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Advanced Computer Architecture
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Architectural features of computer systems. Topics cover advanced processor technology, memory hierarchy, interleaved memory, bus,

cache, instruction-level parallelism, pipelined architectures, multiprocessors, and vector processors. The course will also discuss

machine instructions, computer arithmetic, system performance, and hardware subsystems.
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Technical Research Writing
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The course introduces students to the writing skills needed as a computer engineer. It focuses on how to communicate academic and
technical information clearly and concisely to a broad range of audiences and purposes. The course teaches how to define a clear focus,
organize, as well as connect information to create effective communication in the form of writing.
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Applied Discrete Mathematics and Formal Methods
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This course aims to provide a foundation of applied discrete mathematics and formal methods for computer engineering. The course
will focus on the application of discrete mathematics as a formal method to analyze computer systems, in particular, communication
protocols and distributed systems and algorithms. Topics include Proof techniques, Logic theory, Logic Programming, PROLOG,
Functional Programming, Temporal Logic, Model Checking, Graph theory, Automata, Petri nets, Coloured Petri Nets and Process
Algebra.
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Analysis of Algorithms
a U 1 =
Iasuneu : Tl
a dyo a L& asf dsll 9 dy = a a Y o w |9 af o [ a
ABIUUUTUDNITODNUVUVLUASAUAITICHOANDTTULIUDIAU Lu’ﬂﬁﬁ’nlﬂ\'lﬂTiLGHJImGINLﬁHﬂWﬂII 9anoIsNdHTUNI N FUAVOINS
4 1
ﬂﬂﬂllﬂﬂﬁﬁﬂﬁ]?ﬁn WU BUUASQINT LUULUILENLASIDTUS uuuﬁmazinu lLUUIﬂiL!ﬂﬁNL%QWﬁ%@I Lm%!ﬁf)ﬂ1lﬂﬂ’)ﬁﬂ1’ié)ﬂﬂ1§
A o w s A
ﬂjﬂﬁﬂlﬂﬂ1ﬂﬂﬂl@ﬁﬂ1iﬂigh’mNﬁlm%lﬂuWﬁNﬂuiﬂf
This course provides a comprehensive introduction to the design and analysis of algorithms. It covers mathematical background for
asymptotic growth analysis, graph algorithms, various paradigms of algorithm design, for example: brute-force, divide and conquer,
greedy, dynamic programming. NP completeness and computational intractability are also discussed.
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Probabilistic Methods
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This course covers probabilistic techniques used in computer engineering and computer science applications. Topics include
conditional probability and independence, random variables and expectations, Markov chains, bounds and inequalities, confidence

intervals, parameter estimation, and hypothesis testing.



38
o a ° v A a d
CPE 605 ﬂ1§ﬁ%1~3!!‘]]1j‘iﬂﬂi’)\‘lﬂ1Qﬂﬂ!ﬂﬁ1ﬁﬂ§ﬁ1ﬁiﬂ'3ﬂ'3ﬂiiﬂﬂ93~lw3!ﬂi‘)ﬁ 3(3-0-9)

Mathematical Modeling in Computer Engineering
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This course discusses relevant mathematical modeling methods commonly used in computer engineering applications. Topics include
discrete structures, probabilistic models, and dynamical system models. Example applications for each method will also be provided,
including hardware and software design, computer architecture, networking, artificial intelligence, pattern recognition, and computer
graphics. Students will be asked to pick topics to model engineering problems.
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Parallel and Distributed Processing
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This course describes fundamental methods by which parallel programs are assembled. Important concepts for program design, such as,
partitioning, mapping, and granularity are discussed. Concepts will be applied to both shared memory and distributed memory systems.
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Optimization Design and Reliability Engineering
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This course covers optimization design using mathematical modeling and heuristic approach modeling to optimize the design of
various system types including hardware systems, software systems, embedded systems, and network systems. To do this, many design
constraints have to be considered such as the system reliability, quality of services, and investment cost.
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Cloud Computing
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This course discusses the concept of cloud. The materials cover technology in all three layers of cloud services including P latform-as-

a-service, Infrastructure-as-a-service, and software-as-a-service. The architecture of cloud is also introduced. The concept of

