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The world is increasingly 
driven by data… 

This class teaches the basics of 
how to manage relational data.

https://northeastern-datalab.github.io/cs3200/
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Increasingly, many companies see themselves 
as data driven. Not just the big players ...

https://northeastern-datalab.github.io/cs3200/
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Increasingly, many companies see themselves 
as data driven. Not just the big players ...

Source: https://www.mckinsey.com/business-functions/quantumblack/our-insights/the-data-driven-enterprise-of-2025

https://northeastern-datalab.github.io/cs3200/
https://www.mckinsey.com/business-functions/quantumblack/our-insights/the-data-driven-enterprise-of-2025


4Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Big Data Landscape… Infrastructure is Changing

New "technology", but same principles
Source: https://mattturck.com/data2021/

2012 2021

https://northeastern-datalab.github.io/cs3200/
https://mattturck.com/data2021/
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Some "birth-years". When was SQL born?

• 2006: Twitter
• 2004: Facebook
• 1998: Google
• 1995: Java, Ruby
• 1994: Amazon
• 1993: World Wide Web
• 1991: Python
• 1985: Windows

?

https://northeastern-datalab.github.io/cs3200/
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Some "birth-years"

• 2006: Twitter
• 2004: Facebook
• 1998: Google
• 1995: Java, Ruby
• 1994: Amazon
• 1993: World Wide Web
• 1991: Python
• 1985: Windows

• 1974: SQL

https://northeastern-datalab.github.io/cs3200/
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Bruce Lindsay, IBM Research

“... relational 
databases are the 
foundation of 
western civilization.”

Source: As quoted in Winslett, Bruce Lindsay speaks out, SIGMOD record 2005. https://dl.acm.org/citation.cfm?id=1083803

https://northeastern-datalab.github.io/cs3200/
https://dl.acm.org/citation.cfm?id=1083803
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Disruptive Innovation • Disruptive innovations are generally not 
acceptable for the mass market when they 
are introduced. Only the fringes of the market
pick up the innovation in the first iteration

• It performs worse in one or more areas, but is 
typically simpler, more reliable, or more 
convenient than existing technologies.

• It is less profitable than existing technologies. 
Leading firms' most profitable customers 
generally can't use it and don't want it.

• As the innovator continues to refine their 
product the utility value to the market 
increases

• Its performance trajectory is steeper than 
that of existing technologies.

• Large organizations are fundamentally 
incapable of successfully bringing it to market.

Illustration and text compiled from “The Innovator’s Dilemma” by Clayton Christensen, 1997. https://en.wikipedia.org/wiki/The_Innovator%27s_Dilemma

Sustaining technology: Listen to customers
Disruptive technology: Not market-driven!

Performance
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most demanding customer
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https://northeastern-datalab.github.io/cs3200/
https://en.wikipedia.org/wiki/The_Innovator%27s_Dilemma
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iPhone: Disruptive Innovation or not?
2: Laptops1: "Business Phones"

Microsoft in 2007

Sources: http://www.youtube.com/watch?v=eywi0h_Y5_U, http://www.asymco.com/2012/01/16/apple-is-the-top-personal-computer-vendor/

https://northeastern-datalab.github.io/cs3200/
http://www.youtube.com/watch?v=eywi0h_Y5_U
http://www.asymco.com/2012/01/16/apple-is-the-top-personal-computer-vendor/
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What keyboards without keys can do...

Sources: https://en.wikipedia.org/wiki/Swype, https://en.wikipedia.org/wiki/SwiftKey

In Feb 2016, 
SwiftKey was 
purchased by 
Microsoft, for 
250 M$

https://northeastern-datalab.github.io/cs3200/
https://en.wikipedia.org/wiki/Swype
https://en.wikipedia.org/wiki/SwiftKey
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The keyboard of the future?

Source: http://www.wired.com/2014/06/siri_ai/
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

https://northeastern-datalab.github.io/cs3200/
http://www.wired.com/2014/06/siri_ai/
https://northeastern-datalab.github.io/cs3200/
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https://northeastern-datalab.github.io/cs3200/
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Keyboards? Do we need text to communicate?

