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List of Courses for Diploma in Data Science

General Requirements (15 Credits)

. Prere- Hours / Week | Scores |
Code Course Title quisite Lectures | Lab | Activities o Lectures | Lab |Activities Tos
DS500 | Mathematical Foundations ) ) ) 2 3 60 _ 20 | 100
DS501 | Statistical Methods - 2 - 2 3 60 - 40 | 100
DS502 | Programming Foundations ) 2 2 _ 3 60 40 _ 100
DS503 | Introduction to Biostatistics and ) 3 ) _ 3 100 _ _ 100
Demography
DS504 | Introduction to Operations Research - 2 - 2 3 60 - 40 | 100
Major Requirements (33 Credits)
. Prere- Hours / Week | Scores |
Code Course Title quisite | Lectures | Lab | Activities Tos Lectures | Lab |Activities Tos
DS505 Linear Algebra DS500 2 - 2 3 60 - 40 | 100
DS510 Artificial Intelligence - 2 2 - 3 60 40 - 100
DS515 Introduction to Data Mining - 2 2 - 3 60 40 - 100
DS520 Probability and Statistical DS501 2 - 2 3 60 - 40 | 100
Distributions I
DS530 Applied Statistical Inference DS501 3 - - 3 100 - - 100
DS535 Decision Support Systems and DS504 3 - - 3 100 - - 100
Business intelligence
DS540 Practical Machine Learning - 2 2 - 3 60 40 - 100
DS545 Introduction to Big Data DS502 2 2 - 3 60 40 - 100
Technologies
DS550 Fundamentals of Data Science DS502 2 2 - 3 60 40 - 100
DS598 Project Preparation Skills - 3 - - 3 100 - - 100
DS599 Capstone Project DS598 3 - - 3 100 - - 100
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Core Electives (12 Credits)

. Prere- Hours / Week Scores
Code Course Title quisite Lectures | Lab | Activities Total Lectures Lab |Activities Total
DS555 Applied Multi-variate Analysis - 2 - 2 3 60 - 40 | 100
DS560 Probability and Statistical DS520 3 - - 3 100 - - 100
Distributions I1
DS565 Probability models for DS520 3 - - 3 100 - - 100
Biostatistics
DS570 | Applied Regression DS530 2 - 2 3 60 - 40 | 100
DS575 Data Base Systems - 2 2 - 3 60 40 - 100
DS580 Statistical Methods for DS530 2 - ) 3 60 - 40 100
Correlated Data
DS585 Bayesian Inference DS520 3 - - 3 100 - - 100
DS586 Graph Theory DS505 2 2 - 3 60 40 100
DS587 Data Visualization DS501 3 - - 3 100 - - 100
DS588 Advanced Programming for Data | pg5(2 ) ) - 3 60 40 - 100
Science
DS589 Information Theory and Coding - 3 - - 3 100 - - 100
DS590 | Software Engineering DS505 | 2 2 - 3 60 | 40 | - |100
DS591 Fundamentals of Computer DS510 2 2 - 3 60 40 - 100
Vision
DS592 Data Communication and - 3 - - 3 100 - - 100
Computer Networks

Suggested Study Plan

10/29

The suggested study plans for the four semesters are as follows:

All Students joining the diploma of Data Science will follow the suggested study
plan for four semesters.
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First Semester:

. Prere- Hours / Week Scores
Code Course Title quisite Lectures Lab | Activities Total Lectures Lab |Activities Total
DS500 Mathematical Foundations ) ) ) 2 3 60 ) 40 100
DS501 Statistical Methods ) 2 ) ) 3 60 ) 40 100
DS502 Programming Foundations ) ) ) ) 3 60 40 ) 100
DS503 Introduction to Biostatistics and ) 3 ) ) 3 100 ) ) 100
Demography
DS504 Introduction to Operations ) 2 } 2 3 60 } 40 100
Research
Total 15
Credit
Second Semester:
. Prere- Hours / Week Scores
Code Course Title quisite | Lectures | Lab | Activities Total Lectures | Lab |Activities Total
DS505 Linear Algebra DS 2 - 2 3 60 - 40 | 100
500
DS520 Probability and Statistical DS501 2 - 2 3 60 - 40 100
Distributions I
DS550 Fundamentals of Data Science DS502 2 2 - 3 60 40 - 100
Elective - 3 - - 3 100 - - 100
Elective - 3 - - 3 100 - - 100
Total 15
Credit
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Third Semester:

Prere-

Hours / Week

Scores

i | |
Code Course Title quisite | Lectures | Lab | Activities Tota Lectures | Lab |Activities Tota
DS510 Artificial Intelligence - 2 2 - 3 60 40 - 100
DS515 Introduction to Data Mining - 2 2 - 3 60 40 - 100
DS530 Applied Statistical Inference DS501 3 - - 3 100 - - 100
DS598 Project Preparation Skills - 3 - - 3 100 - - 100
Elective
Total 15
Credit
Fourth Semester:
. Prere- Hours / Week Scores
Code Course Title quisite Lectures Lab | Activities Total Lectures Lab |Activities Total
DS540 Practical Machine Learning - 2 2 - 3 60 40 - 100
DS545 Introduction to Big Data DS502 2 2 - 3 60 40 - 100
Technologies
DS535 Decision Support Systems and DS504 3 - - 3 100 - - 100
Business intelligence
Elective
DS599 Capstone Project DS598 3 - - 3 100 - - 100
Total 15
Credit
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Course Description: Diploma In Data Science

Required Courses

DS500: Mathematical Foundations

Mathematical Topics Fundamental to Computing and Statistics Including Trees And
Other Graphs- Counting in Combinatorics - Linear Algebra- Fundamental Concepts
of Calculus in One and Several Variables.

DS501: Statistical Methods

Data Analysis Including Descriptive Statistics- Data Visualization- Probability
Lecture Including Basic Probability Calculations-Random Variables- Distributions-
Statistical Methods Including Point and Interval Estimates-Hypothesis Testing-
Regression-Probabilistic Models in Data Science Applications- Naive Bayes
Classifiers and Topic Models for Text- Hidden Markov Models for Sequences.

DS502: Programming Foundations

This introduction python will teach python for data science, as well as programming
in general. The course covers:

python Basics - your first program - Type - Expressions and Variables - String
Operations - Python Data Structures - Lists and Tuples - Sets - Dictionaries - Python
Programming Fundamentals - Conditions and Branching - Loops -Functions.
Objects and Classes - Working with Data in Python - Reading files with open.
Writing files with open - Loading data with Pandas - Numpy Finally, you will create
a project to test your skills.

14/29
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DS503: Introduction to Biostatistics and Demography

This course provides an introduction to biomedical data science with an emphasis
on statistical perspectives: the process of collecting, organizing, and integrating
information toward extracting knowledge from data in public health, biology and
medicine. The course covers four critical aspect of data science: (i) data acquisition,
common data models, and database design; (ii) data transformation and integration
(wrangling); (iii) interactive and dynamic exploratory data analysis; and (iv)
healthcare data visual analytics. Students will learn how to apply these ideas and
create reproducible data analyses using a powerful open source tool chain (R-studio,
gg-plot, GitHub, etc.). There will also be a central focus on statistical principles that
guide all aspects of healthcare data analytics including the relevance of sampling
schemes on potential generalizability, and the impact of both data
quality/completeness and potential confounding factors on the reliability of
scientific conclusions.