virtualization (virtual machine and virtual infrastructure) and techniques adopted to create virtualized environments will be described.
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Application development based on Map Reduce will be discussed. The students will be asked to write simple parallel applications and
to use cloud as a computing platform. The students will also learn how to build a cloud as a part of the class exercise.
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Embedded Software Development
a U W \ =
Indefuney : Tul
o 2 9 U @ U o @ J J J J J
uuzmmﬂTuTaamms‘uuﬁumnaﬁqm aoilagnssuvesszuuavesnaialenlsenovvesasaudsiazselaulsszuy
o v = S o 1% J Jdou| o J s a va
aumﬂaNmﬂmmuaaﬁ]mmm fﬂi!ﬂlEl‘LlI“lJﬁLLﬂﬁllﬂ1H1°ﬁ’ﬁ1W§HG]ff]V‘IGILL'JiPJQGI’J §$1J’1J1/iEIWEJQT‘H"H@‘I/\'G]LL’)??&’U‘]Jﬂaﬂﬁﬂ1513ﬁ1
a A an A A s dy ' s s s 2
IN i&’L“UEI’U’J‘ﬁ!mgL'ﬂﬁf]\111E]Gluﬂ"lif)f]ﬂuﬂﬂ%fﬁ/\l@]l!”ﬁ?h@n NFOONLUUITINTTHINTALITUAzFONALIT MTNATOUTEUUYD
do o o o o Ao a A o ? do o Ao
V\lﬁll’liﬁh@n gﬂLL‘]J’Ufﬂi@ﬂﬂu’ﬂ'ﬂE‘TTVIT]J5Z’U’Uﬁll’E'NﬂﬁPJQG]’J‘VW]1Q1ullﬂﬂlﬂﬁ1ﬂiﬂlﬂﬂuﬂﬂ"liWﬁHuWG]ffJWG]LL'JiPJQG] 'JVIﬂTﬁQﬁQﬂWSi%
WA
This course offers an introduction to embedded system technology, embedded system architecture consisting of hardware and software
components. Topics include embedded C programming. multitasking. Real-Time Operating Systems (RTOS), methodologies and tools
for embedded software development, hardware-software co-design, embedded software testing, design patterns for real-time embedded
systems, and development techniques for power-aware embedded software.
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Testing and Testability Design of Digital Systems
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This course provides concepts and techniques for testing of digital systems. Topics include economy of test, type of faults and defects,
fault modeling and simulation, fault diagnosis, test pattern generation for combinational and sequential circuits, memory and
microprocessor testing, boundary scan architectures and techniques, design for testability, and built-in self-test techniques.
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Functional Verification of Hardware Design
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Introduction of hardware verification techniques, testbench creation, verification planning, verification strategies, and hardware
verification languages. Hands-on experience for verifying designs through the use of industry verification tools in homework,
laboratories and a course project.
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Design and Analysis of Integrated Circuits
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Principles and technology of monolithic integrated circuits are presented. Design, layout, simulation and implementation of digital and

linear circuits are covered.
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VLSI System Design
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Introduction to the design and layout of Very Large Scale Integrated circuits (VLSI) with the emphasis on digital CMOS circuits.
System design concepts are developed. Computer-aided design tools are used to produce working IC design.
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Active Network Synthesis
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Fundamental concepts, approximation, sensitivity, passive network synthesis, operation amplifiers and fundamental active building
block, second order and high order active filter design and direct realization methods are covered.
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Integrated Analog Filters
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Continuous-time filters such as OTA-C Filter, switched-capacitor filters, design and implementation as integrated active filters are
covered in this course.
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Analog IC Design
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Modeling and simulation of BJT and MOS transistors for analog IC, feedback and sensitivity in analog IC, design of OP-AMP and
other types of operational amplifiers using bipolar, CMOS, and BiCMOS technologies, behavioral modeling of all types of the active
building block, and translinear circuits are covered.
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Switched - Capacitor Circuits
33179AUNOY : CPE 624 NI0ONULUIDITINMUULOUS EON
s a ¢ a s A qu ' Ay 19 1 s a a o
mslszgnarsasainganhdaes e ldeonuuuieasas q #'lilesasnsoswavesniu bidluldawgaundlureesaingan
a a <
h#aed mannsauazlszgnd Iniuszuy
Topics include non-filtering applications of switch-capacitor circuits, non-ideal effects in switched capacitor circuits, system

