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. . Credit - Course
Code Course title Prerequisite Practical / [Type* Semester
hours Lect. . Status
Tutorial
0 Sluzaly)
FRIA ,
MAL11 Mathematics 0 et e 0 2 0
aladl bl
MA112 3 2 2 P
Computer Fundamentals
) | & dadia
MALT3 (P o e 3 2 2 T
Introduction to Linear Algebra
English Language
o " Core First
A ) g3
MA114 )&S J-’ J- . 3 2 2 T
Electric Circuits
AalSael) daa )
BC111 T B )J . 3 3 3 P
Structured Programming
MA115 |1 <=t 2 2 1 T
Mathematics 1
MA116 1 sban) g YWia] 2 2 1 T
Probability & Statistics 1
Total credit hours 18

AU (5o (15) saball s ) jall a3 ko pra 55
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. Teaching hours
. L. Credit Course
Code Course title Prerequisite Practical / | Type Semester
hours Lect. Status
Tutorial
oo lilaal) olSA 8 alia MA112
ML121 Concepts in Artificial Intelligence Computer 2 2 1 T
Fundamentals
05l Aaly Aa ) A Aadia BC111
BC121 Introduction to Programming with Structured 3 2 2 P
Python Programming
MAL21 |2 sbeasls olaial MAL16
.- .. Probability & 2 2 1 T
Probability & Statistics 2 o Core
Statistics 1
HU121 | alall ySal) 3 3 ) ’
Scientific Thinking
Az aiaa Llad Second
Societal Issues
.y . MA114
BC122 L‘-’ , ‘I’) , Electric 2 2 2 P
oge Lesign Circuits
MA113
2ae Jalsg Introduction
MA122 275 = . . 3 2 2 p
INumerical Analysis to Linear Elective
Algebra (1 course)
MA123 Pl sl 5 , , .
Discrete Mathematics
Total credit hours 18
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i Teaching hours
. . Credit - Course
Code Course title Prerequisite Practical / | Type Semester
hours Lect. . Status
Tutorial
ALY ales 8 dadia ML121
ML211 [Introduction to Machine Learning Concepts in 3 5 5 b
Artificial
Intelligence
gl 5 canlally 450 A dadia MA113
RB211 introduction to Computer Vision and Introduction to 2 2 2 P
Robotics Linear Algebra
Al Al BC111
BC211 Object Oriented Programming Structured 3 2 2 P Core
Programming
BC212 ‘.—‘*‘u\ A BC122 3 2 1 p
Computer Architecture Logic Design First
sl S MA112
ES211 Computer Networks Computer 2 2 2 p
Fundamentals
Aalall 20 HU111
HU211 Scientific Writing English 3 2 - H
Language
i il 3 slaall MA121
MA211  lgisinformatics Probability & | 2 2 2 T
Statistics 2 Elective
u gl = Gl 5 ila glzall t\;)l.u\ BC111 (1 course)
MA212 \[hformation Retrieval and Web Search Structured 2 2 2 T
Programming
Total credit hours 18
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Teaching hours
Cod ¢ itl g isit Credit - Course s '
ode ourse title rerequisite ; e emester
& hours Lect. Practical / | 'YP€ | g4 atus
Tutorial
L) ac) @ BC111
BC221 Ipatabases Structured 3 2 2 P
Programming
R IVEN [[PATRY RER U ML211
BC222 [Fundamentals of Computational Introduction to 5 5 5 o
Intelligence Machine
Learning
Ll JSLa b desia BC211
I i D j
BC223 |Introduction to Data Structures Object 5 5 ) T
Oriented
Programming
Aanplall Clall) Aallee 8 Aedia ML121
. . c
RB221 Introduc.tlon to Natural Language Concepts in 5 5 5 T ore
Processing Artificial
Intelligence
BERENA BC212
BC224  |Operating Systems Computer 2 2 2 T Second
Architecture
e Slaal) 823000 Aalai¥] apanal b datie BC211
BC225 . . Object
Introduction to Multi Agent Systems ) 2 2 2 P
. Oriented
Design .
Programming
sl ES211
BC226 Computer Security Computer 2 2 2 T
Networks
RB211
VA1 sl il Introduction to
. Computer 2 2 2 P
Fundamentals of Computer Graphics - .
Vision and Elective
Robotics (1 course)
|l o sle bl
MA222 " [Fyndamental Science of 2 2 2 T
INanotechnology
Total credit hours 18

