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	Prerequisite Courses: None
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Type: 	Elective
This course may not be used as a Core Course for the Computational Data Analysis track of the Master Degree program in Data Science.

Prerequisite Topics:
Pre-College Mathematics

Course Outcomes:
The objective is to develop computational thinking of the students. The implementation and coding will be kept to a minimum. The course will enable students to: 
1. Describe the fundamental concepts, methods, and model for Data Science;
2. Learn fundamentals of Python programming for Data Science;
3. Acquire advanced computational thinking skills that will enable students to represent and reason about complex problems in the digital arena; 
4. Understand different kinds of data in terms of their possibilities and limitations to approach complex problems cast in terms of the emerging field of Data Science; 
5. Be comfortable with advanced data representation such as Graphs, Matrices and Linear Associated Arrays.
6. Become data science scholars through best practices in data documentation and dissemination.


Outline:

	Topic
	Number of Lecture Hours (Total: 37.5 hours)
	Outcome

	Introduction to Data Science
· Computational Thinking
· Reasoning and Analysis
· Data Science Challenges
· The context of Data Science
	2.5
	O1

	Data Representation
· Time series data
· Networked data
· Big data
· Spreadsheets, Databases
· Matrices, Graphs
	2.5
	O3

	Data Analysis Software
· Programs for Data Analysis
· Programming Languages
· Algorithms versus Software 
· Data Structures for Data Sciences
	2.5
	O3

	Data Analysis Workflows
· Workflows for Data Analysis
· Pre-processing, Post-processing Data
· Workflow Inputs and Parameters
· Exploring Data through Workflows
	2.5
	O3

	Fundamentals of Python Programming for Data Science
· Python Notebooks and Case Study
· nd.Arrays, Series, Files and Maps
· Python DataFrames and SQL
	2.5
	O2, O3, O6

	Data Pre‐processing
· Data Cleaning
· Quality Control
· Data Integration
· Feature Selection
· Feature Construction
	2.5
	O2, O3, O6

	Data Lifecycle
· Data Collection and Storage
· Data Extraction and Querying
· Data Integration, Data Virtualization
	2.5
	O3, O6

	Data Visualization Tools
· Visualizations Quality and Types
· Time Series Visualizations
· Geospatial Visualizations
· Multi-dimensional Spaces
· Network Visualizations
	2.5
	O6

	Data Analysis Tasks
· Data Mining, and Machine Learning
· Supervised Learning (SVM, Random Forest, Decision Tree, Neural Networks)
· Unsupervised Learning (Clustering)
· Pattern Detection
· Anomaly Detection
· Probabilistic Graphical Models
· Bayesian Networks, Causal Models
	2.5
	O1, O5

	Case Studies for Data Analysis 
· Text Data
· Streaming Data 
· Time-series Data
· Network Data
· Image Data
	5
	O5

	Tools for Big Data Analysis 
· Multi-core Computing
· Distributed and Cluster Computing
· Cloud and AWS Services
· Parallel Programming Languages
· MapReduce/Hadoop
	2.5
	O3, O4, O6

	Semantic Metadata and Provenance


· Metadata Collection and Processing

· Metadata Search and Retrieval

· Domain Metadata and Ontologies
· Linked Open Data and Semantic Web
· Provenance Models and Standards
	2.5
	O3, O4

	Interdisciplinary Applications
· Medical Science Diagnostic 
· Diagnosis or Prognostics
· Drug Resistances, Infectious Diseases
· Clinical Decision Support Systems
· Molecular Diagnostics 
	2.5
	O5, O6

	Final Projects/Topics Presentation by Students
	2.5
	O5, O6



	3		