Source: http://www.buzzfeed.com/benrosen/how-to-snapchat-like-the-teens (2/2016)

https://northeastern-datalab.github.io/cs3200/
http://www.buzzfeed.com/benrosen/how-to-snapchat-like-the-teens
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What is this?

Source: http://pluggedin.kodak.com/pluggedin/post/?id=687843

(1975)

https://northeastern-datalab.github.io/cs3200/
http://pluggedin.kodak.com/pluggedin/post/?id=687843
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Evolution of Sharks

Source for picture on the right: http://themetapicture.com/evolution-it-makes-you-lose-friends/

Hybodus sp. 
(~ 180 million years ago)

Xenacanthus 
(~ 280 million years ago)

https://northeastern-datalab.github.io/cs3200/
http://themetapicture.com/evolution-it-makes-you-lose-friends/


16Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

SQL: some history

• Dr. Edgar Codd (IBM)
- CACM June 1970: "A Relational Model of 

Data for Large Shared Data Banks"
https://doi.org/10.1145/362384.362685

• Standardized
- 1986  by ANSI: SQL1
- 1992: Revised: SQL2

• Approx 580 page document describing syntax and semantics
- Revised: 1999, 2003, 2008, ...

• Players
- Oracle (Relational Software), Microsoft, IBM, ….

• Every vendor has a slightly different version of SQL
• But the main commands are standardized

https://northeastern-datalab.github.io/cs3200/
https://doi.org/10.1145/362384.362685
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Codd's (disruptive ?) 
innovation

Source: Edgar F Codd. "A Relational Model of Data for Large Shared Data Banks ", CACM 1970. https://doi.org/10.1145/362384.362685

https://northeastern-datalab.github.io/cs3200/
https://doi.org/10.1145/362384.362685
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SQL and the relational model as standard

Source: "Information Systems: A Manager’s Guide to Harnessing Technology (book v1.4)," p.185, Gallaugher, 2012. https://gallaugher.com/book/

https://northeastern-datalab.github.io/cs3200/
https://gallaugher.com/book/
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Five Turing Award Winners

Charles 
Bachmann

1973

Edgar 
Codd
1981

Jim
Gray
1998

Michael
Stonebraker

2014

Jeffrey
Ullman
2020

Compilers/PL/DB

https://northeastern-datalab.github.io/cs3200/
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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.

https://northeastern-datalab.github.io/cs3200/
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Four topics we will cover

1. SQL: Relational data & Queries (~ 9 lectures)
- How can we query and manipulate data with SQL, a declarative language?
- Behind the curtain: by compiling high-level declarative queries into 

efficient low-level plans
• reduced expressive power but the system can do more for you

2. Database Design: Design theory and constraints (~ 7 lectures)
- How can we collect and organize large amounts of data?
- By designing relational schemas that can efficiently index and organize your 

data, and keeps the data from getting corrupted

https://northeastern-datalab.github.io/cs3200/
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Lectures: from a user’s perspective & how it works

3. Transactions: Syntax & supporting systems (~ 3 lectures)
- How can we manage concurrent access to data as it is read and written?
- A programmer’s abstraction for data consistency

4. Other Data models & query processing/optimization (~ 3 lectures)
- How do databases actually optimize queries? What are other data models?
- Relational algebra, Basics of query optimization (Cost Estimates)
- External Memory Algorithms (IO model) for sorting and joins
- "NoSQL": Key-Value Stores, Column Stores, Document stores, Graph DBs
- TBD: Pandas, data modeling in Excel

https://northeastern-datalab.github.io/cs3200/
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What this course is about (and what not)

• Discuss fundamentals of data management
- How to design databases (2) and query databases (1)
- Not how to be a Database Administrator (DBA), or how to tune Oracle 12g, or to build a 

website with MySQL

• We cover some of how database management systems work and the 
principles of scalable data management
- Inconsistency in distributed settings (3)
- A little bit of what goes on behind the curtain (4). The background is too diverse to go 

into depth
- See cs4200 Database internals, taught by Renee Miller, for a more advanced version for 

cs3200

https://northeastern-datalab.github.io/cs3200/
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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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Source: https://vickiboykis.com/2019/02/13/data-science-is-different-now/

https://northeastern-datalab.github.io/cs3200/
https://vickiboykis.com/2019/02/13/data-science-is-different-now/
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Course Pedagogy

https://northeastern-datalab.github.io/cs3200/
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Sequencing Material: "Under which teaching condition 
do you think you learn better?"

