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The world is increasingly 
driven by data… 

This class teaches the basics of 
how to manage relational data.
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Increasingly many companies see 
themselves as data driven.
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Key Questions We Will Answer

• How can we collect and store large amounts of data?
- By building tools and data structures to efficiently index and serve data

• How can we efficiently query data?
- By compiling high-level declarative queries into efficient low-level plans

• How can we safely update data?
- By managing concurrent access to state as it is read and written

• How do different database systems manage design trade-offs?
- e.g., at scale, in a distributed environment?
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When you’ll use this material

• Building almost any software application
- e.g., mobile, cloud, consumer, enterprise, analytics, machine learning
- Corollary: every application you use uses a database
- Bonus: every program consumes data (even if only the program text!)

• Performing data analytics
- Business intelligence, data science, predictive modeling
- (Even if you’re using Pandas https://pandas.pydata.org/, you’re using relational 

algebra!)

• Building data-intensive tools and applications
- Many core concepts power deep learning frameworks to self-driving cars

https://pandas.pydata.org/
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Agenda

1. Introduction, admin & setup, pedagogy

2. Overview of the relational data model

3. SQL, SQL, SQL...
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Big Data Landscape… Infrastructure is Changing

http://www.bigdatalandscape.com/

New tech. Same Principles.

http://www.bigdatalandscape.com/


8

Some "birth-years". When was SQL born?

• 2004: Facebook

• 1998: Google
• 1995: Java, Ruby
• 1993: World Wide Web
• 1991: Python

• 1985: Windows
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Some "birth-years"

• 2004: Facebook

• 1998: Google
• 1995: Java, Ruby
• 1993: World Wide Web
• 1991: Python

• 1985: Windows

• 1974: SQL
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Why should you study databases?

• Mercenary- make more $$$:
- Startups need DB talent right away = low employee #
- Massive industry…

• Intellectual:
- Science: data poor to data rich

• No idea how to handle the data!
- Fundamental ideas to/from all of CS: 

• Systems, theory, AI, logic, stats, analysis….

Many great computer systems ideas started in DB.
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What this course is about (and what not)

• Discuss fundamentals of data management
- How to design databases, query databases, build applications with them.

- How to debug them when they go wrong!

- Not how to be a DBA or how to tune Oracle 12g or to build a website with MySQL

• We’ll cover how database management systems work 

• And some (but not all of) the principles of how to build them 



12

Who we are…

• Instructor (me) Wolfgang Gatterbauer
- One of three tenure-trck faculty in the DATA lab (https://db.ccis.northeastern.edu/)
- Taught before at University of Washington and CMU's business school
- Research: theoretic foundations for scalable data management
- Office hours: M 2:00-3:00, WVH 450 (or via email: please suggest 3 time slots)

https://db.ccis.northeastern.edu/)
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Teaching Assistants
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Communication w/ Course Staff

• Piazza

• Office hours. Poll on Piazza
- MON: 6-9
- MON, THU: 6-8
- MON: 6-8, THU: 6-7, FRI: 5-6

• By appointment!

TAs OHs to be listed on 
the course website!

Meeting location: 4th floor WVH

The goal is to get you to answer each other’s questions 
so you can benefit and learn from each other. 
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https://northeastern-datalab.github.io/cs3200/
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Please use this simple way to let 
me know what works or not!

https://goo.gl/sLJJeH

Even if you find minor annoying 
issues (spelling mistakes, 
outdated links, confusing 
explanations), please spend a 
minute to let me know. It will 
improve the rest of your class.

Piazza is visible to everyone in this 
class. This form only to me

Feedback throughout the semester

https://goo.gl/sLJJeH
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Important!

• Students with documented disabilities should send in their 
accommodation letter from the Disability Resource Center at 20 
Dodge Hall by the end of this week to me.
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Lectures

• Lecture slides cover all essential material
- This is your best reference.