DS504: Introduction to Operations Research

Introduction- Problem Solving And Decision Making- Qualitative Analysis
Quantitative Analysis-Model Development-Data Preparation- Model Solution-
Introduction To Linear Programming- The Graphical Solution of Two-Variable
Linear Programming Problems-Treatment of Special Cases- General Algebraic
Approach-Solving Linear Systems Equations- Introduction To Simplex Algorithm -
Sensitivity Analysis of Optimization and Other Problems- Integer Programming -
The Branch-And-Bound Methods for Solving Mixed Integer Programming
Problems- Transportation - Assignment - Network Models.

DS505: Linear Algebra

Topics include systems of linear equations and their solutions, matrices and matrix
algebra, inverse matrices; determinants and permutations; real n-dimensional vector
spaces, abstract vector spaces and their axioms, linear transformations; inner
products (dot products), orthogonality, cross products, and their geometric
applications; subspaces, linear independence, bases for vector spaces, dimension,
matrix rank; eigenvectors, eigenvalues, matrix diagonalization. Some applications
of linear algebra will be discussed, such as computer graphics, Kirchoff’s laws,
linear regression (least squares), Fourier series, or differential equations.

15/29
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DS510: Artificial Intelligence

The Basic ldeas and Techniques Underlying the Design of Intelligent Computer
Systems- The Statistical and Decision Theoretic Modeling Paradigm- Applications
Ranging from Diagnosis to Game-Playing To Language Processing To Vision To
Medicine.

DS515: Introduction to Data Mining

Introduction to Data Mining- Data Warehousing and OLAP- Data Preprocessing-
Data Mining Knowledge Representation-Attribute-Oriented Analysis -Data Mining
Algorithms-Association Rules - Classification - Prediction -Evaluating What's Been
Learned -Mining Real Data-Clustering Advanced Techniques- Data Mining
Software — Applications.

DS520: Probability and Statistical Distributions |

Exploring Univariate data -Introduction to Probability -Discrete Distributions-
Continuous Distributions -Bivariate Data -Samples and Experiments- Estimation -
Tests of Significance -Inference for Regression.

DS530: Applied Statistical Inference

An Introduction to Statistics - The Science of Collecting- Organizing- Interpreting
Numerical - Descriptive Statistics- Probability Lecture- Statistical Inference.

DS535: Decision Support System and Business Intelligence

This course will demonstrate in the real environment managerial applications such
as the basics of the MS SQL data mining and will provide the knowledge about the
possibilities of Business Intelligence (BI) use. It will examine the Bl tasks
management, critical success factors of BI, Planning and analysis design and
modeling design, development and implementation of information technology-
based systems that support managerial and professional work, including
Communications-Driven and Group Decision Support Systems (GDSS), data-
Driven DSS, Model-Driven DSS and knowledge-Driven DSS.

16/29
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DS540: Practical Machine Learning

Mathematical Foundations of Machine Learning- Overview of Machine Learning-
Basics of Parameter Estimation - Classification Algorithms- Linear and Non-Linear
Algorithms - Kernel Methods - Representation Learning and Matrix Factorization-
Basics of Graphical Models- Ensemble Methods- Practical Aspects in Machine
Learning- Introduction to PAC Learning- Sample Selection- Bias-Learning From
Graph Data- Learning From Sequential Data.

DS545: Introduction to Big Data Technologies

The course introduces Big Data problems and associated frameworks and
technologies. First the course motivates the topic using real-world big data problems.
Second, it sheds light on handling big data from big data collection, to monitoring
storage, analysis and reporting. Common data frameworks namely Hadoop and
Map-reduce.

DS550: Fundamentals of Data Science

Introduction to the fundamentals of the data science domain. Fundamentals of the
R programming language and related tools for usage in Data Science. Problem
Solving using R. Basic statistics, data gathering, preparation, and analysis, data
visualization, case studies, and some ethical issues.

