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CS511: Computer Programming

Slalall daa 2 1511
Object-oriented programming: data abstraction, encapsulation, classes, objects, templates,
operator overloading, function overloading, inheritance, polymorphism, exception handling, and
streams.
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CS512: Data Structures
bl Jskw 512z
Built-in data structures. Stacks, queues, linked lists, and tree structures. Sorting algorithms, searching
algorithms, and hashing. Abstract data types (ADT).
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CS513: Operating Systems

Jadal) al23 :513zs
Types of operating systems. Operating Systems structures: system components and services,
virtual machines. Process management: CPU scheduling: Scheduling concepts, performance
criteria, scheduling algorithm. Memory organization and management for single user and multi-
user system. Secondary storage management, Disk scheduling, virtual memory.
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CS514: Software Engineering

Slaa ) Awdia 1514z
Overview of software engineering, software requirement: requirement engineering processes,
system models, software prototyping. Design: architecture design, distributed system architecture,
object oriented design, user interface design.
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CS515: Concepts of Programming Languages
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Describing syntax and semantics. Identifiers: names, binding, type checking, and scopes. Data
types, subprograms and their implementation, concurrency, programming paradigms such as
declarative programming, object oriented programming and component programming, parallel and
distributed programming.
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CS516: Selected Topics in Computer Science-1
1 - qulal) agle 835 e cle g 5a 5167
Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the CS Department and approved by the Faculty Council and listed under
this course number.
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CS517: Selected Topics in Computer Science-2

2 - ) agle (45 da Cle gk sa 1517
Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the CS Department and approved by the Faculty Council and listed under
this course number.
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CS518: Project

£ 9 15187
Student will select one of the projects proposed by the department, the student should do analysis,
design and implementation.
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CS521: Introduction to Web Development

Gull okl B dadia ;5212
Web site planning and design - creation of a design document and information architecture - Hands
on development - writing the code — HTML and XML.
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CS522: Fundamentals of Web Programming

G o) A (B bl 15227
The fundamental aspects of computer programming using the standard language of the Web
browser, JavaScript.
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CS523: Web Languages-|

1- qusl) sl :523ze
Advanced JavaScript and AJAX. Students will learn how use the HTTP request object to
communicate with both XML documents and PHP.

PHP s XML o chlaill dahiadl 5kl — aadie AJAX. 5 JavaScript

CS524: Web Engineering

cugl Awdia 1524
The course addresses the concepts, methods, technologies, and techniques of developing Web sites
that collect, organize and expose information resources.
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CS525: Web Programming - Client Technology

Sanl) i o1 5385 — g o) A s 15250
Front-end web development, from HTML, XHTML and CSS, to JavaScript Document Object
Model (DOM) and AJAX. Also students will learn HTTP request object and handle XML files.
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CS526: Web Languages-I|1

2- qugll @l 15267
Basic database manipulation, as well as how to search databases and how to incorporate them into
PHP-based programs
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CS527: Server-Side Languages

palal) A s 1527
Introduction to PHP - Introduction to Database and MySQL — NetBeans -How to communicate to
Database through PHP.
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CS528: Web Administration

usl) 5,14 :528zs
Learn web and Internet troubleshooting techniques, security and authentication and finally
restore/backup.
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CS529: Web GUI Design
G ol) addiine Cilgal g avanali 15297



Primary principles and tasks involved in graphical user interface (GUI) design - Users how to
design screen layouts, use color effectively, and incorporate typography into a graphical user
interface - How to put together the elements of an interface to create an effective design - Create
an attractive and organized web site using basic and intermediate HTML and CSS - Graphical tools
(Dreamweaver 8, Photoshop, Flash, etc.)
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CS611: Advanced Artificial Intelligence
adiia clihal ¢183:611 s
This course will cover concepts of logic-based Artificial Intelligence, automated deduction,

planning, speech recognition, machine learning, integrated Al architecture, distributed Al,
common sense representation, and fuzzy systems
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CS612: Network Security and Cryptography

Sl g Sl (4l 1612 =
The course covers topics including web security, denial-of-service, email security, routing
security, sensor network security, firewalls, wireless security, security analysis, side and covert
channels, intrusion detection and prevention, and software security, security protocols, packet
sniffing, password cracking, and transport-layer security protocol. It also covers symmetric and
asymmetric cryptography algorithms, block ciphers; secure hash functions and data integrity, key
exchange and public-key systems, key management techniques and protocols, authentication and
encryption in an adversarial model, and digital signature schemes.
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CS613: Digital Image Processing and Pattern Recognition

Ll o cijaill g dad ) ) puall dallea 613 o
Image transforms, enhancement and filtering, image restoration, compression and segmentation,
pattern representation and description, pattern classification, recognition and interpretation.
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CS614: Machine Learning
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This course on machine learning will give an overview of many concepts, techniques, and
algorithms in machine learning, beginning with topics such as classification and linear regression
and ending up with more recent topics such as neural networks, boosting, support vector machines,
hidden Markov models, and Bayesian networks. The course will give the student the basic ideas
and intuition behind modern machine learning methods as well as a bit more formal understanding
of how, why, and when they work.
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CS615: Computational Biology

4 gl 4ila glaal) :615 o
The course will cover topics including: essentials of biological knowledge, sequence analysis,
phylogenetic trees, microarrays, protein tertiary structure prediction, mass spectrometry, protein-
protein interaction, regulatory networks, immunomics. The course will also cover computational
methods including directed and undirected graphical models, such as Bayesian networks, factor
graphs, and Dirichlet processes.
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CS616: Advanced Software Engineering

piiia Gl ) sz :616 =
The course covers advanced topics in software engineering including the following topics. Types
of software architecture; model-based and component-based software; software engineering best
practices; software migration and maintenance; software quality, web-based systems development
methodologies; software project management; and software security.
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CS617: Advanced Topics in Computer Systems

Gulal) alii B daslia Cle gua g0 1617 =
The course covers advanced Topics in computer architecture, and operating systems. Evolution of
computer architectures; computer performance; advanced pipelining; memory organization;
hardware aspects of interconnection networks.
Computer systems, in an open era, included variety of hardware devices ranging from hand-held
devices to large powerful computers, challenges of openness and trends in their solutions. Topics



such as cloud computing, mobile computing, enterprise systems, service-oriented architectures,
among other new trends in computer system hardware and software are also covered.
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CS618: High Performance Computing
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An in-depth study of the state-of-the-art in high performance computing. Topics include parallel
computer architectures, programming paradigms, and their applications. Parallel architectures
include PC clusters, shared-memory multiprocessors, distributed-memory multiprocessors, and
multithreaded architectures. Parallel programming paradigms include message passing interface
(MPI), its second-generation MPI-2, and multithreaded programming. Applications include
computational science and high performance Web and database servers for Internet-based
electronic commerce.