- We are trying to get away from books, but do have pointers and chapter excerpts that 

will be posted on BB and on the website

• Try to cover same thing in many ways: Lectures, In-class exercises, homework, 

exams (no shock)

- Attendance makes your life easier… 

• Provide additional textbook chapter excerpts

- may explain the same concepts in slightly *different* ways
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Attendance

• I dislike mandatory attendance… but in the past we noticed…
- People who did not attend did worse L
- People who did not attend used more course resources L
- People who did not attend were less happy with the course L

• My policy: voluntary (to start!) -- reserve right to change

• However, you are graded by "class participation" (more on that later)
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Graded Elements

• Gradiance quizzes (10%)

• Class participation (10%)

• Homeworks (30%)

• Three exams (50% = 15% + 15% + 20%)

Homeworks are typically 
due Mondays end of day, 

and are posted 1 week 
before due date (by 
Mondays after class)
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Un-Graded Elements

• Readings provided to just help you!
- Only items in lecture, homeworks, gradiance quizzes, or in-class activities are fair game.

• In-class activities are mainly to help / be fun!
- Will occur during class- not graded, but count as part of lecture material (fair game as 

well)
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What is expected from you 

• Attend lectures
- If you don’t, it’s at your own peril

• Be active and think critically
- Ask questions, post comments on forums, correct me in class

• Do programming and homework projects 
- Start early and be honest, work with your randomly assigne dteams

• Study for exams
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Interested in research & graduate school?

• CS 3950: Introduction to Computer Science Research
- new undergraduate class in Spring'19 by Prof. Dave Choffnes

• Goal: cover the "Science" in "Computer Science"
• Approximate content
- basic scientific principles and methods 
- selected seminal research in CS
- key current CS research topics across all major areas of CS

• By the end of the class, students are able to:
- confidently read and discuss selected research papers
- have an overview of current hot research topics in CS
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• R. Li, M. Riedewald, Xinyan Deng 
Submodularity of Distributed Join Computation

Poster presentation at Northeast Database day 2018

Paper at SIGMOD 2018

• R. Li, Aditya Ghosh, M. Riedewald, W. Gatterbauer
Optimizing Data Partitioning for Distributed Band Joins

• P. Ojha, Paul Langton, W. Gatterbauer
Scalable Compatibility Estimation in Large Network Data

Interested in research? Visit our "activities" page

https://db.ccis.northeastern.edu/activities/
Or your favorite search Engine: "data lab northeastern"

https://db.ccis.northeastern.edu/activities/
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Lectures: from a user’s perspective & how it works

1. SQL: Relational data models & Queries
- ~ 5-6 lectures
- How to manipulate data with SQL, a declarative language
• reduced expressive power but the system can do more for you

2. Database Design: Design theory and constraints
- ~ 5-6 lectures
- Designing relational schema to keep your data from getting corrupted

3. Transactions: Syntax & supporting systems
- ~ 3-4 lectures
- A programmer’s abstraction for data consistency
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Lectures: from a user’s perspective & how it works

4. NoSQL
- ~2-3 lectures
- Key-Value Stores, Column Stores, Document stores, Graph DBs
- (More in CS6240: Large-Scale Parallel Data Processing)

5. Database internals: Query Processing
- ~ 3-4 lectures
- Indexing 
- External Memory Algorithms (IO model) for sorting and joins
- Basics of query optimization (Cost Estimates)
- Relational algebra
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https://northeastern-datalab.github.io/cs3200/fa18s2/sched.html



28

SQL book (other book chapters become available over time)

"Sams Teach yourself SQL in 10 minutes" by 
Ben Forta, 2012 (~$20) 

• Very concise introduction to SQL
• I suggest you read at your own speed
• Online version available from our website

Or: 
http://www.amazon.com/Sams-Teach-Yourself-Minutes-
Edition/dp/0672336073

http://ptgmedia.pearsoncmg.com/images/9780672336072/samplepag
es/0672336073.pdf

http://www.amazon.com/Sams-Teach-Yourself-Minutes-Edition/dp/0672336073
http://ptgmedia.pearsoncmg.com/images/9780672336072/samplepages/0672336073.pdf
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Course Pedagogy
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Studying new material: "Under which study condition do 
you think you learn better?"

Source: Karpicke & Blunt, "Retrieval Practice Produces More Learning than Elaborative Studying with Concept Mapping," Science, 2011.

Judged performance
(=what people think)

Actual performance
(=what is actually working)

passive reading active Q&A

⇒ name plates, 
class participation



31Source: http://5.mshcdn.com/wp-content/gallery/the-year-2000-as-imagined-in-1900/future.jpg

The year 2000 imagined in 1900

http://5.mshcdn.com/wp-content/gallery/the-year-2000-as-imagined-in-1900/future.jpg
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Sequencing Material: "Under which teaching 
condition do you think you learn better?"