3 (e %0+ qalllall jlia sy cha (5 (8 024) ol (fiaaina (el Jlay g ki) (Sl ia quoa ) ALY,
A 4 U clelud)
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i Teaching hours
. . Credit - Course
Code Course title Prerequisite Practical / | Type Semester
hours Lect. . Status
Tutorial
RB211
AR Introduction to
RB311 . .. Computer 3 2 2 P
Computational Vision o
Vision and
Robotics
ML211
aand) aladl) ol Introduction to
M3 [ S e . _ 3 2 2 p
Fundamentals of Deep Learning Machine
Learning
e a5 305 sidd) s BC212 Core
BC311 o . Computer 3 2 2 P
Parallel and Distributed Computing )
Architecture
BC273 First
il ) oadl 8 dania
BC312 L . Introduction to| 3 2 2 T
Introduction to Algorithms
Data Structures
. BC211
A sanall 3 a3l Cilima yll y sha Obiect
ec
ES311 |Software Development for Mobile ) ) 3 2 2 P
. Oriented
Devices i
Programming
) LEY) Aalas MA115 3 2 2 P
MA3I11 |.. . .
Signal Processing Mathematics 1
Elective
L) e BC223 3 2 2 P (1 course)
MA312 T Introduction to
Data Analysis
Data Structures
Total credit hours 18
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Teaching hours
Code Course title Prerequisite Credit ; Type Course Semester
a hours lect, | Practical/ YPEI status
Tutorial
535 ) o (g8 ymal) Jaladl) il RB311
RB321 |Fundamentals of Cognitive Interaction  |Computational| 3 2 2 P
with Robots Vision
Marketing and Presentation Skills
BC311 Core
BC321 Aadiall ‘—‘1-'1-)-‘3‘ d.-.‘hjj' il A *—‘:‘9-‘3“ Pa.\ral'lel and 3 5 5 b
Data Mining and Big Data Analysis Distributed
Computing
" . ES211
Es321 [l Aamsal
. Computer 3 2 2 P
Cloud Computing
Networks Second
BC211
“liaa ) aread 3 Object
BC322 [~ mesic ©l 3 2 2 P
Software Design Patterns Oriented
Programming
BC323 5 aall 5 Jalisal) a8 gl RB311 Elective
. . Computational 3 2 2 P
Mixed and Augmented Reality O (2
Vision courses)
BC222
BC324 i) Jiial Fundamentals
. of 3 2 2 P
Knowledge Representation .
Computational
Intelligence
Total credit hours 18
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i Teaching hours
i L. Credit - Course
Code Course title Prerequisite Practical / | Type Semester
hours Lect. . Status
Tutorial
B ES211
e Ll syl
ES411 . Computer 3 2 2 P
Internet of Things
Networks
oo lilaal) oSOl AabaiY) aranaid BC312
MLA411 [System Design for Artificial Introduction to| 2 2 2 P
Intelligence Algorithms
BC311
BSA ) Al ac s dalaif Parallel and
MLgly [ I pes o 2 2 2 p
Intelligent Decision Support Systems Distributed Core
Computing
. ML311
Lalasy) o yaill g dac o al) dy5 )
. é‘: u.)’.d}w Reat Fundamentals
RB411 |Artificial Vision and Pattern 2 2 2 P
.. of Deep
Recognition .
Learning
) 52y pedil) .
HUA411 sl ) Umx e 2 2 i, T First
Cognitive Psychology
i B
G411 [ B . 3 . 6 G
Intelligent System Project (a)
BC321
Ad) jaad) Cile glaall alas Data Minin
Brapy [T Shebddes VInE ) 3 : T
Geographical Information Systems and Big Data
Analysis
ES311
i) Jala A sall L ol ¢33 Software Elective
BC412 |The Computing Technology Inside Development | 2 2 2 T | (1 course)
Y our Smartphone for Mobile
Devices
BC312
Slazll 5 3laiall
BC413 |, ? . Introduction to 2 2 2 T
Reasoning and agents )
Algorithms
Total credit hours 16
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Teaching hours
Code Course title Prerequisite Credit Practical / Type Course Semester
hours Lect. Status
Tutorial
Gpa11 ((%) & _ ) ) 6 G
Intelligent System Project (b)
ML412
(sebiball oS3 A duigall A jlaall Intelligent
ES421  |professional Practice in Artificial Decision 3 2 2 P
Systems Support
Systems
ML411
System
BC421 e )L,ﬁs\. DeZign for 3 2 2 P core
Software Testing o
Artificial
Intelligence
ML412
il il ) Intelligent Second
ML42] #5500 Decision 3 2 2 p
Genetic Algorithms
Support
Systems
RB411
Esa22  [RRE A Skl Gaeall ol Avrtificial Vision 5 5 5 o
Deep learning for Self-Driving Cars and Pattern
Recognition
BT ad) 3 e llay) elS3) bl ESa11 E'ec;"e
ES423  |rundamentals of Artificial Intelligence Internet of 2 2 2 P Cou(rses)
in Smart Cities Things
STV AU IR TR PR PR ]
ES424  INanotechnology and Artificial 2 2 - T
Intelligence
Total credit hours 16

20




i ol | @
JOE) (S i

MA111: Mathematics-0 [0 H]

Prerequisite: None

Functions, relations, limits. Basic trigonometric functions. Differentiations of different functions.
Calculus of different functions. Definite integral and its applications. Geometry and measurements in
2D and 3D.

MAT112: Computer Fundamentals [3 H]
Prerequisite: None

This course aims to understand the fundamental concepts that underlie computer systems,
programming languages, and software development. The course covered topics such as A brief
overview of the evolution of computers, from early mechanical devices to modern digital systems An
introduction to the components of a computer system, including the central processing unit (CPU),
memory, storage devices, and input and output devices The function of operating systems as well as a
comparison of popular operating systems such as Windows, MacOS, and Linux Examining how data
is represented and stored in a computer, covering concepts like binary, hexadecimal, and ASCII
encoding. Programming Fundamentals include algorithms, data structures, and basic programming
constructs such as loops, conditionals, and functions.

The aims of this course are to:

e Make the students understand and learn the basics of computer how to operate it, to make familiar
with the part and function of computer, its types, how to use computer in our day to day life, its
characteristics, its usage, Limitations and benefits etc.

e Be able to operate a computer by knowing of all the parts and main function of computer.

MA113: Introduction to Linear Algebra [3 H]
Prerequisite: None

An introduction to linear algebra, concluding with an introduction to abstract vector spaces. The
principal topics are vectors, systems of linear equations, matrices, eigenvalues and eigenvectors and
orthogonality. The important notions of linear independence, span and bases are introduced. This
course is both a preparation for the practical use of vectors, matrices and systems of equations and also
lays the groundwork for a more abstract, pure-mathematical treatment of vector spaces.

The aims of this course are to:

e Jearn how to use a computer to calculate the results of some simple matrix operations and to
visualize vectors.
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HU111: English Language [2 H]
Prerequisite: None

The material reflects the stylistic variety that advanced earners have to be able to deal with. The course
gives practice in specific points of grammar to consolidate and extend learners existing knowledge.
Analysis of syntax; comprehension; skimming and scanning exercises develop the learner’s skills,
comprehension questions interpretation and implication.

The activities aim to develop listening, speaking and writing skills through a communicative,
functional approach, with suggested topics for discussion and exercises in summary writing and
composition.

MAT114: Electric Circuits [3 H]
Prerequisite: None

Basic electrical circuits — Columb's law — Gauss law — Ohm’s law - Capacitors — Resistors —
Inductors —Kirchhoff’s law — Basic circuit theory and circuit analysis — Fundamentals of three phase
circuits and transformers — Fundamentals of semiconductor devices — P-N Junction diode — Bipolar
junction and field effect transistors structures — Semiconductor devices and circuits — Fundamentals
of filters — Power supply and Rectification — Amplifiers — Integrated Circuits.

BC111: Structured Programming [3 H]
Prerequisite: None

This course serves as an introduction to the process of program design and analysis using a modern
programming language. The course provides basic understanding of programming concepts, constructs, data
types, looping, nesting, functions, arrays, objects and classes. The topics also include good programming
practices, modularity, reusability, and ease on maintenance.

MA115: Mathematics 1 [2 H]
Prerequisite: None

Introduction: This course is designed to be a first course in differential and integral calculus. Calculus
is a branch of mathematics where the primary questions have to do with rates of change. It has
applications in all areas of applied science and engineering. An understanding of calculus is essential
for success in any of these fields.

