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1. Course Description
a. Title of a Course: Distributed Databases and Data Warehouses
b. Pre-requisites: Databases, Programming, Discrete Mathematics, Introduction into Software Engineering, Algorithms and Data Structures
c. Course Type: Elective
d. Abstract
Course presents a detailed introduction into distributed data processing, relational data warehouses, multidimensional OLAP tools and massive parallel data processing systems (Hadoop, Cassandra, MongoDB). Students will develop understanding in the design methodology for distributed databases and data warehouses. Practice studies include implementing databases and applications software in map/reduce paradigm and in several NoSQL data models.

2. Learning Objectives 
The objective of the course is to form professional competencies related to design and implementation of several kinds of distributed databases, including data warehouses, online analytical data processing and big data management tools. Students will get a grasp on strengths and weaknesses of wide spectrum of approaches to data storage, search  and retrieval, resulting in informed choice of database model. This course studies different conceptual database models and their properties. The models that will be discussed are: 
· Relational data warehouse;
· Multidimensional data warehouse;
· Online analytical processing; 
· Map/reduce massive parallel data processing;
· Key/value, document, graph and wide columnar database models;
· Data stream processing.
For these conceptual models the course will concentrate on the following points: Why was the database model introduced? Which of the shortcomings of other models does it address?  What are the most important concepts and notions for the database model? How is the model implemented? Which are the main techniques? The importance of understanding the internals of a particular database model cannot be overemphasized as it is closely connected to its limitations.

3. Learning Outcomes 
After taking this course the student should have achieved the following objectives:
Knows the reference architectures of data warehouses and is aware of the basic functionality offered by available commercial and free data warehousing systems. Master methods and tools for creating analytical database solutions. Can choose dimensions for multidimensional  database, group them into hierarchies and define aggregates. Knows principles of data integration and extract-transform-load process design and implementation.
Knows the map/reduce approach and its Hadoop implementation. Can create map/reduce-based solutions to large-scale massive data processing problems.
Knows database models and tools of NoSQL class, including key-value stores, document databases , wide columnar databases and graph databases. Can implement systems and database applications using these tools.
Knows data stream management systems, its data models and concepts. Can compose queries for executing in these systems.
Students should be able to understand the language of studies models, choose and use appropriate models and programming languages, implement systems using chosen models, methods and tools.

4. Course Plan
	№
	Topic title
	Total hours
	Classroom hours
	Self-study

	
	
	
	Lectures
	Seminars
	Practice
	

	Module #3, 3rd year 

	14
	Data warehousing and Big Data Management
	11
	2
	
	2
	7

	15
	Data Warehousing Architectures and Models
	36
	6
	
	6
	24

	16
	Data Cleaning And Integration
	24
	4
	
	4
	16

	17
	Key/Value and Document Databases
	24
	4
	
	4
	16

	
	Module totals
	95
	16
	
	16
	63

	Module #4, 3rd year 

	18
	Map/Reduce and Hadoop
	48
	8
	
	8
	32

	19
	Large-scale Distributed Databases
	24
	4
	
	4
	16

	20
	In-memory Databases
	12
	2
	
	2
	8

	21
	Data Streams Management
	11
	2
	
	2
	7

	
	Module totals
	95
	16
	
	16
	63

	
	TOTAL
	190
	32
	
	32
	126



5. Reading List
a. Required
· Vaisman A., Zimányi E. Data Warehouse Systems. Design and Implementation.  [Электронный ресурс] /Alejandro Vaisman, Esteban Zimányi. – Электрон. текстовые данные. – Springer, 2014. –  625 p. – 978-3-642-54655-6. — Режим доступа:	 https://proxylibrary.hse.ru:2184/book/10.1007%2F978-3-642-54655-6
· Vohra D. Practical Hadoop Ecosystem: A Definitive Guide to Hadoop-Related Frameworks and Tools. [Электронный ресурс] /Deepak Vohra. – Электрон. текстовые данные. – Apress, 2016. –  444 p. – 978-1-484-22198-3. — Режим доступа:	 https://proxylibrary.hse.ru:2251/toc.aspx?bookid=119892
· Hows D., Membrey P., Plugge E., Hawkins T. The Definitive Guide to MongoDB: A Complete Guide to Dealing with Big Data using MongoDB, Third Edition. [Электронный ресурс] / David Hows, Peter Membrey, Eelco Plugge and Tim Hawkins. – Электрон. текстовые данные. – Apress, 2015. –  376 p. – 978-1-484-21183-0. — Режим доступа: https://proxylibrary.hse.ru:2251/ toc.aspx?bookid=106761