Z3 Ayl siall Caladl iy jlase Jin Cile guia sa Jadiiise1aY) Alle D sall Jlae (8 dgalall ) glaill diania 4l 50
AS yidie b SIA 5 pelleall danie 5 gaaeSl) Slea cchbnlall Cilrand Jadki 4y ) siall casdall il jlara Leilindai 5 cilyma )
(A Lelin s ((MPI) Alas 1)y e Aga) s Jaliid 4y 51 siall daaall Lol il el 300 <y jlara 5 e ) 50 B SIY
oo eV e clily sacliy s ol sa g Apball a glall ¢ 1o Ale A gal) il Jadii g <l el Baawie Ayl

Y e A SV B el

CS619: Advanced Mathematics and Algorithms
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The course covers advanced mathematics including: iterative solutions of nonlinear system of
equations, methods for solving linear systems of equations, and analysis of computational errors.
Curve fitting using least square method will also be covered.
The course also covers advanced topics in algorithms including: NP-hard, NP-complete problems
and Instances, randomization, approximation, and semi-definite programming to solve them.
Bloom filter, stream programming, game theoretic techniques, geometric algorithms, and
approximate counting may also be considered.
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CS620: Research Methods and Skills
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The course objective is to teach students scientific research methods and help students develop
essential research skills needed to succeed in conducting research, critical thinking and analytical
skills, publishing research, and becoming part of the research community.
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CS621: Knowledge Management

4 pall 313 1621 o=
This course reviews essential principles of knowledge management (KM) and teaches different
levels of knowledge management solutions such as KM processes, KM systems, KM mechanisms,
different KM infrastructure. Then it investigates different knowledge management systems such
as knowledge capture systems, knowledge sharing systems, and knowledge discovery systems.
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CS622: Information Retrieval
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The course covers structure and features of information retrieval systems: cognitive (human)
aspects of information access and retrieval, information retrieval as a process, features of modern
information retrieval systems, and information retrieval vs. database or information systems. It
also includes indexing algorithms, text preprocessing and query processing, document (and query)
representation, keyword discrimination, as well as retrieval models and ranking.
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CS623: Advanced Natural Language Processing
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This course presents the analytic and quantitative methods used in natural language processing and
understanding. It reviews the traditional analytic techniques for processing natural languages and
discusses advanced algorithms for parsing and discussing the shortcomings of the analytic
techniques. The course will also deal with the statistical language processing techniques at the
level of morphology, syntax, and semantic, and its relation with current research in other linguistic
techniques such as statistical machine translation. The problems of statistical processing
techniques will also be discussed. Machine translation techniques: transfer, knowledge based and
statistical approaches
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CS624: Advanced Computer Graphics and Animation
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This course is intended to provide a graduate-level introduction to modern computer graphics. We
will cover some of the basic background of 3D computer graphics in the areas of geometry,
physical simulation and rendering. The course is intended to bring students up to the research
frontier, and prepare them for further work in the field. As such, at least half the material in the
course will go over topics of current research interest, such as the physical simulation and coupling
of solids and fluids, and precomputation-based methods for real-time rendering.
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CS625: Advanced Topics in Computer Science-1

1- culal) agle (2 dadiia Cile gl ga 1625 &
Advanced topics which are not included in the curriculum and seems to be needed should be
suggested as an elective course by the CS Department and approved by the Faculty Council and
listed under this course number.

CS626: Advanced Topics in Computer Science-2

2-clal) agle (B dadiia Cile gl 5a 1626 &
Advanced topics which are not included in the curriculum and seems to be needed should be
suggested as an elective course by the CS Department and listed under this course number.
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CS711: Advanced Soft Computing

pila A jall Apaigall 1711 o
The course covers the following. Type-2 Fuzzy sets. Embedded fuzzy sets. Rough sets. Rough-
Neural computing. Rough-fuzzy hybridization. Granular Computing. Flexible neuro-fuzzy
systems. Near sets. Grammatical evolution. Immune systems. Mathematics of soft computing.
Advanced applications of soft computing.
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CS712: Kernel Methods in Bioinformatics
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The course covers the following topics: String kernels for protein classification, fast kernels for
string and tree matching, kernels for graphs, diffusion kernels, kernels for protein structure
prediction, kernel-based integration of genomic data using semi-definite programming, protein
classification via kernel-matrix completion.
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CS713: Research Directions in Software Engineering
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The course covers software engineering research directions, how to make a good research in
software engineering, principal research results of software engineering with attention to problem
selection, research paradigm, and validation of results. It also covers how research paradigm and
validation method are chosen to match the problem, and analyzes current and classical literature
for both the content of the work and the research strategy used.
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CS714: Web Mining
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This course introduces techniques of mining information from the web. It includes studying data
sources on the web, and personalization techniques. It also covers basic and advanced techniques
for text-based information systems: efficient text indexing; boolean and vector space retrieval
models. It includes web search strategies and web metadata; text/web clustering, classification and
text mining. Research directions in web mining will be also discussed.
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CS715: Advanced Multi-Agent Systems
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The course covers advanced topics in multi-agent systems. It includes abstract architectures for
intelligent agents, concrete architectures for intelligent agents, agent programming languages of
multi-agents, multi-agent environments, agents communications, agent interaction protocols,



societies of agents, and search algorithms for agents, distributed problem solving and planning,
learning in multi-agent systems.
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CS716: Advanced Text Processing
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The course covers methods and techniques for processing raw text while dealing with the
embedded linguistic content, armed with the NLP techniques on the morphology, syntax, and
semantic level, and with the statistical methods used in this field. Topics such as spelling and
grammar checkers, building statistical lexicons, indexing, word sense disambiguation, and
building database queries from natural text, will be discussed.
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CS717: Advanced Topics in Computer Systems & Parallel Processing

