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Why to do research?



Why to do research?

® Follow your own interest.
® Be creativel

® | carn the scientific method - how to find truth through
hypothesizing, predicting, experimentation.

® Discover something nobody knew betore you.
® Safe space to “be bold”, i.e., tackle big problems.

® Fundamentally entrepreneurial: High “risk”, high reward.



How to recognize good research?



Novelty

My personal tavorite heuristic of research quality is surprisal.
Aim to do work that is surprising.

What makes something surprising?
* People should gain a lot of information from it
* |t should be new
* |t should be understandable
* |t should be just a bit outside of current paradigms



Novelty

Very hard to achieve without knowing what has already been done.

http://matt.might.net/articles/phd-school-in-pictures/
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How to do good researcn?



Picking a topic




Science is the “Art of the Soluble”

PBMEDAWAR

The Artof
the Soluble

“*Good scientists study the most important
problems they think they can solve. It 1s, after
all, their professional business to solve problems

not to grapple with them.” —Peter Medawar”
— Jitendra Malik



The (abridged) Heilmeier Catechism

e Problem definition: What are you trying to do?

How is it done today, and what are the limits of current
practice?

What is your approach and why is it better?

Who cares? If you are successful, what difference will it
make”?
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George H. Heilmeier, former DARPA director (1975-1977)

What are the mid-term and final “exams” to check for
success?



There are many ways to contribute

Mathematical theory Proposing new problems

Theorem 4. (weak* topology) Let {IP,,} be a sequence of distributions. Considering n — o,

under mild Assumption, maxy My, (Py,P,) > 0P, L, Py, where Ly means converging in
distribution [3].
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Add a node

3D Spectral methods
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Adversarial learning .

Neural nets

Differential Eqgs




Add an edge

3D Spectral methods

Wave\et

. Differential Eqgs
Adversarial learning / .

Neural nets Neural ODE

GANs



Know something no one else knows

e |t's necessary but not sufficient to master the core knowledge
of your fielo

e Acquire a unique skillset

“My answer to "Now What" 1s "here 1s a research

e Take difficult or unusual classes problem which is unusual, perhaps significant, novel,
that I can pose and probably solve because of my
* Read old papers background in physics". The situation would not be

readily 1dentified as a problem at all by those whose
background seems much more relevant than my own.”

— “Now What”, John Hopfield

* Take on a complementary hobby

* Talk to people in other fields



Question obvious weirdness

eOften, when you are new in a field, you are confronted with
something that everybody accepts, but that strikes you as weird.

*These are often good research topics.



Build a ramp

Agents that can
imagine and plan

Generative models

Colorizing photos

“When you are famous it 1s hard to work on small problems. This 1s what did Shannon 1n. After information theory,
what do you do for an encore? The great scientists often make this error. They fail to continue to plant the little
acorns from which the mighty oak trees grow.”

— Richard Hamming, “You and Your Research™



Think about the consequences

Why are you working on the problem you are working on?
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What would happen if you were successful? Is that what you want to
happen? Consider impact on science. Consider impact on society.



Get comfortable being confused
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Michael Black @Michael_J_Black - 21h

Replying to @Michael_J_Black

There is an essential stage of confusion necessary for the formation of
really new ideas. | call this the “high-temperature” state, where

exploration happens. It can be uncomfortable for students and advisors
but | encourage It.
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Michael Black @Michael J Black - 21h

My role as an advisor is sometimes to raise the temperature, apparently
Increasing confusion by suggesting new directions. Then, at a critical
point, | quench the system, dropping the temperature, and helping the
student “close the deal.”
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Data

Researcher

Objective
Hypothesis space

Optimizer

T

Your brain

— Discoveries, Theories, Tools



Doing good work on that topic

Researcher

Objective

Data — — Discoveries, Theories, Tools
Hypothesis space

Our goal is to produce knowledge that generalizes
Optimizer

T

Your brain

“One kind of result which probably won’t generalize 1s: “algorithm A works better than algorithm B.” Different application
areas have their own requirements... The kind of result I believe generalizes to new situations 1s the nature of the tradeoffs
between different approaches.”

— “Which Research Results Will Generalize?” Roger Grosse [https://lips.cs.princeton.edu/which-research-results-will-generalize/]




Fit the data

“Now I'm going to discuss how we would look for a new law. In general, we look for a new law by the
following process. First, we guess it (audience laughter), no, don’t laugh, that’s the truth. Then we compute
the consequences of the guess, to see what, 1f this 1s right, 1f this law we guess 1s right, to see what 1t would
imply and then we compare the computation results to nature or we say compare to experiment or experience,
compare 1t directly with observations to see it 1t works.

It 1t disagrees with experiment, it’s wrong. In that simple statement 1s the key to science. It doesn’t make any
difference how beautiful your guess 1s, it doesn’t matter how smart you are who made the guess, or what his
name 1s ... If 1t disagrees with experiment, it’s wrong. That’s all there 1s to 1t.”

— Richard Feynman



Omit needless bits
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Information creep

Performance

Number of terms in your loss function



Information creep

Cognitive
cost

Number of terms in your loss function



Information creep

Coding cost

Number of terms in your loss function



Information creep

Number of
possible
bugs

Number of terms in your loss function



Information creep

Generality of
formulation

Number of terms in your loss function



Information creep

100%

Chance
someone will
know how to

use your

code

0%
Number of lines in GitHub readme



Information creep

100%

Chance
someone will
understand
your
discovery

0%
Number of experiments in your paper



Information creep

Needless bits
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Bits of information

Utility




Do the most, with the least

Discoveries

Explanations
Products Results

Tools

Metric for research

Words

Equations
Concepts

Costs Lines of code

GPUs
People, Time, Money




Pareto front of simplicity vs novelty
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What the reviewing system rewards

Novelty
(useful information)

Simplicity

(1 / total information)




What stands the test of time

Novelty
(useful information)

Simplicity

(1 / total information)




Scope your contribution

Generative model

of images

ot face images

Pick the broadest scope under which your work is novel. Too broad and your work is

indistinguishable from prior theory. Too narrow and you lose impact.



The regularizing force of human fallibility

® The vast majority of information at any given academic conference is forgotten —
that's a good thing

® \We tend to forgot all but the simplest and starkest discoveries

® Complex and subtle discoveries are usually either overtit or unimportant

The sociotechnical forces

against overfitting

[https://www.youtube.com/watch?v=mrw4KIP5en(]

Moritz Hardt

UC Berkeley


https://www.youtube.com/watch?v=mrw4KlP5en0