Data from: Bjork & Bjork, "Making things hard on yourself, but in a good way: Creating desirable difficulties to enhance learning," 2011. https://psycnet.apa.org/record/2011-19926-008
Paragraph from:"Information Systems: A Manager’s Guide to Harnessing Technology (book v1.4)," Gallaugher, 2012. https://gallaugher.com/book/

https://northeastern-datalab.github.io/cs3200/
https://psycnet.apa.org/record/2011-19926-008
https://gallaugher.com/book/
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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.

https://northeastern-datalab.github.io/cs3200/
http://www.wired.com/2008/04/ff-wozniak/
http://www.cidrdb.org/cidr2011/Papers/CIDR11_Paper28.pdf
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Studying new material: "Under which study condition do 
you think you learn better?"

Data from: Karpicke & Blunt, "Retrieval Practice Produces More Learning than Elaborative Studying with Concept Mapping," Science, 2011. https://doi.org/10.1126/science.1199327

Judged performance
(=what people think)

Actual performance
(=what is actually working)

passive reading active Q&A

https://northeastern-datalab.github.io/cs3200/
https://doi.org/10.1126/science.1199327
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The year 2000 imagined in 1900

Source: https://publicdomainreview.org/collection/a-19th-century-vision-of-the-year-2000

https://northeastern-datalab.github.io/cs3200/
https://publicdomainreview.org/collection/a-19th-century-vision-of-the-year-2000
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Lectures are not recorded (1/2)

Source: https://www.nytimes.com/2020/09/07/opinion/remote-school.html

https://northeastern-datalab.github.io/cs3200/
https://www.nytimes.com/2020/09/07/opinion/remote-school.html
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Lectures are not recorded (2/2)

• We would like to have an encouraging environment in which everyone can 
speak up and discuss ideas freely without concern that discussions will be 
available outside of classroom.

• The course  slides are comprehensive and should allow you to be able to 
remember the key lessons from class (except for background stories I may tell 
you). Lecture slides will be posted after each class, usually by end of next day.

• Do not record or otherwise share the classroom video calls yourself. The 
Commonwealth of Massachusetts's wiretapping law requires "two-party 
consent". It is a felony to secretly record a conversation, whether the 
conversation is in person or taking place by telephone or another electronic 
medium. [See Mass. Gen. Laws ch.272,§ 99].

Mass. Gen. Laws ch. 272, §99: https://malegislature.gov/laws/generallaws/partiv/titlei/chapter272/section99

https://northeastern-datalab.github.io/cs3200/
https://malegislature.gov/laws/generallaws/partiv/titlei/chapter272/section99
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One reason why I don't post slides *before* lecture
From the preamble of one of the best physics books ever: „How to read this book“

...

...

Source: ”Thinking Physics: Understanding Practical Reality”, Lewis Carroll Epstein, 1979-2009. https://www.goodreads.com/book/show/268266.Thinking_Physics

https://northeastern-datalab.github.io/cs3200/
https://www.goodreads.com/book/show/268266.Thinking_Physics
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One reason why I don't post slides *before* lecture
From the preamble of one of the best physics books ever: „How to read this book“

...

...

Source: ”Thinking Physics: Understanding Practical Reality”, Lewis Carroll Epstein, 1979-2009. https://www.goodreads.com/book/show/268266.Thinking_Physics

You must avoid the
temptation to look at 
answers until you have
tried to find and ideally
write out the solution
yourself!

https://northeastern-datalab.github.io/cs3200/
https://www.goodreads.com/book/show/268266.Thinking_Physics
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The "Surfer Analogy" for time management

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

https://northeastern-datalab.github.io/cs3200/
http://stwww.surfermag.com/files/2013/10/Yak_Charlie-970x646.jpg
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Former Classroom Philosophy

New facts Interpreting Application

Classroom Home Test/Real LifeHome

New facts Interpreting Application

"Flipped Classroom" but requires preparation before coming to class.
In my experience works better for graduate than undergraduate classes.
Source: Gatterbauer, "Interpreting Instead of Teaching Facts in the Classroom," Teaching Theory and Academic Writing, 2008.