43)) sial) Aallaall g uuidal) alii (3 dadiia e g 94 1717
Current research areas in computer systems and parallel processing will be covered. Such areas
include advanced research topics in compilation techniques, operating systems, real-time systems,
abstract machines, concurrent and distributed systems, mapping, load balancing, and fault
tolerance.
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CS718: Research Directions in Image processing and Pattern Recognition
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The course covers image processing and computer vision research directions. It will address recent
topics in this field. Students will study some selected topics in this field and make an extensive
survey of them. The course also gives an indepth overview of the mathematical tools needed to
successully applying image processing techniques in the real world.
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CS719: Research Topics in Computer Science-1
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The course consists of formal lectures and the study and discussion of research papers appearing
in the current literature in topics not covered by other courses. Students will be expected to
participate in the presentation of the lecture material. Topics chosen for study will be by
arrangement with the department.
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CS720: Research Topics in Computer Science-2
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The course consists of formal lectures and the study and discussion of research papers appearing
in the current literature in topics not covered by other courses. Students will be expected to
participate in the presentation of the lecture material. Topics chosen for study will be by
arrangement with the department.
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IT511: Probability and Statistics
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Probabilities and Sampling space — Conditional probability- Bayes theorem — Random variables —
distribution functions- moments and moment generating function — estimation theory- Linear

regression- correlation- Applications.
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IT512: Digital Signal Processing
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Introduction to discrete time signals and systems, linear time invariant systems, Fast Fourier

transform ; Digital Filter design ; Implementation aspect of DSP algorithms.
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IT513: Computer Networks
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Classifications, topologies, Architecture, standards, Applications, 1SO-OSI model, Switching
techniques, Error detection and Correction, Network protocols, Routing strategies and techniques,
Flow control, Congestion control , Public switched data network. Internetworking; Introduction to
ISDN.
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IT514: Computer Graphic Systems
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Overview of Graphics systems ; Line drawing algorithms ; Circle drawing algorithms ; Ellipse
drawing algorithms ; Area filling algorithms ; Polygon filling algorithms ; Line clipping algorithms
; Polygon clipping algorithms ; Two dimensional transformations; Three dimensional object
representation and Projections ; Three dimensional modeling and transformations. Three
dimensional Viewing and Camera Model.
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IT515: Multimedia, Hypertext and Information Acces
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Introduces the architectures, concepts, data, hardware, methods, models, software, standards,
structures, technologies, and issues involved with: networked multimedia (e.g., image, audio,
video) information, access and systems; hypertext and hypermedia; electronic publishing; virtual
reality. Coverage includes text processing, search, retrieval, browsing, time-based performance,

and synchronization, quality of service, video conferencing and authoring.
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IT516: Selected Topics in Information Technology-1
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Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the Department and listed under this course number.
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IT517: Selected Topics Information Technology -2
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Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the Department and listed under this course number.
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IT518: Project
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Student will select one of the projects proposed by the department, the student should do analysis,
design and implementation.
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IT611: Network Algorithms and Simulation Techniques
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This course covers concepts necessary for the study of networking performance and algorithms. It
focuses on algorithms, and optimization techniques that are most commonly used to solve complex
problems in networking. Major topics include, introduction to algorithms and graph theory,
algorithms for solving common problems in networks such as, switch scheduling, multicast tree
construction, routing, and packet matching, fundamentals of simulation and analytical modeling
techniques, simulator design and model calibration.
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IT612 Detection and Estimation Theory
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This course examines the theory of detection and estimation of discrete observations. Topics
covered include: vector spaces of random variables; Bayesian and Neyman-Pearson hypothesis
testing; Bayesian and nonrandom parameter estimation; minimum-variance unbiased estimators;
representations for stochastic processes, shaping and whitening filters; detection and estimation
from waveform observations. Advanced topics include: linear prediction and spectral estimation,
and Wiener and Kalman filters.

(i) tall ol puaiall Cilgaiall ol YY) maial sal) Jady s Aadaiall Claaliall uai g (ol &y ki jiall 138 ks
ol o) aal) 5 Slaiall e ) Gl pial) e allaally il allaall a6y ey lasns b pims b JLES)
Ladiiall e gum sall Aum sall Colaaliiall cpa i) 5 CalSl) dayall s AL e el il siall Cilileall Jiad

