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Course Code Course Title Credits Prerequisite
EE 701 Advanced Stochastic Processes 3

§ | Objectives: Understand probability theory, functions of random variables and definitions of stochastic
:E_ processes.

IG

$ | Discrete and continuous probability, Conditional probability and Bayes' rule, random variables, probability
Q | distributions and densities, functions of random variables, definition of stochastic process; stationary
g processes, correlation functions, and power spectral densities, stochastic processes and linear systems,
= estimation and optimum filtering, Applications in communication and control and power systems signal
O | processing, and detection and estimation.
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Course Code Course Title Credits Prerequisite
EE 702 Advanced Linear Systems 3
Objectives: Understand linear algebra and linear dynamical systems with applications to circuits, signal
processing, communications, and control systems.
c
o
'E_ Applied linear algebra and linear dynamical systems, with applications to circuits, signal processing,
5 | communications, and control systems. Topics include: Least-squares approximations of over-determined
$ | equations and least-norm solutions of underdetermined equations. Symmetric matrices, matrix norm and
Q | singular value decomposition. Eigenvalues, left and right eigenvectors, and dynamical interpretation. Matrix
g exponential, stability, and asymptotic behavior. Multi-input multi-output systems, impulse and step matrices;
= convolution and transfer matrix descriptions. Control, reachability, state transfer, and least-norm inputs.
O | Observability and least-squares state estimation, Theory of multivariable systems. Jordan canonical forms.
Transformation matrices. Realization theory, Output and state feedback. Compensation, Introduction to
optimal control, dynamic programming; and linear quadratic regulator.
ol Glbio | wla>gll sac —ioll Ulgic ’iﬁ_{:’-;
3 aosiodl adazdl plail 703 & »




alioVl &,k g 8lS ol g dxieil didlio 1 BlaaVI

{DES ¢s3Loo (DES) gaiioll &l 8LSlo auilgsiusll &l Jlissl plaig 19,8 csiigo 8Slo «oilgal] érioull
aliol .oloyiol) 8UStxall sy ,oliell gusei coslsine p8,J1 lgig BgS,lo s (sle ooyl lall slas]

6o |roweC

igoSIl dwridg asl,pSUl (3 subailly alioVl cdLaViialioVl . igunstl plaig sbrgSUl oo duloc

Course Code Course Title Credits Prerequisite
EE 703 Advanced Modeling, Simulation and Optimization 3

S
'-g_ Objectives: Discuss modeling, simulation and optimization theory in an advanced manner.
5 Modeling: laws, Monte Carlo simulation, stochastic state transition systems. Discrete-event simulation
$ | (DES): Principles of DES, formalization as a Generalized Semi-Markov Processes (GSMPs), random number
O | generation, distribution sampling, and analysis of simulation output. Practical examples from the electrical
g and computer systems. Optimization, optimization methods, application of optimization in electrical and
g computer engineering.
o
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Course Code Course Title Credits Prerequisite
EE 704 Advanced Reliability 3

: - -
._g Objectives: Discuss reliability block diagram, network modeling and evaluation of simple series and parallel
.% systems, network modeling and evaluation of complex systems using event tree analysis,
Q
()]
8 Probability theory, application of binomial distribution, network modeling and evaluation of simple series and
o | parallel systems, network modeling and evaluation of complex systems using event tree analysis, reliability
g block diagram, and cut set, discrete and continuous Markov chains, frequency and duration techniques,
8 approximate system reliability evaluation, Monte Carlo simulation.
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Course Code Course Title Credits Prerequisite

EE 795 Seminar 0




Course Description

Objectives: Train students in presentation skills and acquaint then with emerging topics in electrical and
computer engineering.

Review of current research in specific areas of electrical and computer engineering. Required of all graduate
students.
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Course Code Course Title Credits
EE 799 Ph.D. Thesis 12

= | Objectives: Develop skills of independent advanced research that adds to the knowledge of mankind.

o

,"é'- The student has to conduct analyses and discussion a practical problem in his field of electrical and
'g computer engineering specialization. This work must contribute some new approaches to electrical and
8 computer engineering field as well as this work must reflect the ability of student to do the research
o | methodology and analyses the results. All the results and analysis must be presented in a thesis form
¥ | according to the specification of scientific research thesis. The student has to present his work in front of a
3 special academic committee including at least one expert consultant in the electrical and computer
O | engineering industry.
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Course Code Course Title Credits

EE 720 Electromagnetic Compatibility and Power Quality 3
S
'.g_ Objectives: Understand the various kinds of PQ problems and their effect on the load/system equipment.
5 Mitigation strategies, qualitative concepts and comprehensive coverage, Power Quality (PQ) definitions,
$ | limitations, related international standards and mathematical techniques for PQ analysis, Different
A | identification, localization and classification techniques for PQ problems, the various kinds of PQ problems
g and their effect on the load/system equipment, mitigation strategies like passive filtering, active and hybrid
3 power filtering, static VAR compensation.
o

Grlw wlbio | wlasgll sac | Jo—sinll Ulgic | P99 50,

3




2soll

sbypSl Bgwg a8lall plai 6,5

721 J »

Lo (sles Log sl rpSUl g Unill okl 5,2 wlegogo sl ypSUl Blgal) 8 olaoll Llasll @slall plas 6)lsly wldoc
uslaidVly adlail olgsdl o byl (@8Uall Glwlow g3los pladl (38 pSxilly plaidl ddgsou

8,38l plas el g wldoc oo aalizall glgVl ppd 1 BlaaVl

3

Course Code

Course Title Credits

Prerequisite

EE 721

Power System Management and Electricity Markets 3

Course
Description

Objectives: Understand the various kinds of power system operations and management.