b. Optional
· Lublinsky B., Smith K.T., Alexey Yakubovich A. Professional Hadoop Solutions [Электронный ресурс] / Boris Lublinsky, Kevin T. Smith, and Alexey Yakubovich. – Электрон. текстовые данные. – John Wiley and Sons, 2013. – 506 p. – 978-111-861-254-5. — Режим доступа: https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=1566514
· Kan C.Y. Cassandra Data Modeling and Analysis [Электронный ресурс] / C.Y. Kan. – Электрон. текстовые данные. – Packt, 2014. –  221 p. – 978-17-839-888-91. — Режим доступа: https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=1910123
· Kimball R., Ross M. The Data Warehouse Toolkit : The Definitive Guide to Dimensional Modeling [Электронный ресурс] / Ralph Kimball and Margy Ross. – Электрон. текстовые данные. – John Wiley and Sons, 2013. –  602 p. – 978-111-873-228-1. — Режим доступа: https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=1313513
· Ul Haq Q.S. Data Mapping for Data Warehouse Design [Электронный ресурс] / Qamar Shahbaz Ul Haq. – Электрон. текстовые данные. – Morgan Kaufmann Publishers, 2016. – 181 p. – 978-012-80518-56. — Режим доступа: https://proxylibrary.hse.ru:2258/toc.aspx?bookid=106793
· Linstedt D., Olschimke M. Building a Scalable Data Warehouse with Data Vault 2.0 Design [Электронный ресурс] / Daniel Linstedt and Michael Olschimke. – Электрон. текстовые данные. –Morgan Kaufmann Publishers, 2016. – 684 p. – 978-012-80251-09. — Режим доступа: https://proxylibrary.hse.ru:2258/toc.aspx?bookid=100369
· Celko J. Joe Celko's Complete Guide to NoSQL: What Every SQL Professional Needs to Know about Nonrelational Databases [Электронный ресурс] /Joe Celko. – Электрон. текстовые данные. –Morgan Kaufmann Publishers, 2014. –  244 p. – 978-012-40719-26. — Режим доступа: https://proxylibrary.hse.ru:2258/toc.aspx?bookid=67013
· Majkić Z. Big Data Integration Theory. Theory and Methods of Database Mappings, Programming Languages, and Semantics [Электронный ресурс] / Zoran Majkić. – Электрон. текстовые данные. – Springer, 2014. –  516 p. – 978-3-319-04156-8. — Режим доступа: https://proxylibrary.hse.ru:2066/10.1007/978-3-319-04156-8 

