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Course Code Course Title Credits | Prerequisite
CS600 Advanced Artificial Intelligence Concepts and 3
Techniques
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1. Objectives:
This course aims to give the student the ability to:

1- Describe the advanced concepts and techniques of artificial intelligence. (O1)

2- Solve the problem using the advanced techniques and algorithms of artificial intelligence.

(03)

3- Compare and analyze the advanced algorithms and techniques of artificial intelligence. (02)
2. Content:
This course covers the advanced concepts and techniques of artificial intelligence. Topics include
agents, solving problems by searching, constraint satisfaction problems, advanced search, advanced
knowledge representation and reasoning, uncertainty, meta heuristics, and theorem proving.

S | On the practical sessions, the students will apply these concepts and techniques using any Al
= programming language or software tools.
5 | o Assessment methods.
é - Quizes.
Q - Assignments.
{ .
3 - Reports.
®) - Midterm and Final Exams.
(.9"\"‘ g,lh:.a CJ\-\?}“ Sds )j_al\ O\}'.F )jﬂ.\ Vé)j )
3 Lodddl Al OIS Je ey
iy |

ssle 1ol Qllall ) oKs o aall 13 Cangs
Joe Ul duae) Sl daadiuall cilie ) ) a5 Aalida) ) il 5 23kl Cuay - )
Aclihaal) duasll G o A Aas dgale 48 5 jmje -
Baaae e ae Jalall a1 AN 3 a0 jlial oY
.@gﬁa&“—ﬂb;&m&cw\ Al LS gaada - €
1ssiaal) Y
Zii e anal sall ikt g calaill Clpa ) sa g Apnanll KL 7 3lai 5 Appaand) zlaill LT 5 aalia ) jiall 138 a2y
Cilag pall Jans e Ape ) ) 53 laaiV) 73 el alaill e ) 8 Gue L) dynanll A8 ceall 5 4y soad) Ayuanll 4al) A guaall L)
ISl 7 3lai (5 shall alel) ol i puzaladl ye aledll ol D qualal) alaill saladll 3k sl ol Adgdall cld A8l 3oy
Caai A0 4S8 pUad B el jully aleil) o ghusl 5 cilidall Baneie Sl | cala¥) olad¥) oy clulll ey 5 dguanl)
5l anlall ye aledll SVM s LVQ <ilSud olas¥) duSaie lSuil) aliy s 3805 5 48 jliiall 3 ,SIA Y] Ll
PCA 5 SOM il
e{gﬂ! JJLAAJ °
.k—\‘-.*%‘j -
o -
Al dlad o Ll -

| o 9

¥

Course Code Course Title Credits Prerequisite

CS601 Advanced Neural Networks 3
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Course Description

1. Objectives:
This course aims to give the student the ability to:

1- Describe different neural networks models and architectures and training algorithms. (O1)

2- Present a selected current article in the field of Artificial Neural Networks. (04)

3- Select the appropriate network model for a given problem. (02)

4- Apply neural networks in practical problems. (O3)
2. Content:
This course covers the concepts and the techniques of neuron models, neural network models,
learning algorithms and applications. Topics include the following: Neuron models: biological neuron
and the brain, artificial neuron. Learning rules, Regression model, Least-Mean-Square algorithm.
Single layer perceptron, learning paradigms: supervised, unsupervised and reinforcement. Neural
networks models and architectures. Feed-forward networks, Multilayer perceptron and back-
propagation. Radial-Basis function network, Associative memory and Hopfield network. Recurrent
networks. Learning Vector Quantization. Support Vector Machines. Unsupervised learning and
clustering: Self Organizing Maps. PCA.
e Assessment methods.

- Quizes.

- Assignments.

- Reports.

- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite
CS 602 Design of Problem Solvers 3
1. Objectives:
This course aims to give the student the ability to:
1- Describe variety of ways to build Al reasoning systems. (O1)
2- Discuss tradeoffs that designers of reasoning systems face, and typical categories of
solutions. (O2)
3- Describe the truth-maintenance systems. (O1)
4- Build problem solvers using larg-scale knowledge bases. (O3)
c 5- Construct problem solvers using current analogical processing techniques. (04)
2 | 2. Content:
.2 | This covers the concepts and the techniques of designing of problem solvers. Topics include pattern-
§ directed rule systems, truth-maintenance systems, and constraint languages. Building software that
% reasons is one of the key activities of artificial intelligence. Such as on-board diagnosis systems,
g intelligent CAD systems, shopbots, natural language processing systems, and intelligent tutoring
G | systems and learning environments. The course also covers the using of reasoning software as a
component in building cognitive simulations, software designed to model aspects of human
cognition.
e Assessment methods.
- Quizes.
- Assignments.
- Reports.
- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite
CS603 Advanced Machine Leaning 3 CS 601

1. Objectives:
This course aims to give the student the ability to:
1- Describe fundamental concepts of machine learning. (O1)
2- Explain paradigms for learning, challenges in data, model selection, model complexity and
model evaluation. (O2)
3- Compare machine learning algorithms including strengths and weaknesses. (O1)
4- Design and implement solutions for real machine learning problems using scientific
programming language. (O3)

S 2. Content:
£ | This course covers: Supervised learning: regression, Bayesian, decision trees, ensemble Learning
s | and random forests, neural networks, support vector machines, k-nearest neighbor. Unsupervised
& | leaning: clustering, k-means, hierarchical clustering, association mining, dimensionality
% reduction, principal components analysis, topic modeling. Reinforcement Learning, Learning
g Theory. Other topics (selection): regularization, model evaluation and selection, kernel methods,
S probabilistic modeling, Hidden Markov models, EM, VC-dimension, deep learning, learning from
heterogeneous, distributed data and knowledge. The practical side covers the use of one of the
programming languages such as Python in implementing the aspects of the course and creating an
application in field of machine learning.
e Assessment methods.
- Quizes.
- Assignments.
- Project.
- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS604 Advanced Pattern Recognition 3

Course Description

1. Objectives:

This course aims to give the student the ability to:

1- Describe the fundamental concepts of pattern recognition. (O1)

2- Describe methods used in pattern recognition. (O1)

3- Select the appropriate recognition technique for a given problem. (02)

4-  Apply appropriate pattern recognition techniques in practical problems. (O3)
2. Content:

The course covers: Parallel and sequential recognition methods, scene analysis, syntactic pattern
recognition, shape analysis and recognition. Covering theoretical foundations of classification and
pattern recognition and discuss applications of pattern recognition: applications in character
recognition - optical character recognition (OCR), speech and face recognition, and some
applications in automation and robotics (industrial robot vision and medical diagnosis). Moreover,
this course will include some topics such as: Bayesian decision theory, discriminate functions for
normal class distribution, pattern estimation and supervised learning, nonparametric techniques
linear discriminant functions and learning, unsupervised learning and clustering, neural networks
including multilayer perceptron, stochastic algorithms (such as genetic algorithms). Practical
aspects include practical exercises on the methods of patterns recognitions using one of the
programming languages or specialized applications.
e Assessment methods.

- Quizes.

- Assignments.

- Reports.

- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS605 Expert Systems 3

1. Objectives:

This course aims to give the student the ability to:
1- Define the fundamental concepts and classes of expert systems. (O1)
2- Describe knowledge representation and processing in expert systems. (O1)
3- Analyze and compare existing expert systems. (02)

2. Content:

Intelligence and to Knowledge-Based Systems. Distinguishing features and benefits of Expert
Systems. The theoretical foundations of expert systems. The representation and manipulation of
knowledge in a computer (rule-based representations; logic-based representations; taxonomies;
frames; semantic and partitioned nets). Expert System Architectures. An analysis of some classic
expert systems. Building Expert Systems. Methodologies for building expert systems: knowledge
acquisition and elicitation; formalization; representation and evaluation. Knowledge Engineering
tools.
e Assessment methods.

