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Be prepared to very succinctly state:
1. What do you hope to get out of this course J
2. What is your biggest fear for this course L
3. Something interesting/ surprising about you 

that is possibly related to this class

https://northeastern-datalab.github.io/cs7240/sp22/
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"Principles of Scalable Data Management"

Our intention it to build solid foundations and look at the algorithmic principles

Relational databases (and related 
technologies) are the core technology 
used for managing data at scale

https://northeastern-datalab.github.io/cs7240/
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What are the fundamental algebraic properties that allow algorithms to scale to large 
amounts of data? How to apply these principled to new data management problems?
• Inconsistencies & Trust
• Provenance & Explanations
• Uncertainty ("Probabilistic data")
• Graphs & Linear Algebra 

• PhD, Computer Science, Vienna University of Technology (2007)
• PostDoc, Database Group, University of Washington (2011)
• Assistant Professor, Tepper School of Business @ CMU
• At Khoury since 2017

Combining theory with database systems

Background of instructors: Wolfgang Gatterbauer
Background

https://northeastern-datalab.github.io/cs7240/
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Let's take turns

I call your name, please succinctly state:
1. What do you hope to get out of this course J
2. What is your biggest fear for this course L
3. Something interesting/ surprising about you 

that is possibly related to this class

This helps us get to know each other better / helps me 
understand your goals and expectations for the course

https://northeastern-datalab.github.io/cs7240/
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Foundations
of relational databases

https://northeastern-datalab.github.io/cs7240/
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Some "birth-years". When was SQL born?

• 2004: Facebook

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

• 1985: Windows

?

https://northeastern-datalab.github.io/cs7240/
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Some "birth-years". When was SQL born?
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• 1998: Google
• 1995: Java, Ruby
• 1993: World Wide Web
• 1991: Python

• 1985: Windows

• 1974: SQL

https://northeastern-datalab.github.io/cs7240/
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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!
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https://northeastern-datalab.github.io/cs7240/
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/cs7240/
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/cs7240/
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/

https://northeastern-datalab.github.io/cs7240/
http://www.wired.com/2014/06/siri_ai/
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https://northeastern-datalab.github.io/cs7240/
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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/cs7240/
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/cs7240/
http://pluggedin.kodak.com/pluggedin/post/?id=687843
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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/cs7240/
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/cs7240/
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/cs7240/
https://gallaugher.com/book/
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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/cs7240/
http://themetapicture.com/evolution-it-makes-you-lose-friends/
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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
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Three example for the intuition
about this class' focus

https://northeastern-datalab.github.io/cs7240/
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1. Parallel query processing by example: An Algorithm

• Stand up and think of the number 1
• Pair off with someone standing, add your numbers together, and 

take the sum as your new number
• One of you should sit down; the other should go back to step 2

https://northeastern-datalab.github.io/cs7240/
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1. Parallel query processing: Scalability

log n

n

size of problem

tim
e 

to
 so
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e

Note and we come back to this later: you 
performed some variant of message passing!

https://northeastern-datalab.github.io/cs7240/
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2. Generalizing Dynamic Programming

• DP: solves optimization problems that show the "optimal 
subproblem property":
- an optimal solution for the problem needs to include optimal solutions to 

any subproblem
- Forward pointer: algebraic properties that allow such "factorization"

• Assume you don't just want to find the optimal solution = top-1
- But you want to enumerate all solution. First best (top-1), then 2nd best, 

then 3rd, etc.
• Can you do this in an "optimal time"? How do define "optimal"?

https://northeastern-datalab.github.io/cs7240/
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3. Graphs (Matrix Algebra)

2
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"How close" is each node to node 4?

→ "Personalized PageRank" Linear algebra J

https://northeastern-datalab.github.io/cs7240/
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3. A problem where algebra gives surprising speed-ups

• undirected graph W
• seed labels
• compatibilities H
• remaining labels

Given:

Find:

Prob 2: Learning & prop. compatibilities

Given

Find

Prob 1: Propagating arbitrary compatibilities

?

? ?

?

?
?

?

?
?

Compatibilities

Σ=1

0.2 0.6 0.2
0.6 0.2 0.2
0.2 0.2 0.6

𝐇= 

Graph & seed labels

https://northeastern-datalab.github.io/cs7240/
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3. What is the overhead of compatibility estimation?

Propagation scales linearly with 
graph size (number of edges)

https://northeastern-datalab.github.io/cs7240/
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3. What is the overhead of compatibility estimation?

Propagation scales linearly with 
graph size (number of edges)

Learning commonly uses inference 
as subroutine (> 102 times slower)

https://northeastern-datalab.github.io/cs7240/
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3. What is the overhead of compatibility estimation?