DS598: Project Preparation Skills

Use Microsoft Excel to explore data-Use Transact-SQL to query a relational
database-Create data models and visualize data -Apply statistical methods to data-
Extract insights from data and create impact for companies-Use R or Python to
explore and transform data-Apply data science techniques to common scenarios-
Follow a data science methodology-Identify your strengths, refine your goals-Work
in a team under a team leader-Build meaningful connections, meet potential
employers and join a community of lifelong learners-Solve problems alongside high-
achieving students with diverse backgrounds. in science, data analysis, engineering,
mathematics, and more-Write a well-structured report-Present your work.
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DS599: Capstone Project

The purpose of the Capstone Project is for the students to apply theoretical
knowledge acquired during the Data Science program to a project involving actual
data in a realistic setting. During the project, students engage in the entire process of
solving a real-world data science project, from collecting and processing actual data
to applying suitable and appropriate analytic methods to the problem. Both the
problem statements for the project assignments and the datasets originate from real-
world domains similar to those that students might typically encounter within
industry, government, non-governmental organizations (NGOs), or academic
research. Depending on the project's complexity, students will work individually or
in small teams on a problem statement, typically specified by a faculty, industry, or
governmental sponsor. The sponsor will usually be responsible for supplying the
relevant data set. Research groups may propose projects. A list of possible projects
will be posted early in the semester so students can align themselves with problems
statements corresponding to their individual interests. Pending approval by the
Course Director, students are free to design their own problem statement and
construct their own data set. As the project and problem statements warrant, students
may be permitted to organize into teams of two to three participants. Teams larger
than three will be considered for approval on a case-by-case basis. Each project team
will be supervised by the Course Director.

Elective Courses

DS555: Applied Multi-variate Analysis

Multivariate Normal Distribution-Hoteling’s T2 - Test-Multivariate Analysis Of
Variance (MANOVA)-Principal Component Analysis (PCA)-Factor Analysis-
Models For Regression Analysis With Collinear Explanatory Variables Such As
Principal Component Regression (PCR) And PLS- Analysis Of Data From
Experiments With Repeated Measurements- Discriminant Analysis- Cluster
Analysis.

DS560: Probability and Statistical Distributions 11

Probability Axioms-Conditional Probability-The Law of Total Probability- Bayes’
Theorem- Independence-Discrete and Continuous Random Variables-Multiple
Random Variables-Sum of Random Variables-The Sample Mean- Sampling
Distributions- Statistical Inference.
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DS565: Probability models for Biostatistics

Data Types: Nominal - Ordinal and Continuous Variables - Descriptive Measures-
Graphical Presentation-Randomness In Biological Observations - Statistical
Thinking around Randomness-Data from Experiments and Observational Studies-
Probability Concepts. Probability Distributions- Normal and Binomial-Parameter
Estimation-Mean and Proportion-Quantification Of Statistical Uncertainty-Standard
Error- Confidence Intervals And Hypothesis Test-Elementary Hypothesis Testing -
Elementary Considerations Concerning Power And Samples Size-Labs involving
Interactive data analysis using statistical software. Topics Covered Include Simple
And Multiple Linear Regressions- Confidence Intervals And Hypothesis Tests For
Regression Coefficients- Model Selection And Model Diagnostics.

DS570: Applied Regression

Review of Simple Linear Regression - Multiple Regression With Emphasis On
Lecture Of Least Squares Estimation- Residual Analysis- Model Interpretation-
Transformations of Variables- Interactions- Model Selection Technigues- ANOVA-
Influence Diagnostics and Multicollinearity - Box-Cox Transformations- Weighted
Regression- Logistic And Poisson Regression.

DS575: Database Systems

The Fundamental Concepts of Database Systems - 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.