Power system operations and management, topics and issues in today's electricity markets, many emerging
issues from power sector deregulation- such as those in system reliability and system control, power policy
models looking at technical issues of power system operation simultaneously with the economic aspects.
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Course Code Course Title Credits Prerequisite
Flexible AC Transmission Systems (FACTS): Models,
EE 722 . 3
Control & Applications
5
'g_ Objectives: Understand the various kinds of Thyristor-controlled controllers and compensators.
=
§ Thyristor-controlled FACTS controllers, Static Var Compensators (SVC), Thyristor-Controlled Series
O | Compensators (TCSC), Thyristor Controlled Voltage and Phase Regulators (TCVR and TCPAR), Voltage-
g sourced converter controllers, specifically the Static Compensator (STATCOM), Static Synchronous Series
3 Compensator (SSSC), Unified Power Flow Controller (UPFC).
o
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Course Code Course Title Credits Prerequisite

EE 723 Distribution Systems Engineering 3




Course Description

Objectives: Discuss the detailed design of distribution system networks.

Estimation of the loads on the network for the detailed design of the distribution system networks.
Planning, design and operation, forecasting, and planning strategies, distribution automation. Design of
sub-transmission lines, distribution substations, primary and secondary systems design considerations,
voltage drop and power loss calculations, voltage regulation, application of capacitor in distribution systems.
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Course Code Course Title Credits Prerequisite
EE 724 Distributed Generation 3
c
=)
e
-% Objectives: Understand the distributed generation (DG) role in sustainable energy systems.
Q
@ | Distributed generation (DG) role in sustainable energy systems. Positive effects of significant scale DG on
3 the environment, energy efficiency, security of supply and price of electricity, barriers, technical and non-
® | technical limiting, the use of DG.
3
o
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Course Code Course Title Credits Prerequisite

EE 725 Dielectric Phenomena in High Voltage Equipment 3

Course Description

Objectives: Understand dielectric theory, material properties and design details of underground cables and
their accessories. Understand typical failure modes and their early detection of underground cables and
their accessories. Discuss in detail various off-line and on-line diagnostic tests for condition monitoring of
underground cables.

Vast urbanization and increasing pressure to meet high demand in power delivery have resulted in a
significant growth in power network. In addition, power equipments being a critical asset group, any
outages due to their failure will result in considerable service delivery and economic impact on the operation
of power networks.
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Course Code Course Title Credits Prerequisite
EE 726 Asset Management and Risk Assessment of Power 3
Systems

Objectives: Study power system risk assessment, data in risk evaluation, unit interruption cost, outage
models of system components and parameter estimation in outage models.

Application of Risk Evaluation to Transmission Development Planning, Application of Risk Evaluation to
Transmission Operation Planning. Application of Risk Evaluation to Generation Source Planning, Selection of

Course Description

Reliability-Based Transmission-Service Pricing.

Substation Configurations, Reliability-Centered Maintenance, Probabilistic Spare Equipment Analysis,
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Course Code Course Title Credits Prerequisite
EE 727 Industrial Utilization of Electrical Energy 3
Objectives: Understand industrial power factor, control, electric heating and welding, illumination
§ | engineering and demand side management.
w -
0B
§ 5 Industrial load characteristics, electrical drives and industrial applications, industrial power factor, control,
(O] electric heating and welding, illumination engineering, electrolytic processes electric traction, economics of
A | electric power supply and utilization, demand side management.
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Course Code \ Course Title | Credits |  Prerequisite
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EE 728 Power Electronics Applications in Photovoltaic Power

Systems

technology.

Course Description

semiconductor devices.

Objectives: Understand and discuss power electronics uses and applications in grid photovoltaic (PV)

Grid-connected and off-grid Photovoltaic (PV) technology, power electronics, renewable energy, types of
PV cells, concentrating/multi-junction PV, I/V characteristics, electrical models, semiconductor. Economics
and trends, PV forecasting, micro-inverters, micro-converters, multi-port dc-dc converters, maximum
power point tracking techniques, efficiency optimization, digital control techniques, practical issues,
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Course Code

Course Title Credits

Prerequisite

EE 729 Power System Optimization

3

Course
Description

power markets, unit commitment.

Objectives: Discuss and understand the optimization of power system operations.

Optimization of power system operations, state estimation, power system security, economic dispatch,

Glw Glbio | wlasgll sac o)l Ulgic £399 50,
sl
3 soioll ,Lall olblg b &Saolus 730 J &

asini 3,3l ©Vg g 8 yusioll 39p2l dlawlgs 33,50l Ll @blyw phaid (@STyal) aSuolioal olgsdl Julss
502l Lards oSl gazll Laxs blado syiodl Ll oW Jlsoll (sle snisodl pSadl 33 yiodl Ll bl
au,k plasiwl gogalls ;Lils o3l o JS) aal=dl @dleo pSil ol glidnol aalsdl glao oyl pSmadl dlymioll

3l Ll QWY &S]l z23loil Jlasiwly ol juéy ozl pSall

cogbiiodl Ll Jyzo pda wliolus duidlio tdlan VI

6o |roweC

Course Code

Course Title Credits

Prerequisite

EE 730 AC Drive System Dynamics

3




Objectives: Discuss the dynamics of ac drive systems.