_)3&5‘5 OLAHS C'_IM‘)A} 3 é.\k]“ \ ‘)..\JS..\M} (.?_LAJ. ‘ }uﬂ\ « Lc.a.n.\:w

IT613: Coding Theory
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This course covers various topics in coding and information theory. Topics include: Channels,
introduction to information theory, Shannon fundamental theorem, Linear codes, Hamming codes,
Reed- Muller codes, cyclic codes, BCH codes, Reed- Solomon codes, perfect single-error
correcting codes, the Golay codes, Lloyds theorem, weight enumerators, the Mac Williams
equation, quasi-symmetric designs, self-orthogonal codes and designs.
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IT614 Computational Cognitive Science
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This course covers: principles and scope of cognitive science; connectionist and symbolic
approaches to cognitive science; learning rules; function and relation of different types of neural
networks to brain function and cognitive behavior; applications in biometrics; applications in
bioinformatics; applications in forecasting.
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IT615 Real Time Control Applications
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The course covers the common real-time applications: Digital control systems, High level controls,
Signal processing in radar systems, Real-time databases; Advanced approaches to real-time
scheduling; Multiprocessor scheduling techniques; Resource access control protocols,
Multiprocessor resource access control protocol; Real-time communication.
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IT616: Biological Signal Analysis
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In this course, the electrical signals which arise in biological systems will be introduced. Focus
will be on a particular biological signal - the electromyogram or EMG which is measured during
voluntary muscle contraction. The mechanisms of signal generation, models of signal production,
signal characteristics, and signal acquisition and processing will be discussed. Applications of
EMG signal processing in rehabilitation and ergonomics will be covered.
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IT617: Bioinformatics Technology
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The course covers: molecular biology; problems and challenges in bioinformatics; sequence
analysis; prediction of protein structure, interaction and localization; gene expression analysis;
pathway analysis; classification and dimensionality reduction of gene expression data,
classification of cancer using diagnosis data, HMMs applications in bioinformatics.
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IT618: Machine Vision Technology
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The course provides an intensive coverage to the process of generating a symbolic description of
an environment from an image. Lectures describe the physics of image formation, motion vision,
and recovering shapes from shading. Binary image processing and filtering are presented as
preprocessing steps. Further topics include photogrammetric, object representation alignment,
analog VLSI and computational vision. Applications to robotics and intelligent machine
interaction are discussed.
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IT619: Neural Computation
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This course investigates computation by neurons. Of primary concern are models of neural
computation and their neurological substrate, as well as the physics of collective computation.
Topics include rate-code of neural networks, their differential equations, and equivalent circuits;
stochastic models and their energy functions; associative memory; supervised and unsupervised
learning; development; spike-based computing; single-cell computation; error and noise tolerance.
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IT620: Biomolecular Computation
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This course investigates computation by molecular systems, emphasizing models of computation
based on the underlying physics, chemistry, and organization of biological cells. Topics include:
computation by self-assembly, molecular folding, signal transduction, genetic regulatory
networks, and transcription; simulation and design of biochemical systems; physical limits of
computation, reliability, and the role of noise; reversible computation; DNA-based computers; in
vitro evolution; molecular ecosystems
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IT621: Automatic Speech Recognition
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The course introduces students to the rapidly developing field of automatic speech recognition.
Topics include: algorithmic aspects of speech recognition systems, search algorithms, stochastic
modeling, language modeling techniques, various approaches to speech recognition, advanced
techniques used for acoustic-phonetic modeling, robust speech recognition, speaker adaptation,
processing paralinguistic information, speech understanding, and multimodal processing.
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IT622: Wireless Sensor Networks
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This course covers various recent topics in wireless sensor networks. Topics include: basics of
sensor networks; sensor and actuator interfacing; feedback control; current and future platforms;
energy sources and storage; distributed power aware; Medium access control protocols; Routing
protocols; Clustering techniques; Mobility.
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IT623: Optical WDM Networks
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This course introduces the concepts of optical wavelength division multiplexing (WDM) networks.
Topics covered include: optical communication, fiber optics fundamentals, optical devices and
technologies, optical networks, WDM technologies, optical packet switching, optical circuit
switching, optical burst switching, optical cross-connects, optical protection and restoration, wave-
band switching, routing and wavelength assignments in WDM networks.
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IT624: Network Performance Analysis and Evaluation
L) £ 3] addi g Jalali ; 624 pa
This course covers topics related to the study of networking performance analysis and evaluation.
Major topics include: Measurement instrumentation, and design of experiments, interpretation of
results, statistical simulation, modeling and analysis of output data, advanced topics in analytic
modeling, workload characterization, tuning, procurement, and capacity planning, design and
proof of approximation algorithms, design of meta-heuristic algorithms, formulation techniques
for network optimization, linear and non-linear optimization. Design of distributed algorithms with
proof of convergence for networks systems.
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IT625: Advanced Topics in Information Technology- 1

1-cila glaal) L o1 535 (B dadiile il gua ga 1625 el

Advanced topics which are not included in the curriculum and seems to be needed should be
suggested as an elective course by the IT department and listed under this course number.
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IT626: Advanced Topics in Information Technology -2
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Advanced topics which are not included in the curriculum and seems to be needed should be
suggested as an elective course by the IT department and listed under this course number.
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IT711: Research Topics in Information Technology 1

1 il glaall L o1 365 A Ay e guda g4 1711
The course consists of formal lectures and the study and discussion of research papers appearing
in the current literature. Students will be expected to participate in the presentation of the lecture
material. Topics chosen for study will be by arrangement with the department.
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IT712: Research Topics in Information Technology 2

2 e glaall Lin ol 9iS5 (8 dfiany Cile gada g 1712245
The course consists of formal lectures and the study and discussion of research papers appearing
in the current literature. Students will be expected to participate in the presentation of the lecture
material. Topics chosen for study will be by arrangement with the department.

:\SJL.'LA@)M\UAUJS,JUJMJ LUJATS‘)M‘ Q;.J\ QGJ}W\.\AJ&M\JJJZ:\MJ‘ Q‘HM\L}Q‘)‘)&A&‘ UJSS.Q

IT713: Advanced Topics in Computer Networks
Slalal) cilSad 8 dadiia Cile guda g4 1713240



This course introduces recent development in computer and communication networks. Topics
include: Traffic Characteristics, Source Policing, Scheduling and Quality of Service, Wireless
Communication, Tracking of Mobile Users, Performance of Computer networks.
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IT714: Advanced Security Topics

Gl (A dadilia Gl g2 5a 1714
This course provides some advanced theoretical and applied topics in security field. It includes the
formulation of a security model for the target system. Different topics will be investigated, such
as; cryptography, information hiding, advanced authentication and intrusion detection. Also,
emphasis is given to reviewing some application in security field.
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IT715 Advanced Topics in Pattern Recognition
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Study of the extraction of concepts from large high-dimensional datasets, Statistical foundations;
techniques such as supervised neural networks, unsupervised neural networks, decision trees,
association rules, Bayesian classifiers, inductive logic programming, genetic algorithms, singular
value decomposition, hierarchical clustering.
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IT716 Advanced Topics in Digital Signal Processing

A ) ol L) dallaa (8 dadiia e i ga 1716240
This course addresses the following topics: A very short review of Discrete-Time Signals and
Systems, and fundamental concepts of optimal linear filters. Eigen analysis, Least-Mean-Squared
(LMS) and Recursive-Least-Squares (RLS) algorithms, tracking and convergence analysis of the
generalized LMS-type algorithms in mean-squared-error sense, fundamental concepts of array
signal processing, Source localization and spectral estimation.
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IS511: Data Storage and Retrieval

Gl £l jia) 5 (3545 1511 gl
This course presents the study of file structures through an object-oriented approach allowing
students to acquire the fundamental tools needed to design cost-effective and appropriate solutions
to file structure problems. The course includes the following topics: indexing, consequential
processing and the sorting of large files on disk and on tape, multilevel indexing and B-trees with
its variants, indexed sequential access to files, hashing and extendible hashing. The course is
supported with programming assignments on the studied topics, RAID, R-tree.
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1S512: Database Systems

alibud) a0 68 alai 1512l
Evolution of database management systems ,Relational Data Model and Relational Algebra
,Structured Query Language ,Entity Relationship Modeling and Design ,ERM to RM Conversion
, Tables Normalization.
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1S513: Analysis and Design of Information Systems

ila plaal) alid arauali g Julad 25134l
The aim of this course is to cover the topics related to the upper phases of the Information Systems
Development Life Cycle, which are the following: Planning of IS, the detailed analysis of IS, and
the Conceptual design of IS. Methodologies, techniques, activities, tasks, deliverables and
practical experiences related to the execution of these phases will be covered in the course.
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1S514: Fundamentals of Information Systems