DS580: Statistical Methods for Correlated Data

General Linear (Mixed) Models for Normally Distributed Data And Generalized
Linear (Mixed) Models or Non-Normally Distributed Data- Such As (Binomial-
Poisson- and Gamma)- Graphical Data Exploration- Correlation Structures-
Parameter Estimation -Testing / Inference- Model Selection and Interpretation-
Diagnostics - Model Limitations-Modeling Will Be Done Using SAS.
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DS585: Bayesian Inference

This Course Introduces Hierarchical Bayesian Statistical Methods That Enable
Investigators to Combine Information From Similar Experiments- Account For
Complex Spatial- Temporal- And Other Correlations- And Also Incorporate Prior
Information Or Expert Knowledge (When Available) Into A Statistical Analysis-
The Lecture Behind Bayesian Methods and Their Practical Implementation- and
Also Compares Them With Classical (Frequentist) Methods. The Course
Emphasizes Data Analysis Via Modern Computer Simulation Methods Using Win
bugs and R (Free Statistical Software) That Are Introduced and Used in The Course.

DS586: Graph Theory

Set-theoretic definition of a graph, Bipartite graph, directed acyclic graph, and
tournament. Matchings, Hall's Theorem and Berge's Theorem, as well as the
algorithms of Prim, Dijkstra, Kruskal, and Ford-Fulkerson. Trees, connectivity and
Menger's Theorem. Planarity and chromatic number. Choice of topics among:
graphical probability models, dynamic programming, Bayesian Belief Propagation,
and Tree width.

DS587: Data Visualization

How to Find Compelling Data Sets- Clean And Analyze The Contents And Then
Present That Result Through A Variety Of Methods- Including Online Interactive
Charts And Maps- Introduce Students To Data Visualization Including Both The
Principles And Techniques-Students Will Learn The Value Of Visualization-
Specific Techniques In Information Visualization And Scientific Visualization-
How To Best Leverage Visualization Methods.

DS588: Advanced Programming for Data Science

Examine A Range of Advanced Techniques for Improving The Performance Of
Python Programs- Including The- Use Of Parallel Computation And GPU
Acceleration- Investigate How Python Can Be Used For Big Data Analysis Using
Frameworks Such As Apache Hadoop And Apache Spark. - Advanced Topics In R
Programming That Are Necessary For Developing Powerful- Robust- And Reusable
Data Science Tools. - Robust Error Handling- Object Oriented Programming-
Profiling and Benchmarking- Debugging- And Proper Design Of Functions
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DS589: Information Theory and Coding

Lecture And Coding -Review Of Probability Lecture- Information — Entropy-
Information Rate- Classification Of Codes- Kraft McMillan Inequality- Source
Coding Theorem- Shannon-Fano Coding- Huffman Coding- Data Compression -
Extended Huffman Coding - Joint And Conditional Entropies- Mutual Information
- Channel Capacity - Differential Entropy -Block Codes And Convolutional Codes-
Discrete Memoryless Channels — BSC- BEC — Channel Capacity- Shannon Limit-
Asymptotic Equipartition Property.

DS590: Software Engineering

Computing Essentials - Construction Technologies - Construction tools -
Requirement Analysis and Specification - Requirement fundamentals - Eliciting
Requirements - Requirement validation-Software Process-Process Concept-Process
Implementation - Project Planning and Tracking-Software configuration
management - Evolution Process and Activities-Engineering Foundations for
Software-Software Modeling and Analysis-Web designing and design software-
Software Verification and Validation - Foundation, metrics, and measurement of
software verification and validation - Testing - Developing secure software-
Professional Practice.

DS591: Fundamentals of Computer Vision

Image acquisition, image transformations, gray level operations, histogram
equalization, spatial filtering, edge detection, line and circle detection, generalized
Hough transform, connected components labeling. Haar features, object detection
with Adaboost, applications: face detection, open CV programming.