6. Grading System 
Rounding procedure for grades (where applicable): up to an integer number of points. 
Practice activity during practice hours is assessed by evaluating of student involvement into discussions as well as quality of exercise performance during practice. Practice activity grade Оclassroom uses a ten-point scale.
Students have to write an essay (on topic proposed by instructor at first lecture) once in each module (due 4th week of each module) with length of up to 2 pages. Grade Оessays  is an arithmetic averages of two essays grades (ten-point scale, rounding up to an integer number of points).
Students have to answer quiz questions in first 10 minutes of some lectures. Grade Оquiz  is an arithmetic averages of quiz grades respectively (ten-point scale, rounding up to an integer number of points). Average is calculated by division of sum of all student’s quiz answers grades on a total quizzes count in a year.
Students have to answer test questions on 7th week of 3rd module of 3rd year. Grade Оtest for that test is on ten-point scale.
Value of Оhomework 1 (homework assignment 1) component of final grade formula is an integer value from interval [0,10] consists of the common score for the report and presentation (from 0 to 5; same score to all group members) and individual student score for the answers to the questions (from 0 to 5). If a student misses the project presentation because of some valid reason, s/he receives «absence» grade. If a student misses the project presentation because of any other reason, s/he receives grade based on individual score set to 0.
Value of Оhomework 2 (homework assignment 2) component of final grade formula is an integer value from interval [0,10] consists of the common score for the report and presentation (from 0 to 5; same score to all group members) and individual student score for the answers to the questions (from 0 to 5). If a student misses the project presentation because of some valid reason, s/he receives «absence» grade. If a student misses the project presentation because of any other reason, s/he receives grade based on individual score set to 0.
Final written exam at the end of the course Оfinal exam is assessed on usual ten-point scale.
Cumulative grade for student’s current results is calculated using the following formula: 
Оcumulative  = 0,7* Оcurrent + 0,3* Оclassroom 
where
Оcurrent = 0,2·Оessays +0,2·Оtest+0,2·Оquiz +0,2·Оhomework 1+0,2·Оhomework 2

Final grade for student is calculated using the following formula: 
Оfinal = 0,5 Оcumulative  + 0,5 Оfinal exam.


7. Guidelines for Knowledge Assessment
Home assignments 1 and 2 (resp. HA1 and HA2) has to be prepared by students in groups of up to 5. Students should identify a Big Data problem that they would like to work on and specify a difficult question to data and identify data sources that might help answering the question. Chosen Big Data problem should be approved by instructor.
HA1 has to be prepared in module 3 of 3rd year and includes design, implementation and testing of a data warehouse and application for online analytics in given subject area (chosen by group and approved by instructor or assigned by instructor). Results of HA1 should be presented in form of report that consists of design document, implementation description, results of testing. Mandatory appendixes are source code for application and database creation script. Report should be submitted to LMS not later that for 7 calendar days before assigned date of its presentation (on the last week of 3th module). HA1 should be presented and demonstrated by all group members. Each group member should demonstrate complete understanding of all project details and give correct answers to at least two questions of instructor. 
Home assignment 2 (HA2) has to be prepared in module 4 of 3rd year by. Its result should contain Hadoop, MongoDB or Cassandra-based solution for problem identified in HA1. Solutions (DWH/OLAP-based from HA1 and NoSQL-based from HA2) should be compared, their relative strengths and weaknesses are revealed and described. Results of HA2 should be presented in form of project report that consists of design document, implementation description, results of testing and comparing of solutions. Mandatory appendixes are source code for both applications and data management scripts. Report should be submitted to LMS not later that for 7 calendar days before assigned date of its presentation (on the last week of module 2 of 4th year). Project should be presented and demonstrated by all group members. Each group member should demonstrate complete understanding of all project details and give correct answers to at least two questions of instructor. 

Written test at the end of the first module (last week of module 3 of 3rd year of study) implies arrangement of the written test (in lecture room) for all students enrolled to the course. Topics covered by the test embrace first module material. 
Written exam at the end of the second module (module 4 of 3rd year of study) implies arrangement of the written test (in lecture room) for all students enrolled to the course. Topics covered by the test embraces all course material. 

8. Methods of Instruction
Course studies are organized in the form of lectures and practical studies. Besides traditional forms, some active and interactive forms are provided: discussion of real industry case studies; proposing and discussing group projects topics and its planned outcomes, using interactive simulators for database languages.

9. Special Equipment and Software Support 
Projector for lectures and practical studies.
Software access: internal network, in accordance with license and contract.
· Microsoft Windows 7 Professional RUS 
· Microsoft Windows 8.1 Professional RUS
· Microsoft Windows 10
· Apple Mac OS
· Microsoft Visual Studio 2015 Community (or later versions)
· SQL Server Management Studio 