Analysis of dynamics of ac drive systems supplied by variable voltage and frequency converters, modeling
for ac drives, field oriented ac machine controls, observers for stator flux and rotor flux, closed loop
torque control. Synthesis of closed loop control systems for torque, current and position applying linear
and nonlinear control theory, and dynamic models of ac machines.

Course Description
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Course Code Course Title Credits Prerequisite
EE 731 Advanced Switchgear and Protection 3
c
i)
,"é- Objectives: Understand and discuss protection schemes and smart switchgear.
Q
(7]
g Smart Switchgear, Distance Protection Schemes, Differential Protection Schemes, High and Medium
) Voltage Power Network Protection Schemes, Unit and non-Unit Protection Schemes. Protective Relay
£ | Design and Operation.
o
o
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Course Code Course Title Credits Prerequisite

EE 732 Electrical Insulation Systems 3 EE 606




Course Description

Objectives: Discuss properties and types of electric insulation systems.

Properties of different organic and polymeric insulation systems (gas, solid and liquid), mechanisms of
electrical conduction, polarization, dielectric loss and breakdown, the influence of aging on insulating
materials and its effect on partial discharges and space charges, which lead to insulation failure.
Different breakdown phenomena, such as electrical treeing, water treeing, surface tracking thermal and
electrochemical degradation will be explained. Different theories on conduction and breakdown such as
Schottky, Poole-Frenkel and Spacecharge limited currents can be discussed. Spectroscopy of insulating
materials, which includes Real and imaginary permittivity, dielectric loss, polarization and relaxation as
basis for dielectric response in time and frequency domains will be explained. Insulation coordination
advancements and special topics in electrical insulation system can be covered. Practical experiments in
High voltage lab can be scheduled to support the theory. This accumulative knowledge will lead to the
ability of understanding, developing and designing new high voltage insulation systems for AC and DC
power apparatus.
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Course Code Course Title Credits Prerequisite

EE 733 Advanced Measurements and Instrumentations 3

Course Description

Objectives: Discuss properties and types of measurement systems.

Measurement systems, Static and dynamic characteristics, Units, Error analysis, Moving coil, Moving iron
meters, Multimeters, True RMS meters, Bridge measurements, Maxwell, Hay, Schering, Anderson and
Wien bridge, Electronic multimeters, Cathode ray oscilloscopes, Block schematic, applications, Special
oscilloscopes, RF voltage and power measurements. Function generators ( RF signal, Sweep), Frequency
synthesizer, wave analyzer, Harmonic distortion analyzer, spectrum analyzer. Comparison of analog and
digital techniques, Digital voltmeter, multimeters, Frequency counters, Measurement of frequency and
time intervall, extension of frequency range, Measurement errors, Elements of a digital data acquisition
system, Fiber optic measurements for power and system loss. The above will topics will be given in

advanced manner.
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Course Code Course Title Credits Prerequisite

EE 740 Advanced Communication Theory 3
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c Objectives: Discuss properties and types of communcations systems.
92
5 -% Detection and estimation theory: Hypothesis testing, Cost functions, Bayes and Timan-Pearson,
8 2 Testing, Maximum likelihood detection, Detection and estimation in white Gaussian noise, Detection
8 and estimation in nonwhite Gaussian noise, Estimation of countinuous waveforms, Linear estimation
and Kalman filtering.
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Course Code Course Title Credits Prerequisite
EE 741 FPGA Design 3
g Objectives: Understand and discuss FPGA programing by VHDL language and applications.
Q =
2 ,'E- VHDL language, Top-down synthesis design approach, Design performance, CORE modules, Path specific
o9 timing constraints, Multi-pass Place and Route and re-entrant routing, Scripting implementation options,
= g Interactive probing of internal signals, Proper coding, Floor-planning tool and PACE, IO location
constraints, Macros
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Course Code Course Title Credits Prerequisite
EE 742 Special Topics in Communication 3
c
=]
e
2
'g Objectives: Discuss some selected topics in communications.
)
(a]
o Advanced topics in communication engineering.
£
o
o
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Course Code Course Title Credits Prerequisite
EE 743 Special Topics in Electronics 3
S
g 'g_ Objectives: Discuss some selected topics in electronics.
ST
8 § Advanced topics in electronics engineering
(a]
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Course Code Course Title Credits Prerequisite
EE 744 Digital Speech Processing 3
c
=)
e
.% Objectives: Understand and discuss speech technology: verification, classification and synthesis.
Q
§ A detailed treatment of theory and application of digital speech processing, knowledge of speech signals
) and speech processing techniques, Topics include digital speech coding, Speech synthesis, Speech
g recognition, and speech verification.
S
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Course Code Course Title Credits

Prerequisite

EE 745

Advanced Digital Communication 3
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Course Description

Objectives: Understand and discuss varies digital communication technologies, theory and applications.