considerations and applications.
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Mixed - Mode Analog IC Design
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Introduction to mixed-mode technology and current-mode circuits from a translinear viewpoint, current conveyor theory and practice,
linear and non-linear mixed-mode circuit design using all types of active modules, and designing of linear and non linear mixed-mode
circuits at transistor level using bipolar, CMOS, and BiCMOS technologies.
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Computer - Controlled Systems
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This course discusses state variable models of dynamic systems, the design of state variable feedback control systems, robust control
systems and digital control systems.
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Embedded System Design and System-on-Chips
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Introduction to the principles and applications of embedded systems, theory and application of hardware and software including tools
for embedded system design. The design is realized in FPGAs (Field Programmable Gate Arrays) and implemented with C and VHDL
(Very high speed integrated Circuit Hardware Description Language). Discussion on up to date technology development such as SoC
(System on Chip) is included.
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Computer Graphics Algorithms
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The course aims at providing the fundamentals of computer graphics. We will emphasize the most basic algorithms and concepts in
computer graphics that form the foundation (both theoretical and practical) for most modern graphics systems. The emphasis in this

class will be on interactive 2D and 3D computer graphics algorithms, and introduce some non-interactive rendering methods.
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Image Understanding and Scene Interpretation
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Low-level, mid-level, high-level image processing and computer vision will be studied. Low-level image processing will cover image
acquisition, image formats, compression, image enhancement, filtering, edge/contour finding, and feature extraction. Mid-level image
processing will cover finding lines/circles/general 2-D shapes, image segmentation, texture segmentation, stereo correspondence,
image search & retrieval, contour matching, and computing optical flow for motion sequences. Computer vision will also cover shape
from stereo, motion, shading, texture, and other modules. High-level processing will include an introduction to the concepts of pattern
recognition, object recognition models, neural networks, and scene interpretation methods. Optimization techniques including
stochastic methods will be covered in detail including linear regression, gradient descent, a simulated annealing, Gibbs Sampler, and
Genetic algorithms.
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Digital Signal and Image Processing
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Representation analysis and design of discrete time signals and systems are presented. Z-Transforms and the Discrete Fourier
Transforms, the Fast Fourier Transform (FFT) algorithm, Time and frequency domain design techniques for recursive (IIR) and non
recursive (FIR) systems are covered. Additional topics include parametric signal modeling power spectrum estimation, and applications
to speech and image processing.
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Computer Aided Geometric Design
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The course deals with the foundations of geometric modeling. This will emphasize on the concepts and mathematic theory of curve and
surface modeling. There are several kinds of curves to be investigated, e.g., Bézier, Said-Ball, Wang-Ball and B-Spline curves, and
their geometric properties are explicitly expressed. The algorithm for computing a point on these curves will be provided in both
polynomial (non-rational) and rational ones. Then the relationships among those curves are defined and proven by the polar form
approach. Finally, those curves generalized into rectangular surfaces are introduced and some of them will be expressed in terms of the
triangular patches.
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Multimedia Information Retrieval
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This course introduces basic multimedia information retrieval concepts. It covers the management of data in various media forms, such
as texts, audios, graphics and videos; the data structure used for storing, processing multimedia data; various query techniques such as
query-by-example, content-based query, semantic-based query. Integration of various types of data will be discussed.
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Human Computer Interaction
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This course discusses human-computer interaction theory and practice. The materials include the design and evaluation of usable
interfaces, matching computer systems with the cognitive capabilities of users, and usability testing. The course also covers the idea of
ubiquitous computing and pervasive graphical user interface for distributed human communication. A team project on design,
development and evaluation of computer based devices will be emphasized in this course.
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Three-Dimensional Modeling and Animation
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This course provides an introduction to the three-dimensional concepts in computer graphics including surface modeling techniques for
rigid and non-rigid objects, viewing in 3D, representing curves and surfaces, surface rendering, ray-tracing, illumination, shading, and
shadows. Interactions in virtual reality will also be covered. The course will also cover topics in computer animation for various