By the end of the course, student should be capable of the following:

« Being an expert in basic algebra, especially in understanding what the concept of a function, and
know basic laws of exponentials and logarithms and knowing basic trigonometry

+ Understanding the definition of a limit, knowing how to take limits, knowing when a limit does not
exist, knowing the properties and laws of limits,

« Knowing the limit definition of continuity, determining whether a function is continuous, knowing
the intermediate value theorem and its applications

» Knowing what a tangent line is, knowing what a secant line is, being able to determine average
rates of change using secant lines
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+ Being able to use the limit definition of derivatives, being about to determine the derivative of a
function using the limit definition of the derivative, being able to give the equation for the tangent
line using the limit definition of the derivative.

» Knowing and using the rules for differentiation (power rule, product rule, quotient rule, chain rule),
knowing the derivative of trig functions and exponentials

» Knowing how differentiate implicit functions and take higher derivatives.

* Doing linear approximations using tangent lines, knowing and being able to use the mean value
theorem.

« Finding extrema of a function, sketching the graph of a function, knowing how optimize and other
applications of differential calculus

« Knowing what an anti-derivative is, knowing techniques for how to take anti-derivatives (parts, trig
substitution, u-substitution, partial fractions)

» Knowing and being able to use the Fundamental Theorem of Calculus, understanding the
relationship between integration and differentiation and the area under the curve of a function

» Knowing and being able to find the exact area under the curve of a function, knowing and being
able to find the exact area between the curves of two functions.

« Being able to find the volume of a solid of revolution (discs and shells) and over a region of the
plane

« Know what a differential equation is, and how to solve very basics ones.
MAT116: Probability & Statistics 1 [2 H]
Prerequisite: None

Define statistics (types of data — types of statistics — population versus sample- Measurement’s levels)
— Describing Data (Frequency tables — Graphic Presentation — Numerical Measures —Displaying and
Exploring Data) — Survey of Probability Concept (Rules of probability — Conditional probability- Total
Probability Theory and Bays Rule) — Random Variables and its probability distribution with some
properties — Discrete probability distribution (Binomial — Poisson — Negative Binomial — Geometric-
Hyper geometric) — Continuous Probability distribution (Normal —Exponential).

ML121: Concepts in Artificial Intelligence [2 H]
Prerequisite: MA112

This course aims to provide students with an understanding of the core concepts in Al, as well as an
appreciation for the practical applications and ethical considerations of Al technologies. Including a
brief overview of the evolution of Al from early philosophical ideas to modern machine learning and
Al systems. An introduction to problem-solving techniques in Al, including search algorithms,
heuristics, and optimization methods. A study of the methods used to store and manipulate knowledge
in Al systems, including logic, semantic networks, and ontologies. An exploration of machine learning
techniques, including supervised learning, unsupervised learning, and reinforcement learning, with a
focus on popular algorithms such as decision trees, neural networks, and clustering algorithms. A
primer on the techniques used for image and video analysis in Al systems, including image
classification, object detection, and facial recognition.
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BC121. Introduction to Programming with Python [3 H]
Prerequisite: BC111

Python is a language with a simple syntax, and a powerful set of libraries. It is an interpreted language,
with a rich programming environment, including a robust debugger and profiler. While it is easy for
beginners to learn, it is widely used in many scientific areas for data exploration. This course is an
introduction to the Python programming language for students without prior programming experience.
We cover data types, control flow, object-oriented programming, and graphical user interface-driven
applications. The examples and problems used in this course are drawn from diverse areas such as text
processing, simple graphics creation and image manipulation, HTML and web programming, and
genomics.

Course Objectives:
Upon successfully completing this course, students will be able to “do something useful with Python”.
o Identify/characterize/define a problem.
e Design a program to solve the problem.
o Create executable code.
e Read most Python code.
e Write basic unit tests.

MAI121: Probability & Statistics 2 [2 H]
Prerequisite: MA116

Sampling Distribution (distribution of mean) — Central limit theorem — Concept of estimation theory
— Point estimation — some properties (maximum likelihood method — Moment method) — Interval
estimation (population mean and variance — two population mean and variance) — concept of testing
hypothesis (population mean and variance — two population mean and variance) — chi square test —
Introduction to Correlation and Regression.

HU121: Scientific Thinking [3 H]
Prerequisite: None

The course emphasizes the unifying aspects of the scientific approach to the study of the physical
world. More than one-third of the course is devoted to scientific inquiry and investigation. The course
focuses on the process of science and scientific thinking, fact identification and concept formation and
testing. Moral and ethical issues in science are also examined.

In the remaining part of the course, the students become acquainted with some of the great ideas and
discoveries of science — how this universe was born, how it evolved and how eventually, in one small
corner of this universe, it gave birth to us. In so doing, students will become exposed to the process of
science and to how scientists apply the scientific method to answer these questions and many more.

HU122: Societal Issues duiatuiind biluad [3 H]

Prerequisite: None

Clainall Ao 558 ) Apala®y 5 Al 5 Ao Lain 1 Lladlly GOl Cay ya3 ) Coagd ) Lpaianall Llall a5 e il aigy
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BC122: Logic Design [2 H]

Prerequisite: MA114

Basic logic concepts: Logic states — number systems — Boolean algebra — basic logical operations —
gates and truth tables. Combinational logic: Minimization techniques — multiplexers and
demultiplexers — encoders — decoders — adders and subtractors — comparators — programmable logic

arrays and memories — design with MSI — logic families — tri-state devices. Sequential logic: Flip flops
— mono-stable multi-vibrators — latches and registers — Counters.

MA122: Numerical Analysis [3 H]
Prerequisite: MA113

Introduction to numerical methods; numerical differentiation, numerical integration, solution of
ordinary and partial differential equations. Consequences of limited precision computing. Students
write programs in C++, C, or Matlab using methods presented in class.

MA123. Discrete Mathematics [3 H]
Prerequisite: None

This course covers elementary discrete mathematics for computer science and engineering. It
emphasizes mathematical definitions and proofs as well as applicable methods. Topics include formal
logic notation, proof methods; induction, well-ordering; sets, relations; elementary graph theory;
integer congruences; asymptotic notation and growth of functions; permutations and combinations,
counting principles; discrete probability. Further selected topics may also be covered, such as recursive
definition and structural induction; state machines and invariants; recurrences; generating functions.

At the end of this course, students will be able to:

e Use logical notation to define and reason about fundamental mathematical concepts such as
sets, relations, functions, and integers.

e Evaluate elementary mathematical arguments and identify fallacious reasoning (not just
fallacious conclusions).

e Synthesize induction hypotheses and simple induction proofs.

e Prove elementary properties of modular arithmetic and explain their applications in computer
science, for example, in cryptography and hashing algorithms.

e Apply graph-theoretic models of data structures and state machines to solve problems of
connectivity and constraint satisfaction (e.g., scheduling).
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Apply the method of invariants and well-founded ordering to prove correctness and termination
of processes and state machines.