Source: Bjork & Bjork, "Making things hard on yourself, but in a good way: Creating desirable difficulties to enhance learning," Psychology and the real world (...), 2011.

⇒ exams are 
comprehensive
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Spaced Repetition

1 day 3 days 1 week 1 month 6 months

correct

incorrect

Ebbinghaus 

Forgetting Curve

Leitner System 

(Pimsleur's graduated

interval recall)

Sources: http://www.wired.com/2008/04/ff-wozniak/,   Gatterbauer & Suciu, "Managing Structured Collections of Community Data," CIDR 2011.

http://www.wired.com/2008/04/ff-wozniak/
http://www.cidrdb.org/cidr2011/Papers/CIDR11_Paper28.pdf
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The "Surfer Analogy" for time management

Source: http://stwww.surfermag.com/files/2013/10/Yak_Charlie-970x646.jpg

http://stwww.surfermag.com/files/2013/10/Yak_Charlie-970x646.jpg
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Why I don't post slides *before* lecture

Source: ”Thinking Physics: Understanding Practical Reality”, Lewis Carroll Epstein, 1979-2009.  http://www.amazon.com/Thinking-Physics-Understandable-Practical-Reality/dp/0935218084

...

From the Preamble of one of the best physics books: „How to read this book“

...

http://www.amazon.com/Thinking-Physics-Understandable-Practical-Reality/dp/0935218084
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My pedagogic goals for classroom effectiveness

Increased learning Fair assessment

signal
noise ratio

Δ learning
time invested ratio

Goal

Metric

Implications minimize chores, have group HWs, 
"soft" graded HWs, no attendance
check, in-class problems, class
contributions, interleaved, discuss
student solutions, ...

exam: hard, 
comprehensive, 
individual, time-
constrained

Risks "Slacking off" Stress, "not fun"
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Final exam
• Closed book, individual,

hard, comprehensive,
time-constrained

• Therefore: fair!
• See BB for last exam3

• But don't mistake the
dominant group-work
throughtout the term
with you knowing
the material alone

• You can bring your own
one page scribble page
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0%#

100%#
To

ta
l&P
oi
nt
s&

Student&Popula0on&

Grading Philosophy
• no fixed percentages (e.g., 30% for A)
• no fixed cut-offs (e.g., 80/100 for A)

A B

cut-off points depend on 
overall class interactivity as 
compared to other years

I will not disclose the actual cut-off points. Don't ask for an exception.

Actual point distribution from a 
past final exam: long, but fair!

C
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Class participation

Participation in class
• Never attends class
• Sometimes attends class 
• Attends class regularly
• Attends class regularly & always brings name tag
• Comes to class sometimes, brings name tags, and 

asks or answers questions regularly
• Comes to class sometimes, brings name tags, and 

asks questions that make me think and create new 
slides to answer the question next time

Participation grade
• 0
• 0
• 0
• 0
• 9

• 10
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Participating in a large class

Source: Thomas Lohnes/Getty Images, https://psmag.com/news/kids-will-be-gender-biased-kids

https://psmag.com/news/kids-will-be-gender-biased-kids
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Alternative class participation (optional)
• Suggested by a student last semester who felt he could contribute, but felt too uneasy in 

the class environment
• Completely optional, at the end of the class, and if worried about participation grade
• You create a few PPTX slides that illustrate any important concept from class in a way that 

you think explains them *better* than how it was taught in class.
- Say, you really found outer joins confusing, or translating ERDs into relational schemas, or conflict graphs, or all the 

logarithm bases in the cost models. Then after you looked deeper, talked to your study mates, all of a sudden it 
made sense, and you think: "I could have explained that better than he did."

• If a student contributes *high-quality* content (i.e. content that I deem so great that I 
intend to incorporate it to illustrate any concepts next time), then this may slightly increase 
the class participation.
- High-quality: Content that is just a re-hashing of existing material gets no extra points

• Attribute your material
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My acknowledgements

• This course builds upon the structure and content of several existing 
database classes. Some content courtesy to Ramakrishnan-Gehrke, 
Dan Suciu, Magda Balazinska, Gerome Miklau, Yanlei Diao, 
Alexandra Meliou, Cris Re, Peter Bailis, Andy Pavlo, and Benny 
Kimelfeld. Also full credit to Nate Derbinsky and Jan-Willem van de 
Meent for the slick web page design. 
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Study groups are great for learning material!