- Quizes.

- Assignments.

- Reports.

- Midterm and Final Exams.

Course Description

This course covers: the types of Expert Systems, the relationship among Expert Systems, Artificial
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Course Code Course Title Credits Prerequisite

CS606 Advanced Information Retrieval 3

1. Objectives:

This course aims to give the student the ability to:
1- Describe the fundamental concepts of information retrieval. (O1)

data. (02)

(02)
4- Build information retrieval systems for web-based and other search tasks. (O3)
5- Analyze the performance of retrieval systems using test collections. (02)
2. Content:

Course Description

and principles that are at the heart of various systems for information access, such as Web or
enterprise search engines, categorization and recommender systems, as well as information
extraction and knowledge management tools. Advanced techniques for text-based information

issues; web-based search including crawling, link-based algorithms, metadata web data and text

2- Apply information retrieval principles to locate relevant information in large collections of

3- Explain efficient techniques for the indexing of document objects that are to be retrieved.

The course presents the field of information retrieval which covers: The automated techniques to
effectively handle and manage unstructured and semi-structured information. This includes methods

systems: text indexing efficiency; vector and vector-space retrieval models; valuation and interface
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mining. On the practical side, the student will implement a project in the field of information
retrieval.

e Assessment methods.
- Quizes.
- Assignments.
- Project.
- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS607 Advanced Natural Languages Processing 3

1. Objectives:

This course aims to give the student the ability to:
1. Identify natural language processing algorithms and models. (O1)
2. Design and develop natural language models. (O3)
3. Explain methods used in translation and extraction of information. (O2)
4. Develop applications in the field of natural language processing. (03)
2. Content:

This course aims to explain how computer’s methods and technology can be used for processing the
natural language. Topics include language modeling, linguistics, words and lexicon, hidden Markov
models, deterministic and stochastic grammar, parsing algorithms, corpus-based methods,
information retrieval and information extraction, and language translation. On the practical side, the
student will implement a project in the field of NLP.

Course Description
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e Assessment methods.
- Quizes.
- Assignments.
- Project.
- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS608 Bioinformatics 3
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1. Objectives:
This course aims to give the student the ability to:

a given specific problem in molecular biology. (02)
3. Work in a team on projects and discuss the social and ethical impacts of the project
outcome. (O4)
2. Content:
This course introduces fundamental concepts and methods for structural bioinformatics and the

DNA and protein molecules, advanced sequence and structure alignment methods, methods of
protein folding and protein structure prediction (homologous modeling, threading and ab initio
folding), basics of molecular dynamics and Monte Carlo simulation, principle and application of

Course Description

with the objective to help students to use the cutting-edge bioinformatics tools/methods to solve
problems in their own research.

e Assessment methods.
- Quizes.
- Assignments.
- Project.
- Midterm and Final Exams.

machine learning, and techniques of protein structure determination (X-ray crystallography, NMR
and cryo-EM). Emphasis is on the understanding of the concepts taught and the practical utilization,

1. Define the contents of the most important bioinformatics concepts and algorithms. (O1)
2. Select the most appropriate bioinformatics database and method to develop a solution to