systems such as solids biological motion, human motion, and faces.
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Game Design and Development
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The course provides with the fundamentals of how to design and develop computer games. Computer game design is a complicated
process involving several aspects of psychology, liberal arts, human-computer interaction, and artificial intelligence. This course will
emphasize on the design aspects of games (not the implementation aspects). The topics include computer game history, game designing
process, game play design, game setting, game worlds, storytelling, narrative and character design, interactivity, and other related
graphics and behavior techniques.
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Advanced Geometric Modeling
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The course deals with the advanced techniques in geometric modeling. This will emphasize on the concepts and mathematical theory of
curve, surface and solid modeling. In addition, algorithms and applications related to the various types of application systems in
geometric modeling are also investigated as the case study.
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Artificial Intelligence
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An introduction to the problems and techniques of Artificial Intelligence (AI). Materials include problem solving basics, problem
solving methods, search and game strategies, knowledge representation, structured representation of knowledge, planning, learning,
expert systems, and neural networks.
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Natural Language Processing
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The goal of this course is to provide knowledge and understanding of the field of Natural Language Processing (NLP). NLP research

aims at designing and building a computer system that will analyze, understand, and generate languages that humans use naturally, so
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that eventually we can address the computer as though we were addressing another person. Applicable tools in NLP include those of
Artificial intelligence: data structures, formal models for knowledge representation, reasoning/logic models, and those of
Computational Linguistics such as formal grammar. Ultimately, NLP research will lead to the creation of intelligent computer systems
such as speech recognition systems, text-analyzers, computer-aided language learning and machine translation systems.
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Computational Linguistics
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This course provides understanding and knowledge in the field of computational linguistics (CL). CL is a discipline between linguistics
and computer science concerned with the computational aspects of the human language. It is also related to the filed of Al The course
emphasizes the study of how to develop formal models, simulating various aspects of human language and implementing them as
computer programs to enable communication between humans and computers. These models may be knowledge—based or data-driven.
Work in the computational linguistics field, including text editors, information retrieval system and web search engines, for example,
has great impact on software systems that simplify the work of human translators and clearly improve their productivity and help
information seekers who have to search through large amounts of texts in foreign languages.
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Data mining
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Data mining is a study of concepts and methods that are used for finding hidden and potentially useful information from huge amounts
of data. This is an introductory course to data mining. It focuses on basic concepts and some technical aspects of data mining. Several
data mining concepts, techniques and algorithms such as association rule, descriptive and predictive models, classification, statistics,
nearest neighbor, clustering, decision tree neural networks and rule induction will be covered. Related topics such as data warehousing,
data preparation, OLAP and information retrieval will also be discussed. The applications of data mining and advanced concepts will
be presented.
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Speech Processing
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Basic knowledge from several fields is required to effectively pursue research in automatic speech processing. We study the acoustic
content of the speech signal. Students will use the spectrographic display to examine the signal and discover its variable properties.
Phones in increasingly larger contexts will be studied with the goal of understanding co-articulation. Phonological rules will be studied

as a contextual aid in understanding the spectrographic display.
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Bioinformatics
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This course covers basic concepts of bioinformatics including genetic database management; algorithms, tools and applications for
processing biological data; methods of computational biology; sequence and structure analysis and applications in genomics and
proteomics. Related concepts in the field of biology will also be included.
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Bio-Inspired Artificial Intelligence
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Bio-inspired engineering which is an interdisciplinary integrating knowledge from various disciplines to solve real-world problems
according to examples found in nature. Bio-inspired artificial intelligence which is the study and design of intelligent agents that learn
and make intelligent reasoning, perception and action possible to solve problems such as decision making, searching, retrieving,
clustering, and optimization. Well-known examples of bio-inspired intelligent agents include Evolutionary Computation, Artificial
Immune System and Swarm Intelligence.
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Network Modeling and Analysis
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This course covers mathematical basis for modeling and analysis of network protocols and computer systems. Topics include review of
probability and statistics, Markov chain, elementary queueing theory, open and closed queueing networks, discrete-event simulation,
output data analysis, and applications in multiplexing, multiple access, and flow and congestion control.
CPE 651 1n300emazszun15me 3(3-0-9)
Wireless Networking and Systems
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This course covers fundamental concepts of protocols and techniques in wireless networking and discusses their applications in
currently deployed wireless technologies and architectures. Topics include propagation models, cellular concepts, traffic engineering,
modulation techniques, channel coding, multiple access and scheduling, routing, hand-off and mobility management. Examples in
wireless local loops, multi-hop wireless networks, wireless PAN/LAN/MAN, and next-generation wireless networks will be discussed.
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Advanced Network Modeling and Analysis
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The course discusses advanced mathematical modeling techniques for analyzing the performance of communication networks and