DS592: Data Communication and Computer Networks

Data Communications-Transmission Media- Data Encoding- Transmission Modes-
Error Detection And Correction- Flow Control- Multiplexing- Switching
Techniques- Routing-Networking:-Network Topologies- Protocols- Layering-
Standardization- Lans- Wans & Mans- Internetworking- Management- Multicast-
Continuous Media-Study Of Particular Networks And Protocols: E.G. FDDI-
Ethernet- ISDN- SNMP- TCP/IP- X40- ATM.
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List of Courses for Preliminary Master in Data Science
Core Requirements (24 credit hours)

- Prere- Hours / Week Scores
Code Course Title quisite | Lectures | Lab | Activities Total Lectures | Lab |Activities Toul
DS605 | Advanced Topics in Statistics - 3 - - 3 100 - - 100
DS610 | Advanced Machine Learning - 2 2 - 3 60 40 - 100
DS615 | Data Science and Decision Support - 3 - - 3 100 - - 100
Systems
DS620 Introduction to Deep Neural Nets - 2 2 - 3 60 40 - 100
DS625 | R Programming For Data Scientist - 2 2 - 3 60 40 - 100
DS630 | Advanced Bayesian Inference for - 3 - - 3 100 - - 100
Data Science
DS698 | Ethics for Data Science and - 2 - 2 3 60 - 40 | 100
Scientific Research preparation
DS699 Project DS698 3 - - 3 100 - - 100
Core electives (6 credit hours)
. Prere- Hours / Week Scores
Code Course Title quisite | Lectures | Lab | Activities Total Lectures | Lab | Activitieg Total
DSe611 Time Series Forecasting - 2 - 2 3 60 - 40 | 100
DS612 | Advanced Database Systems - 2 2 - 3 60 40 - 100
DS613 | Advanced Mathematics - 3 - - 3 100 - - 100
DS614 | Pattern Recognition - 3 - - 3 100 - - 100
DS616 | Advanced Programming in Python - 2 2 - 3 60 40 - 100
DS617 | Image Processing - 2 2 - 3 60 40 - 100
DS618 | Advanced Deep Learning - 2 2 - 3 60 40 - 100
DS619 | Calculus - 2 - 2 3 60 - 40 | 100
DS621 | Operations Management - 3 - - 3 100 - - 100
DS622 Numerical Methods for Data - 2 - 2 3 60 - 40 100
Science
DS623 | Cloud Computing - 3 - - 3 100 - - 100
Suggested Study Plan

22/29

All Students joining the master program of Data Science will follow the suggested
study plan for two semesters.




5_alal daala

dgibany) ¢ ganll Ldal) cula yal) A48

First Semester:

. Prere- Hours / Week Scores
Code Course Title quisite | Lectures | Lab | Activities Total Lectures | Lab |Activities Total
DS605 | Advanced Topics in Statistics - 3 - - 3 100 - - 100
DS610 | Advanced Machine Learning - 2 2 - 3 60 40 - 100
DS615 ]S);stilelsncslence and Decision Support - 3 - - 3 100 ) ) 100
Elective
DS698 Ethics for Data Science and - 2 - 2 3 60 - 40 | 100
Scientific Research preparation
Total 15
Credit
Second Semester:
. Prere- Hours / Week Scores
Code Course Title quisite | Lectures | Lab | Activities Total Lectures | Lab |Activities Tc:
ta
DS620 Introduction to Deep Neural Nets - 2 2 - 3 60 40 - 100
DS625 R Programming For Data Scientist - ) ) - 3 60 40 ) 100
DS630 Advanced Bayesian Inference for ) 3 } ) 3 100 ) ) 100
Data Science
Elective
DS699 | project pse8| 3 | - | - | 3] 10 |- | - |100
Total 15
Credit

23/29




5_alal daala
dailuany) s gantl Lladf el jal) 408

il )yl | e g
Gkl | 10.9uls gk Lo

24/29



5_AlAl daaly %
dailaal) & gandl Ldal) el jalf 408

i) agle piiuala 1Ll
List of Courses for Preliminary Master in Data Science

Required Courses

DS605: Advanced Topics in Statistics

Fundamentals of Linear Algebra- Matrix Analysis) - Fundamentals of Probability
Lecture- Statistics -Preliminary- Fundamentals of Optimization- Matrix
Factorization (Completion) - Tensor Factorization( Completion) - Unconstrained
Optimization Methods - Constrained Optimization Methods -Sparse Learning
(Compressed Sensing) - Feature Selection - Sub Modular Optimization -
Reinforcement Learning / Dynamic Decisions.