Cila glaal) aldi il 151420
Fundamental concepts of the information systems- Information systems types and comoponents,
the information technology and its impact on information systems, the IS development cycle, the
information age and the information society — the IT indicators and the digital divide, and the
contemporary applications of IT in IS(E-Business, EGovernment, E-Commerce, E-Learning).
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1S515: Selected Topics in Information Systems-1

1 -l plaal) alii (45 e il g ga : 5154
Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the Department and listed under this course number.
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1S516: Selected Topics in Information Systems -2
2 -QLAJM\@E‘;ASJLE&AQLCJ&JA 5162
Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the Department and listed under this course number.
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1S517: Project

g9 517pa
Student will select one of the projects proposed by the department, the student should do analysis,
design and implementation.
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1S611: Advanced Database Systems

dadiial) cililed) 3o 68 ala3 1611 pad
Advanced Course In Database Systems: this course is designed as a 3" database course, it goes
beyond the relational database and covers object-oriented conceptual data modeling, UML and
EER object-oriented conceptual data models, object-oriented databases, object-relational
databases, and databases and the Web. A focus on database innovations and new technologies such
as Integration of databases, XML Databases, and data-warehouses are also included.
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1S612: Advanced Information Systems Engineering

dasiial) cila glaal) alii didia 1612 pad
The course covers advanced topics in information systems engineering including: Information
systems requirements definition, information systems design methodologies, information systems
implementation, information systems quality, information systems auditing
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Is 613 Object oriented analysis and design ) apancill s lal 613
This course is intended to provide an in depth understanding of object oriented approaches to
software development, in particular to the analysis and design phases of the software life cycle.
Topics include notation, methods, competing methodologies, issues in object oriented
development, and recent advancements which complement traditional object-oriented
methodologies
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1S614: Advanced Topics in Data Management

il 3130 A daditia Cle gua g0 1614 pad
The course is devoted to advanced and emerging issues in research, design, and development of
data management systems.
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1S615: Advanced Topics in Information Systems 1

1 cilaglaal) alai b dadiia cile gl 94 1615 gead
The course is devoted to advanced and emerging issues in research, design, and development of
information systems.
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1S616: Advanced Topics in Data Mining
i) 8 culidl) & dadiia Cle g 90 1616 gl
The course covers advanced topics in data mining including: Multidimensional data clustering,
data mining in unconventional databases, mining stream data, graph database mining, Web mining,
Multirelational Data Mining, Multimedia & Text Mining.

A0l e slee 8 il —(JWSEY) il —clil) @l ) daalall bl ae) 8 8 il — alayl) ddeie aenill
il gl saseie llll ac) B & il - (a geaill & il — 3 50l

IS617: Topics in Data Modeling
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This course addresses the essentials of data modeling, it includes: An overview of data modeling
concepts, techniques, and symbols. Anatomy of a comprehensive data model describing the
various components. Extensive details of entities, attributes, identifiers, and relationships.
Transition from data modeling to database design and implementation, data normalization, and
modeling for decision-support systems. Quality data modeling and agile data modeling in practice.
Trends in data modeling methodologies and techniques.
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1S618: Advanced Distributed Databases

daaiial) de j gal) cilibull alai 1618 o
The course covers new advanced concepts in distributed databases including: databases on mobile
and wireless networks, database for peer-to-peer systems, databases in the cloud computing
environments.
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1S619: Advanced Topics in Information Retrieval

ila glaall gla i) b dadiia e gl 94 1619 2o
The course introduces advanced topics and research advancements in information retrieval. It
includes: Indexing for information retrieval, evaluation of IR systems, relevance feedback and
query expansion, recommendation in IR systems, probabilistic information retrieval, clustering
and classification in information retrieval.
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1S620: Service Oriented Architecture and Web Services

Gusll cilasd g 4x gal) iladild) A 1620 pal
Principles of SOA, Software as a Service (SaaS), SOAP, Web service description, Web service
discovery, Web service composition, Web service security, Cloud computing and Web services
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1S621: Requirements Engineering

claliay) dwaid 1621 g
The course introduces concepts of and techniques used in requirement engineering. It includes the
topics: Domain understanding and requirements elicitation, requirements evaluation, requirements
quality assurance, requirements evolution, modeling requirements, integrating multiple views,
formal specification of system models.
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1S622: Data Management in Bioinformatics

4 gaal) la glaal) it 51) 1622 s
The course introduces the role of computer science in biology and presents algorithms and
techniques used in bio-sequence analysis, gene data analysis, protein structures, and protein
networks and their analysis,
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1S623: Topics in Enterprise Systems and Architectures

Sl gal) A1838 g alii 8 Cle guda 94 1623 pal
Introduce concepts and models of enterprise architectures including: Enterprise modeling,
enterprise modeling languages, enterprise architecture and architecture alignment, case studies.
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IS 624 E-commerce

Ay g S 3 il 1 624 e
This course is acomprehensive treatement of e-commerce and e-governement in general. The basic
concepts of each of them are covered such as development of E-commerce and so on
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IS 625 Information security i gl (53al5 625 ead
This course covers concepts and applications of system and data security. Topics include risks and
vulnerabilities, policy formation, controls and protection methods, database security, encryption,
authentication technologies, host-based and network-based security issues, personnel and physical
security issues, issues of law and privacy. Areas of particular focus include secure network design,
implementation and transition issues, and techniques for responding to security breaches.

Sl dglea 5 il 5 il dles 5 (4l

48 aal) cilaglaal) a3t 626 gl
This Course focuses on six key aspects of geographic information science: (1) geospatial
ontologies; (2) enterprise GIS; (3) GIS design; (4) geographic data mining and knowledge
discovery; (5) geographic data structure and algorithms; and (6) 3-D imaging and data
visualization. This is an immediate to high-level GIS course that provides in-depth knowledge and
skills to those who wish to author, serve, and use geospatial data in a more creative and innovative
way than simply clicking the mouse. The learning approach here is to use a small study group and
presentations. The class is organized into four groups based on prior knowledge, skills, and
interests of students in the following key areas: computer programming, cognitive science,
database design and systems, and computational geometry and mathematical techniques used in
GIS. There are nine studio exercises covering 3-D visualization and geographic database topics.
The two main goals of these studio exercises are (1) to provide students with a more focused hands-
on training and active learning experiences in a laboratory setting, and (2) to further stimulate the
curiosity of students more than the introductory GIS course does. Students taking this course are
not only expected but also encouraged to learn and design GIS projects from the knowledge, skills,
or tools acquired from the course
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IS 6262 geographic information systems GIS