Our estimation is *faster* then 
inference (> 10 times faster)

Propagation scales linearly with 
graph size (number of edges)

Learning commonly uses inference 
as subroutine (> 102 times slower)

https://northeastern-datalab.github.io/cs7240/
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3. What is the overhead of compatibility estimation? 
Basically for free!

Our estimation is *faster* then 
inference (> 10 times faster)

Propagation scales linearly with 
graph size (number of edges)

Learning commonly uses inference 
as subroutine (> 102 times slower)

It is basically for free. No more need 
for heuristics or domain experts!

https://northeastern-datalab.github.io/cs7240/
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"Factors": a common idea

Course Lecturer Book

cs3200 Renee Complete book

cs3200 Wolfgang Complete book

cs3200 Renee Cow book

cs3200 Wolfgang Cow book

Assume for each course, we can independently choose a lecturer and 
a book. Can we represent this table more compactly?

Classes

= ?

Multiplication distributes over Addition

https://northeastern-datalab.github.io/cs7240/
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"Factors": a common idea

Course Lecturer Book

cs3200 Renee Complete book

cs3200 Wolfgang Complete book

cs3200 Renee Cow book

cs3200 Wolfgang Cow book

Assume for each course, we can independently choose a lecturer and 
a book. Can we represent this table more compactly?

Classes

Course Lecturer

cs3200 Renee

cs3200 Wolfgang

Lecturer
Course Book

cs3200 Complete book

cs3200 Cow book

Book

=

Multiplication distributes over Addition

https://northeastern-datalab.github.io/cs7240/
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Question: How to deal with cut-offs when binning

• These are the true points that you 
would get if you could run the 
experiments long enough. 
- Assume loglog scale

• However, we can't and thus in 
practice cut-off the experiments after 
some time.

• There is an overall trend, yet some 
variation for each experiment. We 
would still like to capture the trend 
with some smart aggregations

Time 
cut-off

Size

Time

https://northeastern-datalab.github.io/cs7240/
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Question: How to deal with cut-offs when binning

• Here is what the aggregate would 
look like like if we could get all points 
and then aggregated for each size

Time 
cut-off

Size

Time

https://northeastern-datalab.github.io/cs7240/
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Question: How to deal with cut-offs when binning

• Here is what happens if we throw 
away all those points that take longer 
than the cut-off, and only average 
over the "seen points"

Time 
cut-off

Size

Time

What would you do

We will discuss next class
?

https://northeastern-datalab.github.io/cs7240/
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Pedagogy & Logistics

https://northeastern-datalab.github.io/cs7240/
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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/cs7240/
https://psycnet.apa.org/record/2011-19926-008
https://gallaugher.com/book/
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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/cs7240/
https://doi.org/10.1126/science.1199327
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https://northeastern-datalab.github.io/cs7240/
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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/cs7240/
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/cs7240/
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 the 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/cs7240/
https://malegislature.gov/laws/generallaws/partiv/titlei/chapter272/section99
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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: https://www.principles.com/

https://northeastern-datalab.github.io/cs7240/
https://www.principles.com/
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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/cs7240/
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/cs7240/
https://www.goodreads.com/book/show/268266.Thinking_Physics
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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/cs7240/
http://cgi.stanford.edu/~dept-ctl/tomprof/posting.php?ID=1058
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Quote: https://www.azquotes.com/quote/909685
Also see: https://www.inc.com/lisa-calhoun/elon-musk-on-the-1-creative-skill-every-founder-needs-now.html

"To ask the right question is harder than to answer it."

Georg Cantor

Class scribes

https://northeastern-datalab.github.io/cs7240/
https://www.azquotes.com/quote/909685
https://www.inc.com/lisa-calhoun/elon-musk-on-the-1-creative-skill-every-founder-needs-now.html
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Tools

• Canvas: 
- Links to website: with preliminary calendar, optional readings, 

administrative details, lectures slides
- Links to Piazza: discussions, questions, errors, follow-up instructions 

beyond web page; but please let me know if there is a strong preference 
for Canvas announcements!

- Canvas calendar: project milestones, submission for scribes
- link to Zoom

Let's look through the website (project topics)

https://northeastern-datalab.github.io/cs7240/
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Other Thoughts

• Active participation is important in this class. If you spot any errors 
or inconsistencies across slides/web page, typos (even if minor) do 
let me know, in class, office hours, or via Piazza! I appreciate, and it 
counts towards class participation.

• If we have online classes, please keep your webcams on, so we 
reproduce our in-person setting as much as possible. One camera 
off encourages all others to switch off (think externalities).

• Project topics: do look also through the preliminary class calendar
- Individual project (except in rare circumstances)
- But you should work together on everything else in the class!

https://northeastern-datalab.github.io/cs7240/
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Two concrete questions

• Canvas discussions & announcements vs Piazza
• Online vs. in-person vs. hybrid
• ...

https://northeastern-datalab.github.io/cs7240/