Normal

Flipped

https://northeastern-datalab.github.io/cs3200/
http://www.andrew.cmu.edu/user/gatt/download/2008_Interpreting_versus_Teaching_Facts_Classroom.pdf
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https://northeastern-datalab.github.io/cs3200/
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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-
enhanced" HWs, "soft-graded"
HWs, no attendance check, in-class
problems, class contributions, 
interleaved, discuss interesting 
student solutions, ...

exam: hard (by score), 
comprehensive, 
individual, time-
constrained

Risks "Slacking off" Stress, "not fun"

https://northeastern-datalab.github.io/cs3200/
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0%#

100%#

To
ta
l&P
oi
nt
s&

Student&Popula0on&

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

A B

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

cut-off points at the end of the 
semester depend on overall class 
interactivity as compared to other years

Contrast external grades vs. internal 
scores: Grade distributions are 
similar to other sections, but scores 
distributions are not

https://northeastern-datalab.github.io/cs3200/
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Final exam

• Open book but individual, hard, 
comprehensive, time-constrained

• Therefore: fair!
• See HW4 for past exam 2
• But don't mistake the dominant 

"group-enabled" work
throughtout the term with you 
knowing the material alone

• As synthesis exercise, you need to 
make and bring a one-page cheat 
sheet and hand it in after the exam
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Class participation

https://northeastern-datalab.github.io/cs3200/
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A suggestion on how to best use class time!

• It is ok to make mistakes in class. Making mistakes in class is actually the best 
thing that can happen to you. You learn and will never make it again J

• From Ray Dalio's Principles (2017):
- "Create a Culture in Which It Is Okay to Make Mistakes and Unacceptable Not to Learn 

from Them" 
- "Recognize that mistakes are a natural part of the evolutionary process." 
- "Don’t feel bad about your mistakes or those of others. Love them!"

Source: Ray Dalio. https://en.wikipedia.org/wiki/Principles_(book)

https://northeastern-datalab.github.io/cs3200/
https://en.wikipedia.org/wiki/Principles_(book)
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Alternative class participation (optional)
• Suggested by a student from an earlier 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 so much 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.
- Content that is just a re-hashing of my own material gets no extra points

• Attribute your material

https://northeastern-datalab.github.io/cs3200/
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My acknowledgements

https://northeastern-datalab.github.io/cs3200/
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Please don't yet sign. I 
will make another 
change before next week...

https://northeastern-datalab.github.io/cs3200/
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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

https://northeastern-datalab.github.io/cs3200/
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.

https://northeastern-datalab.github.io/cs3200/
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A quizz

• You suck at multitasking!
• Everyone sucks at multitasking
Source: Courtesy of Michael D Smith (https://mds.heinz.cmu.edu/), 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

https://northeastern-datalab.github.io/cs3200/
https://mds.heinz.cmu.edu/
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

“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)

®

Source: Courtesy of Michael D Smith (https://mds.heinz.cmu.edu/)

https://northeastern-datalab.github.io/cs3200/
https://mds.heinz.cmu.edu/


52

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 Canvas 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?)? Should a future version of cs3200 use Python in connection with databases?

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?
12.…
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Piazza extends our classroom – please subscribe

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://northeastern-datalab.github.io/cs3200/
https://goo.gl/sLJJeH
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Canvas

https://northeastern-datalab.github.io/cs3200/
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• Assignments usually due THU end of 
day (see Canvas calendar)

• Let me know if the way the calendar in 
Canvas is currently set up is not 
working and how to improve

https://northeastern-datalab.github.io/cs3200/


57Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

https://northeastern-datalab.github.io/cs3200/
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SQL, SQL, SQL...

https://northeastern-datalab.github.io/cs3200/