Derive closed-form and asymptotic expressions from series and recurrences for growth rates
of processes.

Calculate numbers of possible outcomes of elementary combinatorial processes such as
permutations and combinations.

Calculate probabilities and discrete distributions for simple combinatorial processes; calculate
expectations.

Problem solves and study in a small team with fellow students.
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ML211. Introduction to Machine Learning [3 H]
Prerequisite: ML121

The primary aim of the course is to provide the student with a set of practical tools that can be applied
to solve real-world problems in machine learning, coupled with an appropriate, principled approach to
formulating a solution.

Machine learning is the study of computer algorithms and models that learn automatically from data.
It is a key area of artificial intelligence and has applications in many domains, including biology, social
science, statistics, and image processing. This introductory course covers key topics in machine
learning, including linear models for regression and classification, decision trees, support vector
machines and kernel methods, neural networks and deep learning, ensemble methods, unsupervised
learning, and dimension reduction.

Students should:

e Understand major supervised, unsupervised and reinforcement learning techniques.

e Have a basic understanding of evaluation methodologies.

e Have a working knowledge of how to apply machine learning technologies to real-world
datasets.

e Have gained experience designing and applying machine learning techniques in team settings.

RB211. Introduction to Vision and Robotics [2 H]

Prerequisite: MA113

Robotics and Vision apply Al techniques and image processing to the problem of making devices
capable of interacting with the physical world. This includes moving around in the world (mobile
robotics), moving things in the world (manipulation robotics), acquiring information by direct sensing
of the world (e.g., machine vision) and, importantly, closing the loop by using sensing to control
movement. This module introduces the basic concepts and methods in these areas and serves as an
introduction to the more advanced robotics and vision modules.

BC211. Object Oriented Programming [3 H]
Prerequisite: BC111

This course introduces the concepts of object-oriented programming to students with a background
in the procedural paradigm. The course begins with a brief review of control structures and data
types with emphasis on structured data types and array processing. It then moves on to introduce the
object-oriented programming paradigm, focusing on the definition and use of classes along with the
fundamentals of object-oriented design. Other topics include an overview of programming language
principles, simple analysis of algorithms, basic searching and sorting techniques, event-driven
programming, memory management and an introduction to software engineering issues.

At the end of the course, the student should know:

. How to abstract a problem in an object-oriented style.
. Object oriented programming, basics to advanced level, using C++.
. How to use the Standard Template Library (STL).
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BC212. Computer Architecture [3 H]
Prerequisite: BC122

This course introduces the basic hardware structure of a programmable computer and the basic laws
underlying performance evaluation. The student learns how to design the control and data path
hardware for a processor, how to make machine instructions execute simultaneously through
pipelining and simple superscalar execution, and how to design fast memory and storage systems.
Students also learn assembly language programming. The principles presented in lecture are reinforced
in the laboratory through design and simulation of a register transfer (RT) implementations in Verilog.

ES211. Computer Networks [2 H]
Prerequisite: MA112

This is a comprehensive first course in Computer Communications and Networks, focusing on
fundamental concepts, principles, and techniques.

The course will introduce basic networking concepts, including protocol, network architecture,
reference models, layering, service, interface, multiplexing, switching and standards. An overview of
digital communication from the perspective of computer networking will also be provided. Topics
covered in this course include Internet (TCP/IP) architecture and protocols, network applications,
congestion/flow/error control, routing and internetworking, data link protocols, error detection and
correction, channel allocation and multiple access protocols, communication media and selected topics
in wireless and data center networks.

It will cover recent advances in network control and management architectures by introducing the
concepts of software-defined networking (SDN) and network (function) virtualisation. Students taking
this course will gain hands-on experience in network programming using the socket API; network
traffic/protocol analysis; and on assessment of alternative networked systems and architectures.

Learning outcomes:

e  Understanding of the most important principles of how computer communication works.
e Understanding of protocols and ability to see it in an overall context of communication.
Knowledge of simple network programming (sockets) and higher abstractions (Web
services).

Be able to explain the most important standards in the field of computer communication.
Assess different solutions for computer networks.

Explain the key security issues of computer communication.

Explain the historical development of the field of computer communication.

HU211. Scientific Writing [3 H]

Prerequisite: HU111

The goals of the course include Locating materials for a research topic, using library and internet
resources, summarizing articles and books, using quotation and source citation for professional papers,
using inductive and deductive reasoning, developing the skills of scientific argumentation, persuasion,
evaluation and criticism needed for a research paper.

MAZ211. Bioinformatics [2 H]

Prerequisite: MA121
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Introduces bioinformatics concepts and practice. Topics include biological databases, sequence
alignment, gene, and protein structure prediction, molecular phylogenetics, genomics and
proteomics. Students will gain practical experience with bioinformatics tools and develop basic skills
in the collection and presentation of bioinformatics data, as well as the rudiments of programming in
a scripting language.

Course Goal:

This course is designed to introduce future biologists and physicians to bioinformatics tools and
analysis methods. Upon completion of the course, students should be more comfortable working with
the vast amounts of biomedical and genomic data and online tools that will be relevant to their work
in the coming decades.

MAZ212. Information Retrieval and Web Search [2 H]
Prerequisite: BC111

This course covers basic and advanced algorithms and techniques for Web search engines as well as
text-based information retrieval in general.

After this course, you will be able to develop your own web search engine or customize existing
retrieval frameworks such as Apache Lucene. The course focuses on index building, query processing,
and document ranking. We will further touch on text-based machine learning methods, such as
classification and clustering, as well as crawling and link-based algorithms such as Google’s Page
Rank.

The course will cover several algorithms and data structures with application to web search. Both
theoretical analyses of run-time performance as well as hands-on programming assignments and a
class project are part of the course.

Information retrieval methods are an essential component in any text-based data analytics system,
ranging from text mining and machine learning to natural language processing and knowledge
management applications.

BC221. Databases [3 H]
Prerequisite: BC111

e This course covers the fundamental concepts of database systems. Topics include data models
(ER, relational, and others); query languages (relational algebra, SQL, and others);
implementation techniques of database management systems (index structures, concurrency
control, recovery, and query processing); management of semi structured and complex data;
distributed and noSQL databases.

o The purpose of this course is:

e To provide a comprehensive introduction to the use of data management systems for
applications. Some of the topics covered are the following: data models (relational and JSON),
query languages (SQL, datalog, etc.), transactions, parallel data processing, and database as a
service.