IS 627 decision support systems DSS
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This course addresses the trend in decision making towards use of computer based decision support
systems that increase the effectiveness of the decisions. A decision support system uses analytical
models of management science, information from MIS and human judgment to come up with
recommendations Management Support Systems
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IS 628: Information visualization

la glaall 435 10 628 gl
The rise of the Information Age and the ascendancy of Computer Graphics come together in the
area of Information Visualization, where interactive graphical interfaces are used for revealing
structure, extracting meaning, and navigating large and complex information worlds.
This graduate level course will provide an in depth introduction to the state-of-the-art in
information visualization. Through a series of readings, video tapes and discussions, we will look
at various strategies that have been developed, including their static, dynamic, and interactive
aspects, and try to understand when, where and why they work. In addition there will be an effort
to place Information Visualization in the more general contexts of visualization (e.g., as used in
statistics and physics) and information work

IS 629: Introduction to HCI
A g Gl G Je il ¢ 629 pad
This course covers the basic elements of design, development, and evaluation of software user
interfaces. Much of the course is devoted to the scenario-based usability engineering
methodology, grounded in modern HCI theory, and with some additional coverage of graphical
user interface development concepts. Topics covered include: Usability engineering, Science of
HCI and User interface development concepts.
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IS711: Advanced Topics in Data Engineering
lld) dcaia i dadiie Gl g ga 2711 el
The course considers new directions in research progress in data engineering. Topics include
advanced transaction data models, multidimensional data organization, data cleaning, and data
provenance
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1S712: Advanced Topics in Information Systems 2

2 claglral) alii 2 dadiie e gud ga 1712 pad
Advanced Topics in one of information systems topics the course considers research progress in
information systems. Topics include advanced design methodologies of information systems,
information systems quality in software as a service paradigm.
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I1S713: Topics in Management of Special Data
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The course covers techniques and issues in managing non-traditional data like geographic
databases, moving objects databases, spatial and temporal data, RDF data ....
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I1S714: Advanced Web-based Systems Engineering
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The course covers advanced concepts and related research problems in building efficient Web-
based system considering web2 and Web3 technologies.
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1S715: Business Process Modeling and Workflow Systems
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The course introduces concepts of business processes, business process management and
modeling. It includes the topics: Business processes definition, process modeling, BPMN for
process modeling, process analysis and transformation, process orchestration
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1S716: Databases for New Computing Platforms
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The course considers the impacts and requirements of new computing platforms on building
database management systems, like new storage devices (e.g. flash memories), new hardware
technologies (e.g. GPUs), and new computer architectures (e.g. multicore processors).
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IS 717 System analysis and design methodologies
pranall g Jalad Cliaga 1717 g
alail)
The analysis and design phases’ system development life cycle are covered in detail.
Methodologies for syste, analysis, specification and design are coveed
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Focuses on current methods of implementing Al expert system topics include the structure of the
problem, methods to automate the acquisition of human experiential knowledge, methods to
automate the explanation of problem —solving behaviors.
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SC511: Calculus
Jalsilly Jaliil) a1 111 2
The types of functions, Limits and continuity, Differentiation; Applications of

differentiation; Integration; Techniques of integration; Applications of integration
Jalsill e il ; JalSall cadlaf ;) Jalll s dualaill e cligdas ;- Jualdill 3 Jladll s cililedll 3 J)sall g1 g3l

SC512: Discrete Mathematics

dalafial) cilpaly ) : 512 pa
1.Mathematical Logic: Statements, Connectives, Statement Variables and Formulas, Tautologies,
Equivalences and Implications, Disjunctive and Conjunctive Normal Forms, Inference Theory in
Statement Logic, Indirect Proofs, Automatic Deduction due to Hao Wang, First Order Predicate
Logic, Inference Theory in Predicate Logic, Prenex Normal Form, Herbrand’s Theorem,
Resolution Priciple.
2. Relations and Functions: Boolean Matrices, Join, Meet and Boolean Product, Directed Graphs,
Matrix and Digraph representations of Relations, Paths and Connectivity, Transitive Closures,
Warshall’s Algorithm, Growth of Functions Recursive Functions.
3. Lattices and Boolean Algebra: Partially Ordered Sets, Lattices, Modular and Distributive
Lattices, Complements, Boolean Algebra, Stone Representation Theorem for Finite Boolean
Algebras, Boolean Functions, Free Boolean Algebras, Relationship with Statement Logic.
4. Combinatorics: Permutations and Combinations, Permutations and Combinations with
repetitions Ordered and Unordered Partitions, Sterling Numbers of First and Second Kind,
Partition Functions, Linear Recurrence Relations(Difference Equations), Solution by
Characteristic Roots, Generating Functions.
5. Graphs and Trees: Graphs, Eulerian and Hamiltonian Graphs, Graph Colourings, Trees, Tree
Searching, Minimal Spanning Trees, Prim’s and Kruskal’s Algorithms.
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SC513: Introduction to Operations Research

Cilleal) &igag A dadia ; 5132
The course will introduce the principles of problem identification and definition, model
formulation, solution approaches, analysis and implementation. Well known OR areas such as
linear programming, integer programming, networks, project management and simulation models
are presented.
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SC514: Principles of Numerical Computations
o) cliluall e 514 aa
This course interdouce some princibles on errors in numerical computation, Machine
Computations, Computer Software. Algebraic and Transcendental Equations: Bisection method,
Iteration method, Method of False Position, rate of convergence, Method for complex root,
Muller’s Method, Quotient Difference method, Newton-Raphson Method. Numerical solution of
linear systems, Direct & Iterative methods, Numerical eigenvalue problems. Jacobi, Givens &
Householder's method for symmetric matrices, Hessenberg QR iteration. QR- Factoring,
LUFactoring, Cholesky (LLT) Decomposition, Singular Value Decomposition. Interpolation:
Introduction, Errors in Polynomial interpolation, Finite differences, Decision of errors, Newton’s
formula for interpolation, Gauss, Sterling, Bessel’s, Everett’s Formula, Interpolation by unevenly
spaced points, Lagrange interpolation formula, Divided Difference, Newton’s General
interpolation Formula. Curve Fitting, Cubic Spline & Approximation: Introduction, Method of
Least Square curve fitting procedures, fitting a straight line, Curve fitting by sum of exponential,
Data fitting with cubic splines, Approximation of functions. Numerical Integration and
Differentiation: Introduction, Numerical differentiation, Numerical integration, Trapezoidal rule,
Simpson 1/3 rule, Simpson 3/8 rule, Booles & Weddles rule, Euler-Maclariaun formula, Gaussian
Formula, Numerical evaluation of singular integrals. Numerical Solution of Ordinary Differential
Equations, Related software development.
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SC515: Programming Applications for Scienific Computation

Apalad) cilbuall Aol cilipdal ; 515 &
Fundamental principles, concepts, and methods of programming (C and MATLAB), with
emphasis on applications in the physical sciences and engineering. Basic problem solving and
programming techniques; fundamental algorithms and data structures; and use of programming
logic in solving engineering problems.