Equalization: ZFE equalizers, MMSE equalizers, Decision Feedback Equalizers (DFE), Pre coding
(Tomplinson and Flexible), Partial response channels & pre-coders; Synchronization: phase locking, 1%
and 2" order loops, Timing and carrier recoveries; Advanced channel coding: Reed-Solomon codes, Trellis
codes, MAP decoding and BCIR algorithm, SOVA decoding, Iterative decoding, Code concatenation and
interleaving, Turbo codes, LDPC codes; Multi-Channel Modulation: Parallel channels and multi-tone,
Water-filling, Loading methods, Discrete Multi-Tone (DMT), OFDM, Equalization methods, Widowing and
PAR, Applications to DSL and wireless LANs.
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Course Code Course Title Credits Prerequisite
EE 746 Information Theory and Coding 3

S
'-g_ Objectives: Discuss theory coding, encoding, decoding and applications in different disciplines.
=
§ Information Theory, Investigation of the performance limits of communication systems, Developments
o and proofs of Shannon's three theorems involving channel capacity, Lossless source coding, and rate
g distortion theory, Key topics covered include entropy, Entropy rate, Mutual information, Discrete
3 memoryless channels and sources, and the additive white Gaussian noise channel.
o
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Course Code Course Title Credits Prerequisite
EE 747 Advanced Image Processing 3
= | Objectives: Discuss theory and applications of images in different fields such as image enhancement,
@ 2 | restoration or compression.
(1]
55
8 § Recall of Linear Algebra. Multidimensional Signal Processing, Human Visual System, Image Representation
QO | : pyramids and wavelets, Random signals, Image Modeling, Image Sensor Models, Noise Models, Image
Denoising, Image Restoration, Image Compression, Video Modeling and Compression, Digital Data Hiding.
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Course Code Course Title Credits Prerequisite

EE 748 Advanced Digital Signal Processing 3

DFFT, Z-transform and digital filters.

Course Description

C++/Matlab programing application.

Objectives: Understand and discuss signal processing technology in the discrete case. Understand the

DSP implementation: precedence graph, DSP structure verification and simulation; Goertzel’s algorithm,
FFT, fixed-point and float-point representation and operations, overflow; Finite Wordlength Effects:
quantization of fixed-point and floating-point numbers, analysis of coefficient quantization effects, A/D
conversion and noise analysis, analysis of round-off errors, dynamic range scaling, SNR in low-order IIR
filters, low-sensitivity digital filters, limit cycles, limit-cycle free structures; Multirate DSP: up-sampler and
down-sampler, filters in sampling rate alternation systems; multi-stage design of decimator and
interpolator, polyphase decomposition; arbitrary sampling rate converter, Lagrange interpolation, digital
filter banks, uniform DFT filter banks, Nyquist filters, quadrature-mirror filter banks, perfect reconstruction
two-channel FIR filter banks, multi-level filter banks; DSP Applications: spectral analysis of sinusoidal.
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Course Code Course Title Credits Prerequisite
EE 749 Advanced Digital Design 3
S
B Objectives: Discuss digital circuits analysis, digital circuits and technologies.
=
§ The use of a hardware description language (HDL; in particular Verilog) for the specification, synthesis,
a simulation, and exploration of register transfer level (RTL) designs. Programmable logic, such as field
g programmable gate array (FPGA) devices, how to write HDL models that can be automatically synthesized
3 into integrated circuits using FPGAs. Writing HDL models of combinational and sequential circuits.
o
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Course Code Course Title Credits Prerequisite
EE 750 Advanced Optics and Lasers 3
5 Objectives: Understand and discuss light propagation and uses in fiber optics and laser technologies.
8
G
o Light propagation in anisotropic materials, Acousto-optical effects & modulators, Electro-optic effects &
(=] modulators, Non-linear light-matter interaction, Ultrafast optics, pulse propagation of short pulses in
g dispersive non-linear media. Definition and advantage of fiber optics. Basic Fiber Optic System
3 Components. Fiber Optic system Operation. Dense Wavelength Division Networks. Fiber to home services.
o Single mode fiber (solid State Laser) &Multi-modes fibers (Light Emitted Diode L.E.D). Design of complete
fiber optical link.
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Course Code Course Title Credits Prerequisite
EE 751 Fabrication Technology of Integrated Circuits 3
Objectives: Understand theoretical background to fabricate semiconductor devices used in integrated
= circuits.
=)
E- Theoretical background to fabricate semiconductor devices: Silicon properties, Crystal structures,
o crystallographic planes, Miller indices. Defects in crystals; band structure, doping, Silicon wafers, wafer
8 fabrication, wafer cleaning and surface preparation; Ion implantation. SOI wafers; Oxidation, color chart,
P Ellipsometry; Phase diagrams, solid solubility, Diffusion, Fick’s laws, diffusion from a constant source and
4 with a constant amount; interstitial and substitutionnal diffusion, diffusion coefficient, activation energy;
3 Design of the diffusion process, Photolithography and masks, Mask design and fabrication; Photoresist
= deposition, baking, aligning, developing, BOE etching, photoresist removal; BJT, field effect, MOSFETS,
transistor fabrication; Wet etching and reactive ion etching of silicon, DRIE; Metal deposition and etching.
Contacts, Lift-off processing.
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Course Code Course Title Credits Prerequisite

EE 752 Selected Advanced Topics in EM Modeling 3
5 Objectives: Discuss and understand theory of dyadic Green's functions, followed by detailed formulation
'-g_ and computer implementation with real-world case studies.
=
§ This module caters for the needs of research students working in the field of Microwave & RF circuit and
(a] system analysis and design, and electromagnetics. The student will gain an understanding of the following
e topics: the foundation theory of dyadic Green's functions, followed by detailed formulation and computer
3 implementation with real-world case studies of any two of the following computational methods - Moment
o and Boundary Element, Finite Element, Finite Difference, Transmission Line and Fast method for Large
Systems.
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Course Code Course Title Credits Prerequisite
EE 753 Remote Sensing Signals and Systems 3

c

-g Objectives: Discuss and understand systems that are based on remote sensing technology and
.% techniques for remote sensing.