BC222. Fundamental of Computational Intelligence [2 H]

Prerequisite: ML211

The course objectives are to make the students familiar with basic principles of various computational
methods of data processing that can commonly be called computational intelligence (CI). This includes
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mainly bottom-up approaches to solutions of (hard) problems based on various heuristics (soft
computing), rather than exact approaches of traditional artificial intelligence based on logic (hard
computing). Examples of CI are nature-inspired methods (artificial neural networks, evolutionary
algorithms, fuzzy systems), as well as probabilistic methods and reinforcement learning. After the
course the students will be able to conceptually understand the important terms and algorithms of CI
and choose appropriate method(s) for a given task. The theoretical lectures are combined with the
seminar where the important concepts will be discussed, and practical examples will be shown.

BC223. Introduction to Data Structures [2 H]
Prerequisite: BC211

e Binary tree — binary search tree — balanced tree — simple graphs — and hash tables. Quadratic
and sub-quadratic linear sorting algorithms — asymptotic complexity. (e.g., quick sort — merge
sort — heap sort — insertion sort — selection sort and count Built-in data structures. Stacks —
queues — linked lists — and tree structures. Sorting algorithms — searching algorithms — and
hashing. Abstract data types (ADT).

RB221. Introduction to Natural Language Processing [2 H]
Prerequisite: ML121

This course introduces the field of computational linguistics, also called natural language processing
(NLP) - the creation of computer programs that can understand and generate natural languages (such
as English). We will use natural language understanding as a vehicle to introduce the three major
subfields of NLP: syntax (which concerns itself with determining the structure of an utterance),
semantics (which concerns itself with determining the explicit truth-functional meaning of a single
utterance), and pragmatics (which concerns itself with deriving the context-dependent meaning of an
utterance when it is used in a specific discourse context). The course will introduce both linguistic
(knowledge-based) and statistical approaches to NLP, illustrate the use of NLP techniques and tools
in a variety of application areas, and provide insight into many open research problems.

By the end of this course, student will:

. Have an understanding of how to use the Natural Language Tool Kit.

. Be able to load and manipulate your own text data.

. Know how to formulate solutions to text based problems.

. Know when it is appropriate to apply solutions such as sentiment analysis and classification
techniques.

BC224. Operating Systems [2 H]
Prerequisite: BC212

An Operating System studies fundamental design and implementation ideas in the engineering of
operating systems. Lectures are based on a study of UNIX and research papers. Topics include virtual
memory, threads, context switches, kernels, interrupts, system calls, interprocess communication,
coordination, and the interaction between software and hardware. Individual laboratory assignments
involve implementation of a small operating system in C, with some x86 assembly.

BC225. Introduction to Multi Agent Systems Design [2 H]

Prerequisite: BC211
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This course provides basic theoretical knowledge about intelligent agents and multi-agent systems.
The first part of the course covers the different types of agents, their properties and architecture. The
second part includes a thorough description of several coordination methods in multi-agent systems.
The course also includes a practical component on the lab, in which students must work in teams to
develop a multi-agent system.

Objectives:

e Understand the origins and foundations of distributed computing on the Internet.

e Knowing the possible applications of artificial intelligence for distributed systems on the
Internet.

e Understanding the basics of Agent Orientation.

e To analyze a problem distributed in nature to identify the different actors and their
functionalities.

e Designing distributed systems using an agent-oriented methodology.

e Extract and represent knowledge about the context necessary to build a distributed application
on the Internet that is flexible and robust.

e Designing context ontologies by applying a methodology properly.
BC226. Computer Security [2 H]

Prerequisite: ES211

This course covers fundamental issues and the first principles of security and information assurance.
The course will look at the security policies, models and mechanisms related to confidentiality,
integrity, authentication, identification, and availability issues related to information and information
systems. Other topics covered include basics of cryptography (e.g., digital signatures) and network
security (e.g., intrusion detection and prevention), risk management, security assurance and secure
design principles, as well as e-commerce security. Issues such as organizational security policy, legal
and ethical issues in security, standards and methodologies for security evaluation and certification
will also be covered.

MAZ221. Fundamentals of Computer Graphics [2 H]
Prerequisite: RB211

This course introduces an introduction to techniques for 2D and 3D computer graphics, including
simple color models, homogeneous coordinates, affine transformations (scaling, rotation, translation),
viewing transformation, clipping, illumination and shading, texture maps, rendering, high level shader
language, video display devices, physical and logical input devices, hierarchy of graphics software,
hidden surface removal methods, Z-buffer and frame buffer, color channels, and using a graphics API.

Learning outcomes
o The fundamentals of the modern GPU programming pipeline.
o Essential mathematics in computer graphics.
e Color and light representation and manipulation in graphics systems.

o Common data structures to represent and manipulate geometry.
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e Common approaches to model light and materials.

o Basic image-processing techniques.

e Basic shading techniques.

e Application of mathematics to graphics systems.

o How the human visual system plays a role in interpretation of graphics.

o Working knowledge of GPU programming.

o Working knowledge of a modern 3D graphics library via practical assignments.
e Ability to produce usable graphics user-interfaces.

e Ability to manipulate 3D objects in virtual environments.

o Ability to write programs from a practical specification and produce realistic graphics outputs.
MAZ222. Fundamental Science of Nanotechnology [2 H]
Prerequisite: None

This course provides a broad overview of nanotechnology, discussing the fundamental science of
nanotechnology. By the end of the course, the students will have gained knowledge in the following
areas: What nanotechnology is, the size and shape dependent properties at the nanometer scale,
enhanced physical properties of nanomaterials, what nanoparticles are and how to synthesize them and
Applications of nanotechnology in engineering, biomedical, energy, and environmental fields.

The overall purpose of the course is to:
e Apply basic mathematical operations to nanoscale phenomena to solve practical problems.

e Acquire a basic understanding of the principles underpinning phenomena that result from
nanoscale structures.

o Explain the collective effects that occur in nanostructures.
o Explain the optical effects that occur with nanoparticles.

o Highlight the major applications of nanoscale phenomena and structures.
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RB311. Computational Vision [3 H]

Prerequisite: RB211

This course introduces the main aspects of computational vision, from fundamentals on image
formation and basic image operations until object recognition, going through the main problems of
computer vision: segmentation, key point extraction, pattern recognition and face recognition. The
classical and the latest state-of-the-art methods will be revised for the computer vision problems and
methods will be used to solve some of these problems.

ML311. Fundamentals of Deep Learning [3 H]

Prerequisite: ML211

Deep Learning is one of the most highly sought after skills in Al In this course, you will learn the
foundations of Deep Learning for computer vision, understand how to build neural networks, and
learn how to lead successful machine learning projects. This course covered the following topics.

I.

