses
1. Introduction 3
2. Machine Learning Basics 3
3. Machine Learning for Signal Processing 3
4. Clustering 3
5. Supervised Learning 3
6. Signal Classification 3
7. Unsupervised Learning 3
8. Speech Signal Processing 3
9. Image Signal Processing 3
10. Deep Learning 3
11. Medical Signal Processing 3
12. Sensor Signal Processing 3
13, Learning from Incomplete Signals . 3

14. Signal Processing in Research and Technology

w

15. Summary and Discussion
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%‘aa‘tlﬂé'»inqw Human-Machine Interaction and Cognitive Robotics

wlAsesneden (Course Outlie) Fuaudalususseny
1. Introduction 3
2. Human-Machine Interaction Basics 5
3. Perception in Machines and Robots 3
4.  Machine Learning for Interaction 3
5. Natural Laneuage Processing in Interaction 3
6. Visual Perception and Response 3
7. Auditory Perception and Response 3
8. Coenitive Robotics 3
9. Developing Interactive Robots 3
10. Mathematical Models in Human-Machine Interaction 3
11. Interaction in Complex Environments 3
12. Learning and Adaptation Systems in Robots 3
13. Applications in Healthcare and Medicine 3

14. Applications in Education and Training

w

15. Examination or Final Project Presentation
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Y2IYD9INAY  Research Methods in Computer Engineering and Informatics

inlAses18391 (Course Outlie) a”mnu‘a‘]"’s'[mﬂﬁﬂ'ﬁ
1. Introduction to Research in Graduate Studies 3
2. Research Problem and Problem ldentification 3
3. Research Objectives, Questions, and Hypotheses 3
4. Review of Literature 3
5. Conceptual Framework and Theoretical Framework 3
6. Research Design 3
7. Population and Sampling 3
8. Data Collection Methods 3
9. Qualitative Research Methods 3
10. Quantitative Research Methods 3
11. Data Analysis: Descriptive Statistics 3
12. Data Analysis: Inferential Statistics 3
13. Ethics in Research 3

14. Writing Research Proposal

)

15. Research Report and Presentation
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