Q

(7]

g Remote Sensing Signals and Systems. Passive and active techniques for remote sensing with emphasis on
o noise and detection issues from radio to optical frequencies. Electromagnetic wave detection, statistical
g signal and noise analysis, remote sensing system architecture, and hardware for remote sensing systems.
8 Systems studied include radiometers, radars (real and synthetic aperture), interferometers, and lidars.

Applications to detection and surveillance, Earth remote sensing, astronomy, and imaging systems.
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Course Code Course Title Credits Prerequisite

EE 754 High Speed Digital Design 3

Course Description

Objectives: Understand high speed digital design, high-speed properties of transmission lines clock
distribution or clock oscillators.

High Speed Digital Design. High-speed properties of: logic gates, measurement techniques, transmission
lines, ground planes and layer stacking, terminations, vias, power systems, connectors, ribbon cables,
clock distribution and clock oscillators.
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Course Code Course Title Credits Prerequisite
EE 755 Wireless Communications Systems Design 3
- Objectives: Discuss wireless communications systems design and applications.
o
.‘é- This course addresses communication design at many different levels. At the system level it covers
Q microwave systems, system modeling, sub-system characterization and the delivery of complete
g communications systems in the real world. The propagation level covers system noise-figure analysis, link
) budgets and radio propagation analysis as a system planning tool. At the circuit level it includes, RF
g subsystems, direct and heterodyne conversion, RF integrated circuits, the impact of RF/microwave
o component design on wireless communication system performance, modulation formats and their impact
= on circuit design, and distortion and spectral re-growth.
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Course Code Course Title Credits Prerequisite
EE 756 Millimeter &Sub-Millimeter Wave Solid State Devices 3
c
-g Objectives: Understand design and optimization of some selected microwave millimeter and sub-
2 millimeter solid state devices.
Q
(7]
8 Analysis, Design and optimization of some selected Microwave Millimeter and Sub-Millimeter Solid state
o Devices. Design of a high quality stable and tunable microwave oscillators. Design a high gain, low FM
g noise, and low intermodulation distortion and reflection type and transmission amplifiers. Oscillator long
o term and short term stabilities, power stability, power supply stability, frequency stability, temperature
O stability, pushing and pulling factors and tune ability of the oscillator.
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Course Code Course Title Credits Prerequisite
EE 757 Broadband Wireless Networks and WiMax 3
c
._g Objectives: Discuss wireless network and WiMax systems design and applications.
Q.
'g Concepts of WiMax — one of the most important technologies (based upon OFDM) for mobile broadband
8 communications, and the next big development in the modern communications revolution. Covers the
o basic principles of operation both from the physical (PHY) and medium access control (MAC) layers. The
g approach will be both analytic and descriptive. In addition, any possible limitations will be discussed as
8 well as the economic and social aspects of its rollout.
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Course Code Course Title Credits Prerequisite

EE 758 Antenna and Propagation 3

Objectives: Discuss fundamentals of antenna design and applications.

Fundamentals of Antenna, Antenna types (Helical antenna, horn antenna, parabolic antenna, dipole
antenna, Uda-yagi antenna, turnstile antenna, loop antenna, Quadrifilar helix antenna, Spiral antenna,
Patch antenna (active and passive of different shapes and configurations, tilting angle), Single and Array
antennas, Slot antenna), propagation mechanism and modeling, wireless communication links, Cellular
concept. Maxwell's equations, Mathematical and Physical basics, Antenna parameters (gain, actual ratio,
polarization, cross polarization, bandwidth, directivity), Antenna analysis, and applications.

Course Description
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Course Code Course Title Credits Prerequisite

EE 760 Parallel Architecture and Algorithms 3
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c Objectives: Understand parallel architectures algorithms and applications.
o
B Parallel Architectures, Communication Architecture, Shared Memory, Message-Passing, Data Parallel
5 Processing, Generic Parallel Architecture, Parallel Programs, The Parallelization Process, Parallelizing
] Computation versus Data, Data Access and Communication in a Multi-Memory System, Performance
(=] Factors from the Processors Perspective, Shared Memory Multiprocessors, Sequential Consistency, Snoop-
g based Multiprocessor Design, Scalable Multiprocessors, Scalability, Programming Models, Shared Address
3 Space, Message Passing, Clusters and Networks of Workstations, Comparison of Communication
o Performance, Directory-based Cache Coherence, Hardware-Software Tradeoffs, Interconnection Network
Design, Latency Tolerance, Future Directions.
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Course Code Course Title Credits Prerequisite
EE 761 Real-Time Engineering Systems 3

c
-g Objectives: Discuss requirements analysis and specification, Software and Program Design of Real-Time
= Systems.
G
()]
g Real-Time Systems, Requirements Analysis and Specification, Software and Program Design Concepts,
o Operating Systems for Real-Time Applications, Practical Aspects of Real-Time Operating Systems,
g Diagramming Methods, Designing and Constructing Software, Software Analysis and Design, Analyzing
o and Testing Source Code, Development Tools, Mission-Critical and Safety-Critical Systems, Performance
© Engineering, Documentation
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Course Code Course Title Credits Prerequisite
EE 762 Concurrent and Real-Time Programming 3