Introduction to Deep Learning: An overview of the history and development of deep learning,
its relationship with machine learning and artificial intelligence, and its key concepts and
terminology.

. Neural Networks and Activation Functions: An examination of the building blocks of deep

learning models, including artificial neurons, layers, activation functions, and network
architectures.

Backpropagation and Optimization: A study of the backpropagation algorithm for

training neural networks, as well as optimization techniques such as gradient

descent, stochastic gradient descent, and adaptive learning rate methods.

Convolutional Neural Networks (CNNs): An exploration of CNNSs, a specialized type of
neural network for image recognition and processing, including concepts such

as convolutional layers, pooling layers, and fully connected layers.

Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM): An introduction
to RNNs and LSTM networks for modeling and processing sequences of data, with
applications in natural language processing, time series analysis, and more.

Autoencoders and Generative Adversarial Networks (GANs): A primer on unsupervised deep
learning techniques, such as autoencoders for dimensionality reduction and GANs for
generating new data samples.

Transfer Learning and Fine-tuning: An overview of strategies for using pre-trained deep
learning models to improve performance and reduce training time, including transfer
learning, fine-tuning, and feature extraction.

Deep Learning Frameworks and Tools: A survey of popular deep learning frameworks, such
as TensorFlow, Keras, and PyTorch, and an introduction to using these tools for model
development, training, and deployment.
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BC311. Parallel and Distributed Computing [3 H]
Prerequisite: BC212

Course Description:
Parallel and Distributed Computing is an advanced course designed to provide students with a
comprehensive understanding of the fundamental concepts, principles, and techniques used in
parallel and distributed computing systems. This course aims to equip students with the knowledge
and skills required to develop, analyze, and optimize parallel and distributed applications for various
computing platforms, including multi-core processors, clusters, and cloud computing environments.
Major Topics:
e Parallel computing concepts:
o Parallel computers, programming paradigms, applications
o Parallel programming (primarily using C/C++ in Unix environment):
e  MPI, multi-threading, OpenMP, GPU/CUDA
o Parallel algorithm foundation and performance analysis
e Task/channel model
e Foster’s design methodology
e Speedup and efficiency
e Amdahl’s Law, Gustafson-Barsis’s Law, Karp-Flatt Metric, isoefficiency
o Parallel computing applications:
o Sorting, shortest-path algorithm
e Solving linear equations, matrix multiplications
e Monte Carlo methods, parallel discrete-event simulation

BC312. Introduction to Algorithms [3 H]
Prerequisite: BC223

This course introduces the basics of algorithms with examples in C++. This course focuses on what
the working programmer should know about algorithms and data structures without getting bogged
down in mathematical formalism.

At the end of the course, the student should:

I-Understand the fundamentals of algorithms and data structures: The core concepts of algorithms,
including time and space complexity, Big O notation, and algorithmic analysis.

2-Implement common data structures in C++: Develop proficiency in implementing essential data
structures, such as arrays, linked lists, stacks, queues, trees, and graphs, using C++ programming
constructs.

3-Design and analyze custom algorithms: Develop the ability to design and analyze customized
algorithms for specific problem scenarios, considering the trade-offs between time and space
complexity, as well as the unique problem requirements.

ES311. Software Development for Mobile Devices [3 H]
Prerequisite: BC211

This module aims to provide a thorough grounding in the principles of software development for
mobile devices. The Android platform will be used as an example, although the modules emphasises
general principles that are common across all mobile platforms. An important aim of the module is to
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demonstrate the real-world application of object-oriented programming principles and design patterns
in software for mobile devices. Students undertake a substantial software implementation project,
working in pairs. The module will be taught primarily using Java and Swift languages.

Student should learn to:

e Explain the key differences between development of systems to run on mobile devices and on
typical personal computing or internet-based environments and apply this knowledge in the
design of mobile device software.

e Design effective applications for a mobile device by taking into consideration the underlying
hardware-imposed restrictions such as screen size, memory size and processor capability.

e Build, test, and debug graphical applications for mobile devices by using the standard libraries
that are bundled as part of the developers’ toolkit for the mobile device.

e Independently research topics in mobile application architecture and/or security and/or
performance.

MA311. Signal Processing [3 H]
Prerequisite: MA115

Signals Applications — Signals Definitions and Classifications — Signals’ Power and Energy — Basic
Signals — Systems and Systems’ Properties — Linear and Time-Invariant (LTI) Systems — Fourier series
— Fourier transform for continuous and discrete time signals — Sampling theorem —. Laplace transform
— Z-Transform — Transfer function — State apace representation — Filters design and applications

MA312. Data Analysis [3 H]
Prerequisite: BC223

The probability part of the course covers conditional independence, discrete and continuous
distribution functions, and conditional distributions, and the Central Limit theorem. The statistics
course covers descriptive and inferential statistics, including graphing data, distributions, estimation
and hypotheses testing and correlation analysis.

RB321. Fundamental of Cognitive Interaction with Robots [3 H]
Prerequisite: RB311

This course is an emerging field that combines cognitive science, computer science, neuroscience, and
robotics. These robots provide a tool for studying cognitive function by embedding brain models on
robotic platforms. Because embodied models capture the complete system (i.e. the interaction between
brain, body, and environment), cognitive robotic experiments can increase our understanding of how
the brain gives rise to complex behavior.

In this course, students learned concepts of embodiment, robot construction, and computer
programming. In the lecture portion of the course, we discussed case studies of cognitive robotics. In
the lab portion of the course, students constructed robots, using the LEGO Mindstorms NXT kit, and
program these robots to perform different behaviors.

HU321. Marketing and Presentation Skills [3 H]
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Prerequisite: None

Define marketing; Marketing process; Market analysis: customer base; competition; Best practices and
lessons learned; Business research and forecasting tools and techniques; Trend analysis: economics;
social; political; environmental; technology; Technology assessment practices and techniques;
Presentation skills; Sales and advertising practices; Customer satisfaction strategies; Marketing and
branding techniques; Product portfolio analysis; Global trade and international operations; Pricing
strategies. Managing marketing through customer relationships; social responsibility; marketing
ethics. It emphasizes E-Commerce Application and Implementation through Business Models and
Technology Essentials.

BC321. Data Mining and Big Data analysis [3 H]
Prerequisite: BC311

Data mining and big data analytics is the process of examining data to uncover hidden patterns,
unknown correlations and other useful information that can be used to make better decisions. This
course is an introduction to concepts of data mining, machine learning and big data analytics. We will
cover the key data mining methods of clustering, classification and pattern mining are illustrated,
together with practical tools for their execution. We will show applications of these tools to several
datasets, showing how theory and digital traces of human activities at societal scale can help us
understand and forecast many complex socio-economic phenomena. The course will have a practical
approach, with homeworks, hands-on classes and with the development of a project.