• "... The groups of students who were doing best spontaneously 
formed study groups... 

• Students who were not doing as well tended to do as the instructor 
suggested-study two hours out of class for every hour in class-but 
did it by themselves with little social support...

• ... even well-prepared students (high math SATs) are often 
disadvantaged by high school experiences that lead them to work 
alone."

Source: Craig Nelson, Dysfunctional Illusions of Rigor: Part 1 - Basic Illusions, http://cgi.stanford.edu/~dept-ctl/tomprof/posting.php?ID=1058

http://cgi.stanford.edu/~dept-ctl/tomprof/posting.php?ID=1058
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A quizz

Which of the following lowers your measured IQ the most:
A. Smoking marijuana before taking test.
B. Responding to email/texting while taking test.
C. Losing a nights sleep before taking test.
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A quizz

• You suck at multitasking!
• Everyone sucks at multitasking
Source: Courtesy of Mike Smith, http://news.bbc.co.uk/2/hi/uk_news/4471607.stm
(It is a bit of an over-simplification. Clarifications by the original author are here: http://www.drglennwilson.com/Infomania_experiment_for_HP.doc) 

Which of the following lowers your measured IQ the most:
A. Smoking marijuana before taking test.
B. Responding to email/texting while taking test.
C. Losing a nights sleep before taking test.

Answer: B

http://news.bbc.co.uk/2/hi/uk_news/4471607.stm
http://www.drglennwilson.com/Infomania_experiment_for_HP.doc
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Multitasking

“multitasking adversely affects how you learn. Even if you learn while multitasking, that 
learning is less flexible and more specialized, so you cannot retrieve the information as easily.” 
--Russell Poldrack, UCLA Psychology Professor

“Our research offers neurological evidence that the brain cannot effectively do two things at 
once.” -- Rene Marois, Dept. of Psychology, Vanderbilt

“The brain is a lot like a computer. You may have several screens open on your desktop, but 
you’re able to think about only one at a time.” -- William Stixrud, Neuropsychologist

Source: Courtesy of Mike Smith

“Myth #3: Multitasking when it comes to paying attention, is a 
myth… studies show that a person who is interrupted takes 
50% longer to accomplish a task. Not only that, he or she 
makes up to 50% more errors” -- John Medina (Brain rules)

“…multitasking is a lie. You’re asking me to switch attention, 
and that makes me less productive.” -- Dave Crenshaw (The 
myth of multitasking)

If you do something else in class ® I will pick on you:
You need to prove to me that you can multitask.
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Course evaluation: Thanks for leaving *detailed* Feedback J

1. Topics most interesting to you (and why): 1 SQL, 2 DB design 3 Transactions, 4 Internals, 5 NoSQL: more 
or less material? / what part most difficult / slower or faster?

2. Class organization / Website / : did you find what you were looking for? / what was difficult to find or 
follow? What would have helped? Suggestions for Blackboard or website or Piazza or Gradescope?

3. Installing software: what was difficult to install? What would have helped in addition to the provided 
PDFs (installation videos?) Replace Postgresql with MySQL (Postgresql is better for optimizing, but we 
won't cover this in detail next time)? Virtual machines? 

4. Jupyter notebooks: what went well or wrong? how to improve?
5. What aspects helped you learn and not forget: more cold calling / group exercises / short slide exercises 

(SQL) / hands-on SQL typing / FMs on homework solutions / Office Hours / TA Office Hours
6. Learning material: SQL on slides vs. SQL typing/ slides / textbooks / other resources
7. Use of computers & social media in class: yes / no
8. HW & group projects: working in groups / assigned random groups / detail of feedback in HW solutions 

/ peer evaluation / slacking off vs. learning
9. Assessment & cheating: more British style: homeworks = practice / final = test
10.Best practice from other classes / what to copy *to* other classes. Other ways I can help: office hours / 

anonymous feedback form / 5min breaks / 5min "social breaks" where I assign you to talk to somebody 
11.How to make you engage more actively? SQL worked really well. More random calling from class list?
12.…
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Ideas for from last semester for this semester