S
B Objectives: Understand and discuss the concepts of Concurrent and Real-Time Programming.
=
§ Concurrent Programming, Communication and Synchronization, Concurrency Model, Communications
(=] Paradigms, Real-Time Specification, Memory Management, Scheduling and Schedulable Objects,
g Asynchronous Events and their Handlers, Real-Time Threads, Asynchronous Transfer of Control, Resource
3 Sharing, Feasibility Analysis, Physical and Raw Memory, High-Integrity Real-Time Systems
o
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Course Code Course Title Credits Prerequisite
EE 763 Advanced Database Systems 3
= | Objectives: Study database systems architecture and administration, object-oriented database systems
) .L_’ and java platform integration into the database systems.
£a
3 g Database systems, DBS architecture and administration, types of advanced database systems: business
© 8 intelligence (BI) and grid computing, distributed database Systems, object-oriented database systems,
java platform integration into the database systems, web technology integration into the database
systems, data warehouses.
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Course Code Course Title Credits Prerequisite
EE 764 Advanced Wireless and Mobile Networks 3
Objectives: Understand radio link transfer, IS-41 network signaling, GSM system overview, GSM network
5 signaling and GSM mobility management.
2
o
5 Mobility Management, Handoff Management: Detection and Assignment, Handoff Management: Radio
2 Link Transfer, IS-41 Network Signaling, Inter-System Handoff and Authentication in I1S-41, PACS Network
(=] Signaling, Cellular Digital Packet Data, GSM System Overview, GSM Network Signaling, GSM Mobility
g Management, GSM Short Message Service, International Roaming for GSM, GSM Operations,
g Administration and Maintenance, Mobile Number Portability, VoIP Service for Mobile Networks, Mobile
o Prepaid Phone Services, General Packet Radio Service (GPRS), Wireless Application Protocol,
Heterogeneous PCS, Third and fourth Generation Mabile Services, Paging Systems, Wireless Local Loop,
Wireless Enterprise Networks.
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EE 765 Al for Game Programming 3

c
._g Objectives: Discuss the concepts and applications of programming by Al.
o
'g Evolution of Game Al, Illusion of Intelligence, Solving the Right Problem, Tips from the Trenches, Useful
g Techniques and Specialized Systems, Building an AI Diagnostic Toolset, Trigger System, Data-Driven
o Architecture for Animation Selection, Realistic Character Behavior with Prioritized, Categorized Animation,
g Designing of Finite-State Machines, Response Curves, Line-of-Sight for 3D Landscapes, Fuzzy Logic,
8 Pathfinding, Movement, Lightning.
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Course Code Course Title Credits Prerequisite
EE 766 Advanced Artificial Intelligence 3
S
'g_ Objectives: Discuss advanced theory and applications of artificial intelligence.
=
§ History of Al, Logic Foundation of Artificial Intelligence, Constraint reasoning, Qualitative reasoning, Case-
(a] based reasoning, Probabilistic reasoning, Inductive learning, Support Vector Machine, Explanation-based
4 learning, Reinforcement learning, Association rules, Evolutionary computation, distributed intelligence,
§ Artificial life.
o
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Course Code Course Title Credits Prerequisite
EE 767 Pattern Recognition 3

S
'-E_ Objectives: Understand the concepts of pattern recognition and applications in classifications in neural
5 networks. Understand decision tree classifiers, supervised learning and clustering.
(7]
o}
a Review of preliminaries of pattern recognition, Bayesian Decision Theory, linear discriminant functions,
3 Neural Network approaches, decision tree classifiers, supervised learning and clustering, non-parametric
3 techniques, and other topics reflecting the sate-of-art pattern recognition technique.
o
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Course Code Course Title Credits Prerequisite

EE 768 Advanced Neural Network 3

Course Description

Objectives: Understand the concepts of neural network techniques, supervised and unsupervised types,
training and learning concepts.

Neural Network, Biological Neural Networks, Feed-Forward Networks, Radial Basis Function Networks,
Recurrent Networks, Echo State Networks, Hopfield Networks, Self-Organizing Maps, Competitive Models,
ART Models, Boltzmann Machines, Committee of Machines, Learning Paradigms, Error-Correction
Learning, Hebbian Learning, Competitive Learning, Boltzmann Learning, ART Learning, Self-Organizing
Maps, Applications (Pattern Recognition, Clustering, Feature Detection, Series Prediction, Data
Compression, Curve Fitting, Optimization, Control)
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Course Code Course Title Credits Prerequisite

EE 769 Advanced Linear and Nonlinear Control Systems 3

Course Description

Objectives: Understand discrete-time linear control systems, stochastic optimal control and nonlinear
phenomena.