Students are free to work in any computer language/network software they feel most comfortable with.
However, during the class all examples and sample code will be provided in Python and Jupyter
notebooks, and use of Python is strongly encouraged.

Learning Outcomes:

The aim of the course is to provide a basic but comprehensive introduction to data mining. By the end
of the course students will be able to:

Choose the right algorithms for data science problems.

Demonstrate knowledge of statistical data analysis techniques used in decision making.
Apply principles of Data Science to the analysis of large-scale problems.

Implement and use data mining software to solve real-world problems.

ES321. Cloud Computing [3 H]
Prerequisite: ES211

Cloud computing systems today, whether open-source or used inside companies, are built using a
common set of core techniques, algorithms, and design philosophies — all centered around distributed
systems. Learn about such fundamental distributed computing "concepts" for cloud computing. Some
of these concepts include clouds, MapReduce, key-value/NoSQL stores, classical distributed
algorithms, widely used distributed algorithms, scalability, trending areas, etc. This course builds on
the material covered in the Cloud Computing Concepts.

Course Orientation and Classical Distributed Algorithms Continued:

To coordinate machines in a distributed system, this module first looks at classical algorithms for
electing a leader, including the Ring algorithm and Bully algorithm. We also cover how Google’s
Chubby and Apache Zookeeper solve leader election. This module covers solutions to the problem of
mutual exclusion, which is important for correctness in distributed systems with shared resources. We
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cover classical algorithms, including Ricart-Agrawala’s algorithm and Maekawa’s algorithm. We also
cover Google’s Chubby support for mutual exclusion.

Concurrency and Replication Control:

Transactions are an important component of many cloud systems today. This module presents building
blocks to ensure transactions work as intended, from Remote Procedure Calls (RPCs) to serial
equivalence for transactions, to optimistic and pessimistic approaches to concurrency control, to
deadlock avoidance/prevention. This module covers how replication — maintaining copies of the same
data at different locations — is used to provide many nines of availability in distributed systems, as well
as different techniques for replication and for ensuring transactions commit correctly despite
replication.

BC322. Software Design Patterns [3 H]
Prerequisite: BC211

This course introduces the use of software design patterns. Topics include design patterns
(creational, structural, and behavioral patterns), architectural patterns, anti-patterns, object-oriented
design principles and programming idioms will be discussed. This course will use term-long group
projects to give students real-life practical experience with patterns by building software systems.

To introduce the principles of object-oriented (OO) analysis and design, as well as software
architecture, through OO principles and design/architectural patterns. To practice the application of
object-oriented software development principles through a team project. To develop teamwork and
communication skills through a team project. Learning Outcomes:

Differentiate existing architecture or design patterns.

Generate and justify architecture and/or design given a collection of requirements.
Produce and present concise and unambiguous architecture and design descriptions.
Create and implement an architecture and design, refining it into a complete system.

BC323. Mixed and Augmented Reality [3 H]
Prerequisite: RB311

Augmented Reality is the concept of overlaying computer-generated information on top of the physical
world whereas Mixed Reality is a broader field that includes Augmented Reality, Augmented
Virtuality, and Virtual Reality. The course provides an introduction to these novel interface
technologies for interacting with computers, with an emphasis on methods for designing and
developing effective 3D user interfaces.

BC324. Knowledge Representation [3 H]
Prerequisite: BC222

An intelligent agent needs to be able to solve problems in its world. The ability to create representations
of the domain of interest and reason with these representations is a key to intelligence. In this course
we explore a variety of representation formalisms and the associated algorithms for reasoning. We
start with a simple language of propositions, and move on to first order logic, and then to
representations for reasoning about action, change, situations, and about other agents in incomplete
information situations. This course is a companion to the course —Aurtificial Intelligence: Search
Methods for Problem Solving that was offered recently and the lectures for which are available online.
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ES411. Internet of Things [3 H]
Prerequisite: ES211

The Internet of Things, commonly referred to as loT, is the network of physical objects, devices,
vehicles, buildings, and other items that’s been integrated into the technology of modern electronics,
software, sensors, and other “things” with network connectivity that enables them to collect and
exchange data. Once collected, this data becomes a powerful resource, which companies and
technologies are tapping into, in revolutionary ways.

This Course will teach students fundamentals concepts of Internet of Things (IoT) systems, wireless
communication paradigms employed in IoT, security and privacy issues, and cloud integration. The
course will cover IoT systems architecture, hardware platforms, relevant wireless technologies and
networking protocols, security and privacy concepts, device programming and debugging, cloud
integration, simple data analytics, and challenges. The students should expect to be able to apply the
taught concepts in the development of an [oT prototype.

MLA411. System Design for Artificial Intelligence [2 H]
Prerequisite: BC312

Students will learn how to create digital product experiences powered by Al and big data that deliver
high levels of cognitive experiences to users.

A mix of lecture, reading, writing and design thinking specific to Al. Students will form teams of five
to build a concept for an Al product for the duration of the course, preparing for two final presentations.
This class is not a series of sprints. It’s working on one idea for 15 weeks individually and with a team.

MLA412. Intelligent Decision Support Systems [2 H]

Prerequisite: BC311

The issues of the course are to provide students with the basic and necessary knowledge, in order that
after finishing the course, they could identify when a given domain is really a complex one, and how
many and of which nature are the decisions involved in the management of the given domain. Also, a
main goal is to know how to analyze, to design, to implement and to validate an Intelligent Decision
Support Systems (IDSS), for this kind of domains. Particularly, the integration of Artificial Intelligence
models and Statistical models, and the knowledge discovery from data step, will be emphasized.

RB411. Artificial Vision and Pattern Recognition [2 H]
Prerequisite: BC311

Low-level and high-level vision including edge detection, connected component labeling, boundary
detection, segmentation, stereopsis, motion analysis, and object recognition. Knowledge
representation, knowledge retrieval and reasoning techniques in artificial vision. Parallel computing,
parallel architectures and neural computing for computer vision.
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HU411. Cognitive Psychology [2 H]
Prerequisite: None

What is this course that you are embarking upon? What is cognition? In the most basic terms
cognition is the action of the brain or mind to understand the world around us and to determine an
appropriate action. To unpack that barebones definition, there are many activities that are required.
For example, you need to perceive the world around you, remember past events to compare present
events to, select the important parts of the world to attend to, store what has been learned from the
current experience for later use, understand and transmit language, etc.

