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Why (CS) research? 





What is CS research?
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Computer science research

What is the goal of research?

Why has it driven major innovations in computing?

What separates research from advanced development?



A Tale of Two Turing 
Awards



Engelbart: interactive
computing
When computers originated, they were used for, 
well, computing: calculating mathematical 
functions.

This meant that computers were seen as most 
appropriate for slow, batch interaction, shared by 
entire teams.

NYT article:
Computer Visionary
Who Invented the

Mouse
(Douglas C. Engelbart)
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Engelbart: interactive
computing
“No, let's do it this way instead:” computing should 
be used as a tool for thought. We must move from 
batch-style computing to interactive computing.

His result was the "Mother of All Demos": mouse, 
hypertext, bitmapped screens, collaborative 
software, and more.

This led to Xerox Star. Steve Jobs saw it, was 
wow'ed, and infused the ideas into the Macintosh.

17

https://www.youtube.com/watch?v=B6rKUf9DWRI&t=327s


http://www.youtube.com/watch?v=B6rKUf9DWRI


LeCun, Hinton, Bengio:
deep learning
The idea of neural networks had been around for 
fifty years, but unsuccessful. Major AI figures had 
trashed it, even proving that early versions had very 
limited expressiveness.

Instead, machine learning was based on other 
models, for example the support vector machine 
and graphical models. Neural networks did not 
perform well.
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LeCun, Hinton, Bengio:
deep learning
“No, let's do it this way instead:” these networks 
learn extremely complex functions, so they need 
much more data than existing machine learning 
approaches, GPUs to train, and algorithms to 
enable them to learn more effectively.

Around 2010, these models began smashing 
records in speech and image recognition. They are 
now foundational to ML.
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Not all research wins Turing Awards. But…

It all follows this same formula —

An implicit assumption: Industry and other researchers all thought one way about a 
problem

“No, let's do it this way instead:” The researcher offered a new perspective that 
nobody had ever considered or made feasible before. They proved out their idea as the 
better approach.
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And now, a definition.

Research introduces a fundamental new idea into the world.

Examples:
• Computing that is interactive, not batch
• Algorithms needed to make deep learning effective

These ideas did not exist in any mature or well-articulated way before their creators 
developed them.

If the idea is already in the world, for example published by someone else, it is not 
considered novel, and thus not research.
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Research creates industry

PageRank algorithm

Online education

Computer virtualization
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Apache Spark: big data 
processing engine

Early "gateway" (router) software



Industry vs. research

What makes other start-ups and industry different than research?

If the core idea already exists, but needs to be refined in order to see success…it might 
be important, but it's not research.

25



(An incomplete list of)
research areas in
computer science



Architecture

Artificial intelligence

Computational biology

Computer graphics

Computer security

Computer systems

Computer vision

Data science

Education

Human-computer interaction

Machine learning

Natural language processing

Networking

Operating/distributed systems

Programming systems/verification

Robotics

Theory
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Architecture

Artificial intelligence

Computational biology

Computer graphics

Computer security

Computer systems

Computer vision

Data science

Education

Human-computer interaction

Machine learning

Natural language processing

Networking

Operating/distributed systems

Programming systems/verification

Robotics

Theory

Topic: artificial intelligence
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Architecture

Artificial intelligence

Computational biology

Computer graphics

Computer security

Computer systems

Computer vision

Data science

Education

Human-computer interaction

Machine learning

Natural language processing

Networking

Operating/distributed systems

Programming systems/verification

Robotics

Theory

Topic: computer systems
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Architecture

Artificial intelligence

Computational biology

Computer graphics

Computer security

Computer systems

Computer vision

Data science

Education

Human-computer interaction

Machine learning

Natural language processing

Networking

Operating/distributed systems

Programming systems/verification

Robotics

Theory

Topic: theory
33



Architecture

Artificial intelligence

Computational biology

Computer graphics

Computer security

Computer systems

Computer vision

Data science

Education

Human-computer interaction

Machine learning

Natural language processing

Networking

Operating/distributed systems

Programming systems/verification

Robotics

Theory

Method: probability and modeling
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Architecture

Artificial intelligence

Computational biology

Computer graphics

Computer security

Computer systems

Computer vision

Data science

Education

Human-computer interaction

Machine learning

Natural language processing

Networking

Operating/distributed systems

Programming systems/verification

Robotics

Theory

Method: design
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Architecture

Artificial intelligence

Computational biology

Computer graphics

Computer security

Computer systems

Computer vision

Data science

Education

Human-computer interaction

Machine learning

Natural language processing

Networking

Operating/distributed systems

Programming systems/verification

Robotics

Theory

Method: empirical measurement and hypothesis testing
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Research mindset

Research is different than your usual coursework.

● Coursework tends to be very clearly defined. Research tends to be exploratory and 
iterative.

● You probably won't know the right answer: if we knew whether it was going to 
work, it wouldn't be research.



In other words, there must be novelty

If the idea is already in the world, it is not considered novel, and thus not research.
 

To do research, you need to achieve something that nobody else has ever done. That novel 
achievement is called the contribution of your research.
 

You’ll hear people say things like:
 

“This is an extremely novel contribution.”

“This work is a tad too incremental.”  (its improvement or level of creativity over the state of the art is only 
minimal)



Novelty how? Flip The Bit 



Bit flip: invert an assumption

An inversion of an assumption that the world has about how the world is supposed to 
work.
 

Recipe for a bit flip:
 

1)  Articulate an assumption, often left implicit in prior work: this is the bit
 

2)  “No, it should be this way instead:” argue for an alternative to that assumption



Project Bit Flip

Ubifit Activity tracking requires custom 
hardware.