protocols. Topics include reviews of Markov chains and basic queuing theory, non-Markovian queues, generalized loss networks,

phase-type queues and the matrix-analytic methods, fluid models, bound and approximation techniques, and discrete-time queues.
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Advanced Computer Network
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This course discusses fundamental principles and advanced concepts in the design and implementation of computer network protocol
mechanisms, architectures, and algorithms. Topics include reviews of TCP/IP network protocols and architectures; signaling,
randomization, virtualization mechanisms; multiplexing, multicasting, flooding, optimized routing and congestion control; delay and
loss analysis. Necessary mathematical tools will be developed throughout the course.
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Network Design
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This course discusses basic network design techniques for local, metropolitan, and wide area communication networks. Management
and business perspectives on network design, estimation of traffic demand, network cost analysis, topological design, capacity

assignment, routing, virtual network design, network design tools, wireless network design issues, availability analysis and survivable

network design.
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Cryptography
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A graduate course on concepts and theories of various cryptographic techniques to achieve a number of data security requirements
including secrecy, authentication, data integrity and non-repudiation. Topics include cryptographic algorithms and systems, Strength of
a cipher, Cryptanalysis, Security assessment, Cryptographic protocols, Number theory, Cryptographic hash algorithms, Digital
signature, Formal analysis of public key cryptography, Provably secure public key cryptosystems and provably secure digital signature
systems.
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Data Security for Multimedia Communications
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A graduate course on the theory and implementation of cryptographic algorithms/ techniques in multimedia communication systems.
Topics include cryptographic systems, algorithms and techniques, and its implementation for particular purposes. Principles of speech,
image and video coding used in multimedia communications are presented. Copyright protection technologies including digital
watermarking techniques, fingerprinting schemes and secure distribution of copyright data.
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Formal Methods for Network Security
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The course aims to provide a foundation on formal analysis on network security and cryptographic protocols. Topics include Firewall
models, Firewall analysis, Design of Cryptographic Protocols, Dolev&Yao Model of Secrecy, Woo&Lam Model of Authentication,
Blanchet’s Logic Programming approach, Coloured Petri nets for Security protocols, Inductive approaches and Process algebra for

security protocols.
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Network Security

v o 1

1099 UNOU: CPE 655 INeNmssHaay

v
a A 1 R k4

A g @ a wva o [ a @ o ]
wmmﬁﬂym’mJ;_1/1Lﬂuwanmmaﬂuumﬂaum ﬁTl’Ti‘lJﬂ"lﬁf]f]ﬂLL‘]J“]Jlmgfﬂi‘ﬂiSﬁLiJ‘l!ig‘ﬂ’Uﬂ1iiﬂ‘]&ﬂﬂ’)"liJill!ﬂ\ﬂHLﬂ?@ﬂﬂﬂ
a sq ¥ s - = = o o a o o s
ﬂ@NW?L@]ﬂiﬂi%iuﬂﬁﬂﬂﬁ HIAVDNVSANBITIVDY quJ']ﬂfJﬂWiﬁﬂ‘B1ﬂ'JTJJlluﬂ\‘1 MIUsziumssnInNuITuag ﬂﬁ’l’JE]ﬂLL‘]J“]J“h/\li
s A A s s v 9 ) o A A a
1944 Lﬂiﬁ]\iﬂ@ﬁZ‘UU]‘l‘V\li’Jﬁ)ﬂa JTUUNITATIVVVHUNTN ﬁgﬂﬂﬂﬁ“ﬂ@\iﬂlmﬁ‘l!ﬂﬁ;ﬂ LRAZUAaNNITUASIATOINDAN 9 Gluﬂﬁllizlllu
mssnuanuunsluniovie
The course aims to provide a conceptual and practical knowledge on the design and the evaluation of security systems for computer
network in an organization. Topics include security policy, security evaluation, firewall design, firewall tools, intrusion detection
systems, intrusion prevention systems, concepts and tools to evaluate the security of a system.
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Object Oriented Design and Analysis
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This course presents practical approaches to Object Oriented design. Materials include O-O concepts: objects and classes, inheritance,
abstraction, polymorphism, and encapsulation, tools for conceptual design, software development life cycle, problem solving, O-O
modeling techniques, and analysis.
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Software Engineering
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This course offers Practitioner's Approach in software engineering. Materials include project/software management concepts, software
design principles, software planning, Risk factor analysis, software testing and quality assurance, software life cycle, and software
reuse and reengineering.
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Project Management
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This course emphasizes on how to efficiently manage software projects. The materials include the project scoping, feasibility analysis,
task dependency and work breakdown, resource management, Budget estimation, Risk management, people management, and Project