The primary goal for this course is to develop your ability to think soundly and well using the
material of cognitive psychology. As part of this goal you will need to comprehend the substance and
methods of cognitive psychology. In the context of this major, this course is an upper level lab based
course. As such the department has specified some goals for you. First, the department wants to
develop a more independent level of thinking as you progress through the major. Thus, there will be
less structure to the course and you will be given some responsibility for assignments. As part of this
goal, you will also be asked to develop your own cognitive theory. Second, the department wants to
have you prepared more for an independent research project which forms the senior capstone
experience.

GP411. Intelligent System Project (a) [3 H]

Prerequisite: None

The System Design Project is intended to give students practical experience of (a) building a large-
scale system (b) working as members of a team. The project involves applying and combining material
from several courses to complete a complex design and implementation task.

At the end of the course each group demonstrates its implemented system and gives a formal
presentation to an audience of the students, supervisors, and visitors from industry.

BC411. Geographical Information Systems [2 H]

Prerequisite: BC321

Introduction to the concepts and principles of Geographic Information systems (GIS) identifying and
evaluating the Geographic Information systems, distinction between the geographic and
nongeographic environments. Introduction to (GIS) programming tools and devices. Advanced state
of the art (GIS) programming tools and devices.

BC412. The Computing Technology Inside Your Smartphone [2 H]

Prerequisite: ES311

We use our smartphones to communicate, to organize our lives, to find information, and to entertain
ourselves. All of this is possible because a smartphone contains a powerful computer processor, which
is the subject of this course. This computer science course starts by moving step-by-step through the
fundamental layers of computing technology, from binary numbers to application software, and then
covers advanced performance techniques and the details of actual smartphone processors.
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Students should learn about:
o Digital logic
o Computer organization
e Instruction sets.
e Application Software
e Advanced performance techniques
e Actual smartphone processors

BC413. Reasoning and agents [2 H]

Prerequisite: BC312

This course focuses on approaches relating to representation, reasoning, and planning for solving real
world inference. The course illustrates the importance of:

e Using a smart representation of knowledge is conducive to efficient reasoning.

e The need for exploiting task constraints for intelligent search and planning.

e The notion of representing action, space and time is formalized in the context of agents capable
of sensing the environment and taking actions that affect the current state. There is also a strong
emphasis on the ability to deal with uncertain data in real world scenarios and hence, the planning
and reasoning methods are extended to include inference in probabilistic domains.

GP411. Intelligent System Project (b) [3 H]

Prerequisite: None

The System Design Project is intended to give students practical experience of (a) building a large-
scale system (b) working as members of a team. The project involves applying and combining material
from several courses to complete a complex design and implementation task. At the end of the course
each group demonstrates its implemented system and gives a formal presentation to an audience of the
students, supervisors, and visitors from industry.

ES421. Professional Practice in Artificial Systems [3 H]

Prerequisite: ML412

This course examines practice management and project management in the built environment
professions, particularly architecture and landscape architecture. Topics in practice management
include ethical practice; the character and operation of practices; legal requirements; cash flow and
profitability; running a business; professional memberships and registration; risk and professional
liability; and personal career planning. Topics in project management include project stages;
procurement and feasibility; statutory requirements; management of time, cost and quality; and
contracts and contract administration in private and public realms. Alternative and innovative
pathways through the profession are also considered.
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BC421. Software Testing [3 H]

Prerequisite: MLA411

This module is intended to provide in-depth coverage of software testing further to develop the
introductory material covered in Informatics 2C — Software Engineering.

The goal of the course is:

e To provide students with the skill to select and apply a testing strategy and testing techniques
that are appropriate to a particular software system or component.

e In addition, the student will become a capable user of test tools; will be able to assess the
effectiveness of their testing activity; and will be able provide evidence to justify their
evaluation.

The course will be supported by two practical exercises involving the development of appropriate tests
and the application of a range of testing tools.

MLA21. Genetic Algorithms [3 H]

Prerequisite: ML412

Canonical Genetic Algorithm. Basic operators. Selection, Crossover and Mutation. Fitness functions.
Replacement strategies. Floating point representations. Uniform and non-uniform mutations. Function
optimization. Schema theory. Genetic programming. Tree representations. Applications. Fuzzy logic.
Fuzzy rule-based systems. Evolution of fuzzy systems. Genetic learning of neural networks. Feature
selection. Clustering using genetic algorithms. Evolution Strategies. Applications in Bioinformatics.

ES422. Deep learning for Self-Driving Cars [2 H]

Prerequisite: RB411
This course takes the approach of using one major real-world aspect of Al as a jumping-off point to
explore the specific technologies involved.

The self-driving cars which are widely expected to become a part of our everyday lives rely on Al to
make sense of all the data hitting the vehicle’s array of sensors and safely navigate the roads. This
involves teaching machines to interpret data from those sensors just as our own brains interpret signals
from our eyes, ears, and touch.

It covers the use of the MIT Deep Traftic simulator, which challenges students to teach a simulated
car to drive as fast as possible along a busy road without colliding with other road users.

This course will show you how to:
o Use Computer Vision techniques via Open CV to identify lane lines for a self-driving car.
e Learn to train a Perceptron-based Neural Network to classify between binary classes.
o Learn to train Convolutional Neural Networks to identify between various traffic signs.
e Train Deep Neural Networks to fit complex datasets.
o Master Keras, a power Neural Network library written in Python.

e Build and train a fully functional self-driving car to drive on its own.
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ES423. Fundamentals of Artificial Intelligence in Smart Cities [2 H]

Prerequisite: ES411

The purpose of this course is to:

. Provide a deep understanding of the digital technologies, infrastructure, and social political
forces shaping the future of our urban environments.

. It considers how the latest methods in urban analysis and governance can lead to sustainable
and high performing cities.

We begin by defining Smart Cites through lectures and case studies and drill down into the
technologies shaping new and existing cities. Topics range from the beginnings of cartography to
autonomous vehicles and micro grids. This course is for anyone interacting with urban environments
or those fascinated by the technology that is essential to the growing population of urban inhabitants.

ES424. Nanotechnology and Artificial Intelligence [2 H]

Prerequisite: None

In this course we review some of these efforts in the context of interpreting scanning probe microscopy,
the study of biological nano systems, the classification of material properties at the nanoscale,
theoretical approaches, and simulations in nanoscience, and generally in the design of nanodevices.
Current trends and future perspectives in the development of nanocomputing hardware that can boost
artificial-intelligence-based applications are also discussed. Convergence between artificial
intelligence and nanotechnology can shape the path for many technological developments in the field
of information sciences that will rely on new computer architectures and data representations, hybrid
technologies that use biological entities and nanotechnological devices, bioengineering, neuroscience,
and a large variety of related disciplines.
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