advanced applications. Topics covered include sequence and subsequence, structure and function of
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CS609 Advanced Digital Image Processing 3
1. Objectives:
This course aims to give the student the ability to:
1. Explain digital images representation and manipulation on computer. (O1)
2. Implement the fundamental image processing algorithms using an appropriate programming
language. (O3)
3. Describe mathematical representation of image processing techniques. (02)
2. Content:
S | The course covers the techniques of digital image processing and analysis. Course topics include:
£ | image sensing and acquisition, some basic gray level transformations for image enhancement, image
S | contrast enhancement using histogram processing, image smoothing using spatial filters, image
& | sharpening using spatial filters, point, line and edge detection, basic global and adaptive
% thresholding for image segmentation, optimal global and adaptive thresholding for image
g segmentation, region-based image segmentation and edge-based segmentation, image restoration in
5 the presence of noise-spatial filtering and image enhancement. The practical section contains
training and practical aspects of these techniques using one of the programming languages or some
specialized software like MATLAB software.
e Assessment methods.
- Quizes.
- Assignments.
- Project.
- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite
CS610 Advanced Computer Vision 3
1. Objectives:
This course aims to give the student the ability to:
1- Explain the fundamentals, applications and techniques of computer vision. (O1)
2- Discuss different phases of computer vision process. (02)
3- ldentify the principals and techniques of information extracting from digital images. (02)
S 4- Design and implement high-level computer vision applications. (03)
= | 2. Content:
£ | The goal of this course is to provide the concepts and applications of computer vision and how to
& | deduce the properties and structure of the three-dimensional world from one or more two-
% dimensional images. Topics include image acquisition, the digital image and its properties, image
g preprocessing, segmentation, shape representation and object recognition, motion analysis, and case
8 studies like object recognition and object tracking.
e Assessment methods.
- Quizes.
- Assignments.
- Project.
- Midterm and Final Exams.
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CS611 Intelligent Systems 3

1. Objectives:
This course aims to give the student the ability to:

1. Gain deep understanding of the underlying principles and philosophy of computational

intelligence systems technologies. (O1)
2. Determine which type of intelligent system methodology would be suitable for a given type
of application problem. (O2)

3. Design and implement intelligent systems for real applications. (O3)
2. Content:
This course focuses on the using of Al in solving real world problems for which solutions are
difficult to express using the traditional algorithmic approach. It explores the essential theory behind
methodologies for developing systems that demonstrate intelligent behavior including dealing with
uncertainty, learning from experience and following problem solving strategies found in nature.
The course covers the common intelligent systems methodologies; such as Rule-based systems,
Fuzzy inferencing, Artificial neural networks, Evolutionary computation, Data Mining, Case-based
reasoning, Probabilistic reasoning, Intelligent agents. The concepts that help in determine which
type of intelligent system methodology would be suitable for a given type of application problem.
On the practical section student will demonstrate, in the form of a project work, the ability to design
and develop an intelligent system for a selected application.
e Assessment methods.

- Quizes.

- Assignments.

- Project.

- Midterm and Final Exams.

Course Description
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1S667 Advanced Decision Support Systems 3

1. Objectives:
This course aims to give the student the ability to:
1. ldentify the types of problems that may be addressed effectively through the use of Decision
Support Systems and Intelligent Systems. (02)
2. Plan for a major Group project and successfully execute the steps in the plan. (O4)
3. Create models of Decisions using variety of notations and techniques. (O3)
4. Apply critical thinking, analytical reasoning, and problem solving skills for a given problem.
(04)
2. Content:
This course delivers an outline on Decision Support Systems (DSS). Topics include the policy
principles behind DSS, scientific fundamentals of DSS, and applications of DSS. Students learn
how to classify and chose applicable DSS that is suitable for the development of state-of-the-art
enterprise solutions useful for the enhancement of data-driven enterprise decision making.
e Assessment methods.

- Quizes.

- Assignments.

- Project.

- Midterm and Final Exams.

Course Description
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Course Code Course Title Credits Prerequisite

CS612 Multi-Agent Systems 3

1. Objectives:

This course aims to give the student the ability to:
1. Describe the concepts and techniques of designing the intelligent agent. (O1)
2. Identify multi-agent systems. (02)
3. Compare and analyze the algorithms and techniques of multi-agent systems. (02)
4. Design multi-agent systems. (O3)
2. Content:

e The designing of intelligent agents: reasoning agents (eg AgentO), agents as reactive systems
(eg subsumption architecture); hybrid agents (eg PRS); layered agents (eg Interrap) a
contemporary (Java-based) framework for programming agents (eg the Jack language, the
JAM! system.