Al 3l o slell 8 lagdadl) e 58 5 e o (MATLAB 5 C ) Aol cadld 5 asaliall 5 Al tsaladl)
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SC516: Advanced Calculus (An Introduction to Multivariable Calculus)

(05a Ga ASY Jalsill g Jualiil) Glus ) JAde) adiia Jalsil) g Jalidl) cibus 1516 2
Introductory concepts and techniques for calculus with more than one real variable, including:
vectors and vector-valued functions; partial derivatives and applications; multiple integrals;
volume; surface area; theorems of Green, Stokes, and Gauss; and applications to physical
problems.
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SC517: Modeling and Simulation

Blslaall g dalalll :517 o

Mathematical Modeling: Principle of modeling, Elementary models, Models by nature of
environment, Models by the Extent of generality, Solution method for models, Characteristics,
Advantages and Limitations of a model, Discrete and continuous dynamical system modeling,
Modeling from input/output data, Stochastic Modeling, Queuing system modeling, Single server,
Unlimited queue model, Service in random order, Single server, Finite queue model, Multi-
channel queuing model.
Simulation: Introduction to simulation, General concept in discrete event simulation, Random
number generation, Nature of Simulation, Simulation models, Monte-carlo simulation , Event type
simulation, Demand pattern Simulation, Simulation in inspection work , Simulation of queuing
models, Simulation of job sequencing, Advantage of simulation , Limitations of simulation.
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SC518: Numerical Methods for Ordinary Differential Equations:

alad) Lbaliil) e alaall Lpamd) 3kl 1518 &
Introduction. Runge-Kutta methods- derivation, error bounds and error estimates. Weak stability
theory for Runge-Kutta methods. Order and convergence of the general explicit one-step methods.
Linear multi-step methods-derivation, order consistency, zero-stability and convergence. Weak
stability theory for general linear multi-step methods. Predictor-Corrector methods. Stiff systems.
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SC 519: Linear Algebra
Bl sl 1519 e

This course aims at introducing students to the linear algebra. Topics include: matrices, linear
equations, determinants, characteristic polynomials, and eigenvalues; QR factorization; vector
spaces and linear transformations; inner products; Hermitian, orthogonal, and unitary matrices;
bilinear forms; elementary divisors and Jordan normal forms.

SC520: Selected Topics in Scientific Computing (1)

(1) Aadadl clibual) 45 lida cle gua 9o 15208
Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the Department and listed under this course number.
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SC521: Selected Topics in Scientific Computing (2)

(2) el clibual) 5 lida cle g ga 1521 2
Topics which are not included in the curriculum and seems to be needed should be suggested as
an elective course by the Department and listed under this course number.
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SC522: Project

£ 9 1522 aa
Student will select one of the projects proposed by the department; the student should do analysis,
design and implementation.
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SC611: Advanced Applications of Modeling and Simulation

BlSlacall g A alll Cullaal b dadiia clindai 611 o
This course will focus on studying advanced approaches to computer simulation. Topics include:
recent trends in simulation methodologies, simulation techniques and languages; hybridization of
simulation approaches; recent algorithms for validation and verification. Several case studies will
be explored in details.
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SC612: Advanced Numerical Methods
adlia gaand) Juladl) 16128
Floating point arithmetic; conditioning and stability; numerical linear algebra, including direct
methods for systems of linear equations, eigenvalue problems, LU, Cholesky, QR and SVD
factorizations; interpolation by polynomials and cubic splines; Numerical quadrature; Nonlinear
systems of equations and unconstrained optimization; Fourier transforms; Monte Carlo methods.
¢ Aphal) ¥ alaall Lakai¥ 5 paball 5ok Gy b Le ¢ ganall Jaall ) ¢ )iy 5 Cayill ¢ dailall Ak Clua
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SC613: Scientific Computing and Visualization

il pall g Agalal) cilileaal) 1613 2
Particle and continuum simulations are used as a vehicle to learn basic elements of high
performance scientific computing and visualization. Students will obtain hands-on experience in:
1) formulating a mathematical model to describe a physical phenomenon; 2) discrediting the
model, which often consists of continuous differential or integral equations, into algebraic forms
in order to allow numerical solution on computers; 3) designing/analyzing numerical algorithms
to solve the algebraic equations efficiently on parallel computers; 4) translating the algorithms into
a program; 5) performing a computer experiment by executing the program; 6) visualizing
simulation data in an immersive and interactive virtual environment; and 7) managing/mining
large datasets.
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SC614: Numerical Methods in Partial Differential Equations

4 jad) Llalidl) el b dase 5k 16140



Finite difference and spectral methods for time-dependent problems. Hyperbolic and parabolic
systems, initial-boundary value problems of hyperbolic and parabolic types. Stability and
convergence theories for linear and nonlinear problems. Finite difference methods for elliptic
problems.
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SC615: Advanced Optimization

Lasiia 43854 1615 2
This course builds upon a solid background in linear, network, non-linear. Starting with topics
relating to mathematical programming, including path-following interior point methods, semi-
definite and cone programming, and convex optimization, an exposition of advance concepts in
multi-objective and network optimization will be made. Throughout the course, implementation
issues will be addressed, including stability and convergence properties.
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SC616: Graph Theory

JE 455 :616 &
Graphs, Blocks, Paths and circuits, Trees, fundamental circuits, Connectivity, Menger's theorem,
partitions, Eulerian and Hamiltonian graphs, Line graphs, tournaments, Factorization, Coverings,
Directed graphs, Capacitated directed networks, Max flow-Min cut theorem, Matrices, Planar
graphs, Four colour problem. Basic Diagraph Models and properties. Application to Time
Tabeling, Perfect Graph, Distance in Graphs, Band width , Searching, Dynamic Graph algorithm
, Algorithm on recursively constructed graphs maximum flows, minimum cost flow matching and
assignment network design model
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SC 617: Advanced Topics Scientific Computing