• No project, but more longer homeworks in larger groups
- keep soft graded HWs, hard exams

• Gradescope, some autograded Jupyter notebook checks for code
• Topics:
- 1 SQL: no change
- 2 Database design: shorten and completely replace the Stanford arrow notation 

with crow foot / UML; personalize Gradiance
- 3 Transactions: extend and include hands-on exercises
- 4 Database internals: shorten; remove advanced joins, but keep indices and RA
- 5 NoSQL: extend with hands-on with all 4 types of NoSQL databases;
• To be decided: all in Jupyter, or actual installations, or preinstalled on VMs
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Feedback throughout the semester

Please use this simple way to let 
me know what works or not!

https://goo.gl/sLJJeH

Even if you find minor annoying 
issues (spelling mistakes, 
outdated links, confusing 
explanations), please spend a 
minute to let me know. It will 
improve the rest of your class.

Piazza is visible to everyone in this 
class. This form only to me

https://goo.gl/sLJJeH
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Agenda

1. Introduction, admin & setup, pedagogy

2. Overview of the relational data model

3. SQL, SQL, SQL...



51

What we will learn about next

1. Definition of DBMS

2. Data models & the relational data model

3. Schemas & data independence



52

What is a DBMS?

• A large, integrated collection of data

• Models a real-world enterprise
- Entities (e.g., Students, Courses)
- Relationships (e.g., Alice is enrolled in 145)

A Database Management System (DBMS) is a 
piece of software designed to store and 
manage databases
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A Motivating, Running Example

• Consider building a course management system (CMS):

- Students
- Courses
- Professors

- Who takes what
- Who teaches what Relationships

Entities
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Data models

• A data model is a collection of concepts for describing data

- The relational model of data is the most widely used model today
• Main Concept: the relation- essentially, a table

• A schema is a description of a particular collection of data, using the 
given data model

- E.g. every relation in a relational data model has a schema describing types, 
etc.
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Bruce Lindsay, IBM Research

As quoted in: https://dl.acm.org/citation.cfm?id=1083803

“Relational 
databases are the 
foundation of 
western 
civilization”

https://dl.acm.org/citation.cfm?id=1083803
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Modeling the CMS

• Logical Schema
- Students(sid: string, name: string, gpa: float)
- Courses(cid: string, cname: string, credits: int)
- Enrolled(sid: string, cid: string, grade: string)

sid Name Gpa
101 Bob 3.2
123 Mary 3.8

Students

cid cname credits
564 564-2 4
308 417 2

Coursessid cid Grade
123 564 A

Enrolled

Relations
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Modeling the CMS

• Logical Schema
- Students(sid: string, name: string, gpa: float)
- Courses(cid: string, cname: string, credits: int)
- Enrolled(sid: string, cid: string, grade: string)

sid Name Gpa
101 Bob 3.2
123 Mary 3.8

Students

cid cname credits
564 564-2 4
308 417 2

Coursessid cid Grade
123 564 A

Enrolled

Corresponding 
keys
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Other Schemata…

• External Schema: (Views)
- Course_info(cid: string, enrollment: integer)
- Derived from other tables

• Logical Schema: Previous slide

• Physical Schema: describes data layout
- Relations as unordered files
- Some data in sorted order (index)

Administrators

Applications
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Data independence

• Concept: Applications do not need to worry about 
how the data is structured and stored

59

Logical data independence:
protection from changes in the 
logical structure of the data

Physical data independence:
protection from physical layout 
changes

One of the most important reasons to use a DBMS

I.e. should not need to ask: can 
we add  a new entity or attribute 
without rewriting the application?

I.e. should not need to ask: 
which disks are the data stored 
on? Is the data indexed?
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Summary of DBMS

• DBMS are used to maintain, query, and manage large datasets.
- Provide concurrency, recovery from crashes, quick application development, integrity, 

and security

• Key abstractions give data independence

• DBMS R&D is one of the broadest, most exciting fields in CS. Fact! 
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Agenda

1. Introduction, admin & setup, pedagogy

2. Overview of the relational data model

3. SQL, SQL, SQL...