DS610:Advanced Machine Learning

Statistical Machine Learning Lecture-- Analysis and Evaluation of Statistical
Models- Supervised Learning - Artificial Neural Networks- Supervised Learning -
Kernel Methods- Unsupervised Learning — Clustering- Topic Modeling- Feature
Engineering- Basic Reinforcement Learning- Basic Semi-Supervised Learning.

DS615: Data Science and Decision Support Systems

Explore the current and future applications of data science as a strategic decision-
making tool to achieve competitive advantage in business. With emphases on
obtaining decision-making value from an organization's data assets, this course will
investigate the use of data science findings to develop solutions to competitive
business challenges. Through case studies, you will examine how data science
methods can support business decision making and discover a range of methods the
data scientist can use to get people within the organization on board with data science
projects.
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DS620: Introduction to Deep Neural Net

Introduction to Artificial Neural network, activation functions, Multi-layer
Feedforward neural network, Backpropagation, Gradient Descent, loss Functions
regularization, Dropout, model selection, and optimization, Applications using Deep
learning Framework tools (TensorFlow, Kears, Torch).

DS625: R programming for Data Scientists

R programming including syntax, loops, visualization using R. Applications for Data
Science using R are also used using different types of data.

DS630: Advanced Bayesian Inference for Data Science

Bayesian Concepts and Methods with An Emphasis on The Data Analysis- Model
Choice -How to Conduct Inference in A Bayesian Setting- Through Posterior
Means- Credible Intervals and Hypothesis Testing- The Use of The Package Rstan.

DS698: Ethics for Data Science and Scientific Research preparation

Investigate the ethical issues in computer science that ultimately also pertain to data
science, including privacy, plagiarism, intellectual property rights, security,
confidentiality, and many other issues.

Your study of these issues will begin broadly with a look at ethical issues in
computer science at large. We will then make inferences to the narrower field of data
science; we will consider ethical issues and positions. The quality and integrity of
decisions and inferences based on data, and how important cases and laws have
shaped the legality, if not the morality, of data science-related computing. We will
use case studies to investigate these issues.
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DS699: Project

The purpose of the Capstone Project is for the students to apply theoretical
knowledge acquired during the Data Science program to a project involving actual
data in a realistic setting. During the project, students engage in the entire process of
solving a real-world data science project, from collecting and processing actual data
to applying suitable and appropriate analytic methods to the problem. Both the
problem statements for the project assignments and the datasets originate from real-
world domains similar to those that students might typically encounter within
industry, government, non-governmental organizations (NGOs), or academic
research. Depending on the project's complexity, students will work individually or
in small teams on a problem statement, typically specified by a faculty, industry, or
governmental sponsor. The sponsor will usually be responsible for supplying the
relevant data set. Research groups may propose projects. A list of possible projects
will be posted early in the semester so students can align themselves with problems
statements corresponding to their individual interests. Pending approval by the
Course Director, students are free to design their own problem statement and
construct their own data set. As the project and problem statements warrant, students
may be permitted to organize into teams of two to three participants. Teams larger
than three will be considered for approval on a case-by-case basis. Each project team
will be supervised by the Course Director.