Activity tracking requires just a 
standard cell phone.

BERT NLP machine learning models 
should read sentences word by 
word, so the model can see what’s 
before the current word.

NLP machine learning models 
should consume the entire sentence 
at once, so the parser can see what’s 
before and after.



First, know the bit via literature search 

Nearest
neighbor

influence
Your

project



Imagine a set of design axes.
 
Your project should 
maintain position on most 
of them, but differentiate 
itself along one axis.

Literature search graph



Single paper bit flip: exercise

Vision Transformer paper [Dosovitskiy et al. ’20]:
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What are the bit and flip?  [2 mins]



Literature-level bit flip

Eventually your goal is not to pivot off a single paper, but off the literature more broadly. 
This makes for a stronger argument of novelty.

 

Recipe:

1)  Read the literature. (Which papers?)

2)  What assumptions underlie all of the papers?    ∀ p ∈ papers

3)  Which assumption are you changing? And why does it matter to the literature?



Literature: clearer bit flip
Why do a literature-level bit flip instead of a 
paper-level bit flip?

There exist many possible bit flips for a 
single paper, but not every possible bit flip 
matters. Some are incremental.

The broader an understanding you 
have of the literature and the design 
axes underneath it, the more effectively 
you can pick the right bit flip.



Ultimately…

It’s unlikely that you will find an idea that nobody has ever 
articulated in any context ever.
 

Instead, your goal is to articulate the broadest class of papers 
possible that your bit flip applies to.



Explaining a project → 
Introduction



Try it!

Turn to a partner and explain your project to them  [1 min each]

● How clearly do you understand the problem that your partner is addressing?
● How clearly do you understand the solution that your partner is proposing?
 



What is an Introduction?
● The Introduction makes the case for your research, in brief. 
● One way to think about it:
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YouTube Search

0:20 / 2:36

Video your friend sent you

By this point, the video has hopefully 
made clear to you what it's about, and 
you've made a decision about whether to 
watch the rest of it.



Each introduction makes the case for two 
things:

● The problem: Why do we care about the problem you're solving?
● The solution: Why is your approach creative and correct?



Architecture of an intro
…great, Zixian thanks. But how do we actually do this?

Problem motivation

Set up the bit

Solution (bit flip)

Problem

Solution
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Problem motivation

Explain the main problem that you're trying to 
solve. 

Use citations to back up your claims about the 
existence of the problem, and why we should care 
about solving it.

Problem motivation

Set up the bit

Solution (bit flip)
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Set up the bit

Answer the question, "Why isn't this problem 
solved yet?" by setting up the bit that you're going 
to flip. This is a summary of related work — one 
that's directly in service of your bit.

Problem motivation

Set up the bit

Solution (bit flip)
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● Networks are hard to (re)configure
● Interactions with computers are stuck on flat glass displays
● Generative AI models are challenging to evaluate



bit = decentralization

The rest of this introduction 
paragraph is dedicated to 
surveying related work with 
respect to how decentralization 
is architected, and to its 
outcomes.
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Unpacking the solution

The solution has to explain two things: what the big 
idea is, and how that big idea gets instantiated in 
the specific context of this problem.

(Even if someone hears your bit flip — that you 
want to introduce recurrence inside the neural 
network — they may still have no idea how that 
actually connects to the problem of language 
generation.)

Problem motivation

Set up the bit

Flip the bit

Instantiate the bit flip

Problem

Solution
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Flip the bit

● The topic sentence of this paragraph is the thesis 
statement of your entire research project.

● Pivot off of the bit you set up to flip the bit. 
Explain why flipping the bit is a good idea for the 
problem at hand.

● It should now be obvious to a reader given the 
prior paragraph that this research is novel, since 
you have proven that nobody else has flipped 
that bit.

Problem motivation

Set up the bit

Flip the bit

Instantiate the bit flip
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flip = re-centralize

via guilds

The rest of the paragraph 
explains the high-level idea.

19



Instantiate the bit flip

At this point, the reader understands the idea that 
you're proposing, but it's still very high level. In this 
paragraph, map that idea onto a concrete 
instantiation.

Typically, this is where the system or algorithm that 
you're creating gets a name. Explain its architecture 
or design at a high level. Make clear how this 
architecture or design is an instance of the bit flip.

Problem motivation

Set up the bit

Flip the bit

Instantiate the bit flip
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instantiation =

crowd guilds system

The rest of the paragraph details 
how crowd guilds work.
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Types of bit flips



Why only make one move?

When making an argument, you want to introduce one major new idea, to minimize 
the new ideas your listener needs to absorb. A research paper typically only flips one 
bit.

Typically you are spending the introduction making the case for your new idea. If you 
are trying to make the case for both a new problem and a new solution, a reader 
might disagree with either.

This is not to say that you can't do new problem / new solution; just that it's a risky 
varsity maneuver.
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Try again

Turn to your partner and explain your project. Cheat 
sheet on the right.  [1 min each]

How clearly do you understand your partner's 
problem?

How clearly do you understand your partner's 
solution?

Problem motivation

Set up the bit

Flip the bit

Instantiate the bit flip
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Evaluation and Implications

Evaluation: We'll talk about next.

Implications: If you're right and the bit flip is how 
everyone should be approaching this problem from 
now on, what implications are there for the field?

Will it change the contexts in which we use this 
technology? Will it broaden usage?

Problem motivation

Set up the bit

Flip the bit

Instantiate the bit flip

Evaluation

Implications
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