tracking methods. The course also discusses the use of computer-based tools for project management and ISO framework on

continuous process improvement.
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Advanced Database Concepts
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This course covers a quick review of relational database concepts including data design, normal forms, atomic transactions,
concurrency control, SQL, recovery, XML, and SOAP. The course will focus on advanced recent developments in database technolo gy
including topics such as distributed database, object-oriented database, query optimization methods, data warehousing, and data
mining. Methods to deal with extracting information from the overwhelmingly large amounts of data which modern societies are
capable of amassing will be addressed.
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Service Oriented Architecture
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This course provides an introduction to SOA and Web services. Service Oriented Architecture is a computing architecture for
modularizing and integrating intra and inter-enterprise distributed computing. By viewing every entry as service and concentrate on
how these services interact instead of how each service implements its own core logic, it can provide an encapsulation at a higher level.
Web services technology is a realization of SOA so that each service is interconnected via some web-based standards. It allows systems
to be platform neutral, language independent.
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Enterprise Computing
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This course discusses the issues related distributed computing and information storage for enterprise. The course materials can be
divided into 3 parts. The first part gives a brief overview of the Enterprise Resource Planning (ERP) components in order to illustrate
the integration methodology of data and processes into a unified solution. In the second part, various software architectures for
enterprise are discussed. Students are encouraged to work on software architecture analysis and design. The last part emphasizes the

service oriented software concepts. Students are introduced to the implementation of the web service and the grid service technology.
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Java Programming
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The course provides the systematic study of the syntax of Java programming language, an object-oriented programming language. It
will cover the concepts in Java technology, Object-Oriented Programming , Abstraction, Encapsulation, Packages, Identifiers,
Keywords, Data Type, Expressions and Flow Control, Arrays, Class design, Inheritance, Polymorphism, Overloading, Signature,
Method, Exception handling, Assertion, Standard Input/ Output, GUIs, Event Handling, Threads, and Network programming.
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Special Topics I
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This course discusses selected topics of current interest in computer engineering taken from recent research topics and/or technical
publications.
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This course discusses selected topics of current interest in computer engineering taken from recent research topics and/or technical
publications.
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This course discusses selected topics of current interest in computer engineering taken from recent research topics and/or technical
publications.
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Special Topics IV
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This course discusses selected topics of current interest in computer engineering taken from recent research topics and/or technical

publications.
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Advanced Computer and Information Security
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The course discusses novel topic in Computer and Information Security. Topics include Access Control, Multi-level database security,

Inference control, Program Security and attacks, Web application security and attacks, Denial of service attacks and defenses, XML

Security, Web service security, Distributed System Security, Mobile Operating System Security.

CPE 6811n5901¢ 13enauuuviaianen 3(3-0-9)
Multihop Wireless Networking
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This course covers fundamental concepts and protocols in multihop wireless networks, including wireless ad hoc networks, wireless
mesh network, and wireless sensor network. Topics include reviews of wireless transmission fundamentals, medium access control,
topology control, routing, TCP performance, connectivity, throughput and delay analysis, and network coding.
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Network Management
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This course covers concepts and fundamentals of network management, including functions, protocols, tools, and resources to monitor,
control, and maintain communication networks. Topics includes reviews of TCP/IP protocols and networking devices, network
management architectures and protocols, network management software tools, and network management applications.
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Thesis
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Self-research and study in computer engineering topics under the supervision of an advisor.
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Special Project Study
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Supervised investigation in the area of computer engineering to be presented in the form of a report.
CPE 703 M3AnAundasy 3 niwhe
Independent Study
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Supervised Study in computer engineering.
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