Elective Courses

DS611:Time Series Forecasting

Introduction- Examples- Simple Descriptive Techniques- Trend- Seasonality- The
Correlogram -Probability Models For Time Series- Stationary-Moving Average
(MA)- Autoregressive (AR)- ARMA And ARIMA Models-Estimating The
Autocorrelation Function and Fitting ARIMA Models-Forecasting- Exponential
Smoothing- Forecasting From ARIMA Models-Stationary Processes in The
Frequency Domain-The Spectral Density Function- The Periodogram- Spectral
Analysis-State-Space Models-Dynamic Linear Models and The Kalman Filter.
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DS612: Advanced Database Systems

The Module Explores Advanced Database Systems- Their Management And Their
Corporate Role. At The Heart Of Information Systems Lie Database Management
Systems- Transactional Database Systems- Data Warehouses- E-Commerce
Databases And Databases For Storing Complex Data. This Module Looks At The
Technologies- Data Models And Policies That Such Systems Require.

DS613: Advanced Mathematics

Principal Component Analysis (PCA) -Manifold Learning and Diffusion Maps-A
Nonlinear Dimension Reduction Tool- Alternative To PCA- Semi-Supervised
Learning - Spectral Clustering and a Guarantee for Its Performance - Concentration
of Measure and Tail Bounds in Probability Both For Scalar Variables and Matrix
Variables-Dimension Reduction -Compressed Sensing / Sparse Recovery- Matrix
Completion- Group Testing- Approximation Algorithms In Theoretical Computer
Science - The Max-Cut Problem- Clustering on Random Graphs-Synchronization.

DS614: Pattern Recognition

The Act of Taking Raw Data and Making Decisions Based On The Categories of
The Pattern - Has Applied To Such Diverse Areas As Character Recognition- Data
Mining- Medical Diagnosis- Image Processing- Computer Vision- Bioinformatics-
Speech Recognition- Fraud Detection-and Stock Market Prediction-Various
Approaches of Pattern Recognition and Decision Making Processes- Diverse
Classifier Designs- Learning Algorithms- Feature Extraction and Modeling.

DS616: Advanced Programming in Python

Data Scraping form the web, advanced techniques for improving the performance of
Python programs, including the use of parallel computation and GPU acceleration,
using python for big data analysis using frameworks such as Apache Hadoop and
Apache Spark.

28/29



5_AlAl daaly %
dailaal) & gandl Ldal) el jalf 408

DS617: Image Processing

Image Representation- Convolution Filters. 2D And 3D Signal Processing- Fourier
Transforms- Image Sampling and Resembling- Gray Scale Operations-
Segmentation- Morphology- Thinning-Edge Detection- Image Restoration- Image
Compression.

DS618: Advanced Deep Learning

Different Deep Neural Network Architectures, Convolutional Neural networks,
Recurrent Neural Network (RNN), LSTM- Deep Unsupervised Learning (Deep
Belief Network), Autoencoder, Deep Reinforcement Learning- Applications to
Problem Domains like Speech Recognition and Computer Vision.

DS619: Calculus

Multi-Dimensional Analysis- Concepts of Vector Calculus - Vector Field- Functions
of Several Variables- Partial Derivatives - Line-Integrals- Multi-Variable Integrals.

DS621: Operations Management

Production — Management — Operations — Management — Operations-Strategy-
Forecasting - Location Strategies - Facility Layout - Planning and Analysis -Total
Quality Management - Business Process Modeling - Project Management - Planning
Process - Project Implementation - Control and Closur - Aggregate Planning-Supply
Chain Management - Operations Scheduling - Value Engineering — Just - In-Time.

DS622: Numerical Methods for Data Science

Error Analysis -Systems of Linear and Nonlinear Equations- Eigen value Problems-
Least Square Methods-Fast Fourier Transform- Ordinary (And Partial) Differential
Equations and their Applications.

DS623: Cloud Computing

Theoretical Models and Definitions As Well As Practical Aspects of Cloud
Computing- The Fundamentals of Hardware Virtualization and Its Role in
Construction of Data Centers - Autonomic Management of Data Centers-
Development of Applications (Services) for This Type Of Infrastructure- In The
Laboratory Part Some of The Theories and Techniques Discussed in The Theoretical
Part Are Put Into Practice.
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