Control of discrete-time linear systems. State-space models. Controllability and observability. The linear
quadratic regulator. Probabilistic methods for control and estimation. Statistical inference for discrete and
continuous random variables. Linear estimation with Gaussian noise. The Kalman filter. Stochastic control.
Markov decision processes and stochastic dynamic programming. Separation of control and estimator
design. Stochastic optimal control, nonlinear phenomena: multiple equilibria, limit cycles, bifurcations,
complex dynamical behavior. Planar dynamical systems, analysis using phase plane techniques.
Describing functions. Lyapunov stability theory. Input/output stability. Input/output linearization.
Stabilization and control of nonlinear systems SISO feedback linearization, sliding mode control.
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Course Code

Course Title

Credits

Prerequisite

EE 770

Identification systems

3

Course Description

Objectives: Study the mathematical models of systems, model structures, parameterization, and
identification methods.

Mathematical models of systems from observations of their behavior. Time series, state-space, and input-
output models. Model structures, parameterization, and identificability. Nonparametric methods.
Prediction error methods for parameter estimation, convergence, consistency, and asymptotic distribution.
Relations to maximum likelihood estimation. Recursive estimation; relation to Kalman filters; structure
determination; order estimation; Akaike criterion; and bounded but unknown noise models. Robustness
and practical issues.
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Course Code Course Title Credits Prerequisite
EE 771 Special Topics in Advanced Artificial Intelligence 3
c
g 8
g 2 | Objectives: Understand advanced selected topics in artificial intelligence.
3 G | Selected Topics in Advanced Artificial Intelligence
a
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Course Code

Course Title

Credits

Prerequisite

EE 772

Special Topics in Advanced Computer Engineering

3
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Course Description

Objectives: Understand advanced selected topics in computer engineering.

Selected topics in advanced computer engineering.
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Course Code Course Title Credits Prerequisite
EE 773 Special Topics in Advanced Software Engineering 3
c
=]
e
2
'g Objectives: Understand advanced selected topics in soft engineering.
]
(a]
o Selected topics in advanced software engineering.
5
o
o
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Course Code Course Title Credits Prerequisite
EE 774 Microscopic and S_pl)_ectroscoplc Characterization 3
echniques
5 Objectives: Understand the development of the ability of solving problems associated with spectroscopic
8 | characterization.
=
§ Various characterization instruments including AFM, STM, SEM, XPS, UPS, SIMS, FTIR and Raman will be
a introduced. Principles, instrumentation and applications of instruments will be covered. Emphasis will be
g on developing the ability of solving problems associated with characterization. Particular attention is given
3 to selection criteria used for choosing the appropriate technique for characterization of materials, devices
o and biological molecules.
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Course Code Course Title Credits Prerequisite
EE 775 Biomedical Instrumentation 3
=
=]
|
5 Objectives: Understand the concepts of main biomedical pieces of equipment such as ECG, EMG and
a EEG.
(a]
g Bioelectric phenomena, transducers, amplifiers. Processing of ECG, EMG and EEG signals.
3
o
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Course Code Course Title Credits Prerequisite
EE 776 Bioinstrumentation and Electronics 3
S
'-g_ Objectives: Study the concepts of biomedical electronics for building ECG, EMG and EEG.
=
§ Circuit analyses are applied to typical transducer and signal recording situations found in biomedical
a engineering. Electrical and electronic circuit theory is reviewed with an emphasis on biomedical
g measurement applications. A special topic is individually studied by the student and presented to the class
3 electrical physics class or circuits.
o
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Course Code Course Title Credits Prerequisite

EE 777 Physiological Signal Analysis & Control Theory I 3

24




Course Description

Objectives: Study signals processing for biomedical phenomena and understand control theory as it is
applied to physiological systems.

Essential elements of signal processing and control theory as it is applied to physiological systems will be
covered. Part I will cover data acquisition and sampling, Laplace and Fourier transforms, Filtering, time
and frequency domains, system descriptions and lumped vs. distributed parameters. Students will use
Matlab to test concepts presented in class.
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Course Code Course Title Credits Prerequisite
EE 778 Physiological Signal Analysis & Control Theory II 3
< | Objectives: Study signals processing for biomedical phenomena and understand control theory as it is
g .L_’ applied to physiological systems.
o
3 g Part II will cover time and frequency domain analysis, impulse vs. step response functions, open vs.
= 8 closed loop responses, stability, systems identification and control, non-linear control. Students will use
Matlab to test concepts presented in class.
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Course Code Course Title Credits Prerequisite
EE 779 Quantitative Physiology 3

5 Objectives: Explore the complexity of the human body and understand the functions of its varies organs
£ | and systems.