Lalal) cililual) A dadiia Cle g0 1617
This class will introduce the student to the fundamentals of parallel scientific computing. We will
first establish an understanding of different types of machines from the point of view of large-scale
floating-point-heavy workloads. This will include a study of CPU and GPU architectures,



interconnects, and forms of parallel memory. The practicalities of programming these machines
(MPI, OpenMP, OpenCL/CUDA) will be introduced, accompanied by homework assignments for
each of these three major approaches. Issues such as load balancing, communication, and
synchronization overhead will be addressed throughout, and established practice in the field in the
form of parallel numerical algorithms will be studied. Since a prerequisite for good parallel
performance is good serial performance, this aspect of high-performance computing will also be
addressed. Along the way important tools for scientific computing will be emphasized, including
for example debuggers, Makefiles, version control systems.
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SC 618: Advanced Applications of Modeling and Simulation

BlSlacall g Aa lalll uadlaal A dadiia et 618 o
This course will focus on studying advanced approaches to computer simulation. Topics include:
recent trends in simulation methodologies, simulation techniques and languages; hybridization of
simulation approaches; recent algorithms for validation and verification. Several case studies will
be explored in details.
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SC 711: Algorithms and Programming in Scientific Computing

dalal) claall b daa sl g cibia 315301 1711 2o
This course provides knowledge on specific algorithms of the Scientific Computing and their
implementation. The students learn how to apply that knowledge in the solution of practical tasks.
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SC 712: Robotics for Scientific Computing

A Gl g dpalad) cililual) 1712 2o
Introduction to robotic applications and research, spatial representation, robot kinematics, jacobian
matrix, motion trajectory, sensor and data fusion, sensor placement, imaging for robotics, object
identification, wireless communication. Micro-controllers, real-time operating systems and
computer interfacing.
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SC 713: Numerical Linear Algebra

gl dl) pal) 2713 aa
We teach how to solve practical problems using modern numerical methods and computers.
Central concepts are convergence, stability, and complexity (how accurate the answer will be and
how rapidly it is computed). Other tools include matrix factorization and orthogonalization.
Algorithms covered can, among other things, be used to solve very large systems of linear
equations that arise when discretizing partial differential equations, and to compute eigenvalues.
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SC 714: Algorithmic Graph Theory
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Introduction to graphs, Max-flow Min-cut theorem, Algorithms for computing maximum s-t flows
in graphs. Algorithms for computing the minimum cut in a graph, Edge and vertex connectivity of
graphs and Menger's theorem. Maximum matching, Hall's theorem, algorithms for computing
maximum matching in weighted and unweighted graphs. Arborescences and algorithm for
computing minimum arborescence, Edmonds therorem for disjoint arborescences. Planar graphs
and algorithms for checking for planarity. Edge and vertex colouring of graphs. Independent sets
and perfect graphs, Extremal graph theory.
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SC 715: Computational Geometry
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Visibility problems and triangulation, Line sweep and angle sweep; segment intersection, area,
perimeter, diameter, width. Planar Point location; Kirkpatrick's hierarchy, Persistent data structure,
Multidimiensional data structures: Segment trees, range trees, orthogonal range searching, Convex
hulls and Voronoi diagrams; 2d, 3d hulls, 2d Voronoi diagrams, dynamic maintenance, Duality
between hulls and Voronoi diagrams, Duality between lines and points, higher order VVoronoi
diagrams Arrangements: Construction and bounds, k-sets Zone theorem, Algebraic lower bounds;
Linear Decision model, Ben-Or's theorem, Randomized algorithms: Random sampling,
Incremental construction, Backward analysis Optimization: Monge matrices, Fixed dimensional
linear programming, Prune and Search Parametric search; k-th intersection, k-th nearest neighbour.
Recent topics: Instructor's choice.
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SC 716: Complexity Theory
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Turing machines and non-determinism, models of computation like RAM and pointer machines.
Relations between complexity classes. Time-space tradeoffs for some fundamental problems.
Reductions and completeness, Randomized complexity classes, Boolean circuit complexity.
Cryptography and one-way functions. Polynomial hierarchy, P-space completeness, Interactive
proofs and Hardness of approximation, Parallel complexity classes.
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SC 717: Computational Physics
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Overview of numerical methods for the simulation of problems involving solid mechanics and
fluid dynamics. The focus is on practical tools needed for simulation, as well as the necessary
continuous mathematics involving nonlinear hyperbolic partial differential equations. Possible
topics include the finite element method, highly deformable elastic bodies, plasticity, fracture, the
level set method, Burgers' equation, compressible and incompressible Navier-Stokes equations,
smoke, water and solid-fluid coupling.
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SC518: Networks Optimization
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This course includes Network problems in operations research, Concepts of graph theory, Network
representations, Network transformations, Shortest paths algorithms, Maximum flows algorithms,

Minimum cost flows algorithms, Generalized network models.
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SC 719: Advanced Topics in Operations Research and Decision Support-2
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This course will cover the advanced and hot issues in the field of operations research and decision
support and their applications for real decision making problems.
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SC 720 : Fourier and Wavelet analysis
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This course aims at introducing students to the mathematics of signal analysis and, at the same
time, setting the stage for more advanced topics in real and complex analysis. Students will learn
about modes of convergence (pointwise, uniform, and mean-square) of sequences and series of
functions in the context of Fourier series, Fourier transforms, and Haar and other wavelets.
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The Topics of this course include: Characteristic and minimal polynomial. Eigenvalues, field of
values. Similarity transformations: Diagonalization and Jordan forms over arbitrary fields. Schur
form and spectral theorem for normal matrices. Quadratic forms and Hermitian matrices:
variational characterization of the eigenvalues, inertia theorems. Singular value decomposition,
generalized inverse, projections, and applications. Positive matrices, Perron-Frobenius theorem.
Markov chains and stochastic matrices. M-matrices. Structured matrices (Toeplitz, Hankel,
Hessenberg). Matrices and optimization (e.g., linear complementarity problem, conjugate
gradient). Other topics and applications depending on the interest of the instructor. Examples are
Krylov subspaces, tensor and multilinear algebra, integer matrices, Schur complement, matrix
equations and inequalities, polar factorization and proper orthogonal decomposition, search
algorithms, applications to signal and image processing, matrices depending on parameters,
eigenvalues and singular value inequalities, functions of matrices.

SC 721 : Advanced Linear Algebra
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