e Multi-Agent Systems: classifying multi-agent interactions - cooperative versus non-
cooperative; zero-sum and other interactions; the Prisoner's dilemma and Axelrod's
experiments; Interactions between self-interested agents, auctions & voting systems:
negotiation; Interactions between benevolent agents, cooperative distributed problem solving
(CDPS), partial global planning; coherence and coordination; Interaction languages and
protocols: speech acts, KQML/KIF, the FIPA framework)

e Algorithmic, game-theoretic and logical foundations of multi-agent systems: including
distributed optimization and problem solving, non-cooperative game theory, learning and
teaching, communication, social choice, mechanism design, auctions, negotiation, coalitional
game theory, logics of knowledge and belief, collaborative plans and social systems.

e Assessment methods.

- Quizes.

- Assignments.

- Project.

Course Description
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- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS613 Selected topics in Al applications 3 CS600

1. Objectives:
This course aims to give the student the ability to:
1. Investigate new and promising methods and their applications in the field of Al. (O4)
2. Search literature to outline the state-of-the-art within a specific research field. (O4)
3. Assess critically scientific papers. (O4)
4. Design and conduct experiments using Al methods, with emphasis on evaluation. (O3)
2. Content:
Advanced topics selected from current journals or current products in Al and its applications that
deal with theoretical development or applications in the field of Al
e Assessment methods.
- Siminars, presentations and reports .
- Assignments.
- Project.
- Midterm and Final Exams.

Course Description
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Course Code Course Title Credits Prerequisite
CS614 Practical Deep Learning 3 CS603

Course Description

1. Objectives:
This course aims to give the student the ability to:

1. Comprehend the fundamentals of deep learning. (O1)

2. Discuss the main techniques in practical deep learning. (O2)

3. Design and implement deep learning systems to solve real problems. (O3)

4. Explain best practices in modeling and managing research experiments. (O4)
2. Content:
This is a practical course through which the student will learn how to build and structure models best
suited for a deep learning project, student will use any powerful software, for example Python and
TensorFlow. Through the course, students will use the software to build models of different
complexity, from simple linear/logistic regression to convolutional neural network and recurrent
neural networks to solve tasks such as word embedding, translation, optical character recognition,
reinforcement learning. Students will also learn best practices to structure a model and manage
research experiments.
e Assessment methods.

- Quizes.

- Assignments.

- Project.
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- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS615 Knowledge Discovery and Data Mining 3

Course Description

1. Objectives:
This course aims to give the student the ability to:
1. Define the fundamental approaches of knowledge discovery and data mining. (O1)
2. Discuss in depth a variety of data mining techniques. (02)
3. Select the most appropriate data mining algorithm and evaluate the quality of discovered
knowledge. (02)
4. Develop computational models for knowledge discovery in multiple real-world application
domains. (O3)
2. Content:
This course introduces the knowledge discovery and data mining (KDD) concepts, tools and methods.
Topics covered in this course include the knowledge discovery process and data mining methods such
as rule-based learning, decision trees, and association rules. The course explores also how KDD brings
together techniques from artificial intelligence, machine learning, statistical data analysis, data
visualization, databases, and information retrieval. Application of KDD process in scientific and
industrial domain is discussed. In addition, this course provides a hands-on experience based on
projects involving the students in the analysis of large real-life data using the currently used data
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mining tools.

e Assessment methods.

Seminars, presentations and reports.
Assignments.

Project.

Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CEG618 Advanced Robotics and Automations 3

Course Description

1.

o

S.
2.Con

1. Objectives:
This course aims to give the student the ability to:

Recognize the basic principles, the software and hardware architectures of robotic system.
(01)

Describe the essential issues of analysis and design of robotic systems (02)

Design and develop simple robotic systems. (03)

Identify robotic programming and control issues. (O4)

Simulate and implement algorithms for mobile robots. (O3)

tent:

This course covers: The design and development of robotic systems. Emphasis is on the
multidisciplinary nature of robotic systems, including system design, feedback control systems,
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vision-based control, and autonomy. Participants will obtain detailed knowledge of the techniques
needed to develop and implement manipulation and semi-autonomous/autonomous robotic systems.
Major topic areas include manipulator kinematics and dynamics, closed-loop control for robotic
systems, mobile robots, vision techniques for robotics, building robotic systems, and autonomous

systems.
e Assessment methods.
- Quizes.
- Assignments.
- Project.
- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS616 Optimization Algorithms 3 CS602
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Course Description

1. Objectives:
This course aims to give the student the ability to:

1. ldentify the basic ideas of the optimization algorithms and formulation of optimization

problems. (O1)
2. Use optimization algorithms to solve a number of real-world optimization problems. (O3)
3. Obtain exposure to a number of real-world applications of optimization through an
instructor- and student-selected journal article review. (O4)

4. Analyze some of the optimization algorithms. (O2)
2. Content:
Optimization algorithms aim to make good decisions when we have many possibilities to choose
from. Its applications are ubiquitous throughout modern societies; such as solving sudoku puzzles,
scheduling of planes and their crew, organization of iron production, organization of the phosphate
transportation from the mines to the ports, decisions on the use of scarce or expensive resources,
organization of packages daily delivery routes, making of school timetables, power delivery to our
homes, etc. Despite their fundamental importance, these problems are a nightmare to solve using
traditional undergraduate computer science methods.
This course investigates a number of concepts and techniques commonly referred to as optimization
algorithms; such as mathematical programming, local search, greedy algorithm, genetic algorithms,
particle swarm and ant colony optimization techniques, etc. Students will extend their understanding
of how to solve challenging optimization problems by learning more about intelligent algorithms used
to solve them, and how to adapt these algorithms to solve high-level modeled optimization problems.
By better understanding the characteristics of these algorithms, students will both improve their
modeling capabilities, and be able to choose, design and implement the most appropriate algorithms
to use.
e Assessment methods.

- Quizes.

- Assignments.

- Reports.

- Midterm and Final Exams.
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Course Code Course Title Credits Prerequisite

CS 617 Research Ethics and Methods 3

1. Objectives:
This course aims to give the student the ability to:
1. Analyze and critically evaluate published articles relevant to their research work. (O4)
2. Demonstrate the ability to choose methods appropriate to research aims and objectives. (04)
3. Critique quantitative and/or qualitative research methodologies relevant to their research
work. (0O4)
4. Recognize and identify the ethical principles of research work. (O4)
2. Content:
This course provides graduate students knowledge and research skills through critical exploration of
research language, ethics, and approaches. The course introduces the language of research, ethical
principles and challenges, and the elements of the research process. Graduate students will use these
theoretical underpinnings to begin to critically review literature relevant to their field or and
determine how research findings are useful in forming their understanding of their work. The
student must present a seminar in one of the currents researches or projects in the area.
e Assessment methods.
- Assignments, Reviews of Research Papers, Reports, ...
Midterm Exam
Final Exam.

Course Description
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**** | Free Course (based on department approval) 3
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1. Content:

Course
Description

university, subject to the prior approval of the department and the college.

The student can study a course from other departments or colleges at the PSAU university or other
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CS666 Research Project 4

1. Objectives:
This course aims to give the student the ability to:

1. Criticize literature related to the project. (O4)

2. Justify choices in theoretical goals, experimental design, and implementation. (O4)

3. Analyze and assess results of the conducted research. (O4)

4. Write a scientific project report. (O4)
2. Content:
The student has to work in project under the supervision of a faculty member for a specific
problem in the area of Al, to afford them with the necessary research and business skills
relating to their professional career, including literature searching and evaluation, technical
report including: outlining solution to the problem, defining the scope of the MSc project, its
goals, and the methodology to be undertaken. The project will be related to a real problem in
the industry, the public sector as well as from other scientific disciplines.

e Assessment methods.

- Project presentation and discussion in front of a Committee

- Evaluation of the project report
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