=

§ The primary objective of this course is to introduce students to physiological concepts using a quantitative
(=] approach. The main systems that control the human body functions will be reviewed to enable the
g students to understand the individual role of each major functional system as well as the need for the
3 integration or coordination of the activities of the various systems. Attempts will be made to highlight the
o patho-physiological consequences of defects or failures in the organ systems, and the relevant corrective

approaches.
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Course Code Course Title Credits Prerequisite
EE 780 Advanced Reaction Kinetics 3
c
=)
e
.% Objectives: Explore chemical kinetics and its biomedical applications.
Q
(7]
g A graduate level course in the chemical kinetics. Analysis of rate data; single and multiple reaction
o schemes. Biomedical topics include: enzymatic pathways, biological systems, receptor-ligand kinetics,
g microbial cell growth and product formation, and the design and analysis of biological reactors.
S
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Course Code Course Title Credits Prerequisite
EE 781 Medical Imaging 3
c
=]
e
2
'g Objectives: Study of modern technology for medical imaging.
o
?, Theory and operation of CAT, SPECT, PET, MRI, X-ray and echo imaging modalities.
5
o
o
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Course Code

Course Title

Credits

Prerequisite

EE 782

Mathematical Methods in BME

3
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Course Description

Objectives: Study the mathematics of pharmacokinetic models, biological fluid mechanics, and biosignal
representations and analysis.

This course is an introductory graduate level course that integrates mathematical and computational tools
that address directly the needs of biomedical engineers. The topics covered include the mathematical or
diffusion, pharmacokinetic models, biological fluid mechanics, and biosignal representations and analysis.
The use of MATLAB will be emphasized for numerically solving problems of practical relevance.
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Course Code Course Title Credits Prerequisite
EE 783 Inverse Problems in Biomedical Imaging 3
- Objectives: Understand characterizing mathematical properties of inverse problems. This will allow for
._g the analysis of the stability and resolution of image reconstruction algorithms.
o
'g This course will introduce graduate students to the mathematical theory of inverse problems. Concepts
8 from functional analysis will be applied for understanding and characterizing mathematical properties of
o inverse problems. This will permit for the analysis of the stability and resolution of image reconstruction
g algorithms for various
o existing and novel biomedical imaging systems. The singular value decomposition (SVD) is introduced and
© applied for understanding properties of imaging systems and reconstruction algorithms.
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Course Code Course Title Credits Prerequisite
EE 784 Biostatistics 3

S
'g_ Objectives: Understand statistics with specific applications to biomedical and clinical research.
=
§ This course is designed to cover the tools and techniques of modern statistics with specific applications to
a biomedical and clinical research. Both parametric and nonparametric analysis will be presented.
g Descriptive statistics will be discussed although emphasis is on inferential statistics and experimental
3 design.
o
o
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Course Code Course Title Credits Prerequisite

EE 785 Engineering Biocompatible Materials 3

Course Description

Objectives: Introduce students to synthetic materials that are routinely used as components of various
medical devices implanted in the human body.

In this course, students will critically examine prosthetic materials used in specific devices (for example:
muscle, eye, skin, vascular). The biological environment relevant to the discussed implant will be
reviewed. Problems with current materials will be analyzed and strategies and techniques required to
engineer sophisticated biomaterials for future applications will be developed. Legal procedures required to
obtain FDA approval for such materials will be taught. Industry personnel specializing in medical implants
will deliver guest lectures ; properties of materials, classes of materials used in medicine, host reaction to
biomaterials and their evaluation, Testing and degradation of materials in biological environment, Artificial
organs, devices, new products and standards including legal aspects.
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Course Code Course Title Credits Prerequisite
EE 786 Fluid Dynamics for Biomedical Engineers 3

c
-g Objectives: Develop of theoretical and experimental concepts necessary for the delineation of fluid flow
.% in various in vitro chambers and the cardiovascular system.

Q

()]
8 Its content will primarily deal with the concepts of flow in various geometries the heterogeneous nature of
o blood and the application of such principles in flow chambers designed to expose blood elements to
g defined flow conditions. The relationship to flow in the normal and diseased vascular system will also be
8 considered.
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Course Code Course Title Credits Prerequisite
EE 787 Rehabilitation and Assistive Robotics 3
= | Objectives: Understand the science and engineering of mechanical manipulation at different levels.
o
w —
g ,"é'- Statics and dynamics, linear algebra, and higher level programming will be taught in the advanced course.
o g The use of MATLAB to work on homework projects. Topics include spatial descriptions and
= g transformations, manipulator kinematics, inverse manipulator kinematics, Jacobian, velocities and static
forces, trajectory generation, manipulator mechanism design, robot programming and simulation, robot
dynamics, and control methods.
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Course Code Course Title Credits Prerequisite
EE 788 Advanced Artificial Intelligence and Computer 3
Applications in Rehabilitation

Objectives: Understand agents and Multi-Agents systems: definition of weak and strong agents, agent
§ | communication languages, negotiations between agents, mobile agents, and application of agents in various
:-g_ fields.
G
® | Al in the design of agents, uninformed search, constraint satisfaction problems and algorithms (search and
Q | optimization), informed search, heuristics search, upper and lower bounding techniques, mixed integer
g programming, iterative refinement search.
3 Probabilistic Inference and Learning: Al in optimal decision making, probability theory, Probabilistic
O | reasoning, Bayesian networks, learning and inference algorithms, stochastic methods, sequential reasoning,

HMMs, MDPs, POMDPs, reasoning. Natural Intelligence: Properties of natural intelligent systems, natural

perception, how the brains does it, open issues in Al.
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Course Code

Course Title

Credits

Prerequisite

EE 789

Special Topics in Advanced Biomedical Engineering
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Course
Description

Objectives: Understand advanced selected topics in biomedical engineering.

Selected topics in advanced biomedical engineering
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