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Why to do research?
How



Why to do research?
• Follow your own interest.


• Be creative!


• Learn the scientific method - how to find truth through 
hypothesizing, predicting, experimentation.


• Discover something nobody knew before 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 favorite 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

* It should be new

* It should be understandable

* It 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/



[Picasso]



[Picasso]



How to do good research?



Picking a topic



Science is the “Art of the Soluble”

“‘Good scientists study the most important 
problems they think they can solve. It is, after 
all, their professional business to solve problems 
not to grapple with them.’ —Peter Medawar”
— Jitendra Malik



The (abridged) Heilmeier Catechism

• 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?


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

George H. Heilmeier, former DARPA director (1975-1977)



There are many ways to contribute

Tools

Empirical theory (aka science)

Mathematical theory

Communication

Proposing new problems

Solving old problems



Add a node
Spectral methods

Differential Eqs

Wavelets

3D

Neural nets

Adversarial learning



Neural ODE

Add an edge
Spectral methods

Differential Eqs

Wavelets

3D

Neural nets

Adversarial learning

GANs



Know something no one else knows

• It’s necessary but not sufficient to master the core knowledge 
of your field


• Acquire a unique skillset

• Take difficult or unusual classes


• Read old papers


• Take on a complementary hobby


• Talk to people in other fields

“My answer to "Now What" is "here is a research 
problem which is unusual, perhaps significant, novel, 
that I can pose and probably solve because of my 
background in physics". The situation would not be 
readily identified as a problem at all by those whose 
background seems much more relevant than my own.” 
— “Now What”, John Hopfield



Question obvious weirdness

•Often, 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

Colorizing photos

Generative models

Agents that can 
imagine and plan 

“When you are famous it is hard to work on small problems. This is what did Shannon in. 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?

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



Picking a topic

Don’t worry too much if a topic 

is unpopular


If it is important, and you do 

good work on it, you can make 

it popular
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Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Researcher
<latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit><latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit><latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit><latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit>

Your brain
<latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit><latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit><latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit><latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit>

Discoveries, Theories, Tools
<latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit><latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit><latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit><latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit>



Our goal is to produce knowledge that generalizes

Doing good work on that topic

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

! <latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Researcher
<latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit><latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit><latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit><latexit sha1_base64="qL9qozQ9mqOmE3ITAROiM//DI70="></latexit>

Your brain
<latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit><latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit><latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit><latexit sha1_base64="YriPREMEyFABHU2BmRzEoABHsKE="></latexit>

Discoveries, Theories, Tools
<latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit><latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit><latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit><latexit sha1_base64="rJq7eYeoJRGUSyZeMwPr164vnBc="></latexit>

“One kind of result which probably won’t generalize is: “algorithm A works better than algorithm B.” Different application 
areas have their own requirements… The kind of result I believe generalizes to new situations is 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/]



“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, if this is right, if this law we guess is right, to see what it would 
imply and then we compare the computation results to nature or we say compare to experiment or experience, 
compare it directly with observations to see if it works.

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

Fit the data



“Perfection is finally attained not when there is no 
longer anything to add, but when there is no longer 
anything to take away” 
— Antoine de Saint Exupéry

Omit needless bits



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

Underfitting
K = 1

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

Appropriate model
K = 2

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

Overfitting
K = 10



Number of terms in your loss function

Information creep

Performance



Number of terms in your loss function
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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 lines in GitHub readme

Information creep

Chance 
someone will 
know how to 

use your 
code

100%

0%



Number of experiments in your paper

Information creep

Chance 
someone will 
understand 

your 
discovery

100%

0%



Bits of information

Information creep

Utility (

<latexit sha1_base64="xR4BYyouI/MPuS/Eval/ekMa10U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz14rGC/YAmlM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx7czvPHFtRKIecJLyIKZDJSLBKFqp6zfEcEj8vF+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT6/d0rOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vF6G0U2QC5VmyBVbLIoySTAhs+fJQGjOUE4soUwLeythI6opQxtR2YbgLb+8StqXNc+tefdX1XqjiKMEp3AGF+DBNdThDprQAgYSnuEV3pxH58V5dz4WrWtOMXMCf+B8/gB5xI+W</latexit><latexit sha1_base64="xR4BYyouI/MPuS/Eval/ekMa10U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz14rGC/YAmlM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx7czvPHFtRKIecJLyIKZDJSLBKFqp6zfEcEj8vF+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT6/d0rOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vF6G0U2QC5VmyBVbLIoySTAhs+fJQGjOUE4soUwLeythI6opQxtR2YbgLb+8StqXNc+tefdX1XqjiKMEp3AGF+DBNdThDprQAgYSnuEV3pxH58V5dz4WrWtOMXMCf+B8/gB5xI+W</latexit><latexit sha1_base64="xR4BYyouI/MPuS/Eval/ekMa10U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz14rGC/YAmlM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx7czvPHFtRKIecJLyIKZDJSLBKFqp6zfEcEj8vF+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT6/d0rOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vF6G0U2QC5VmyBVbLIoySTAhs+fJQGjOUE4soUwLeythI6opQxtR2YbgLb+8StqXNc+tefdX1XqjiKMEp3AGF+DBNdThDprQAgYSnuEV3pxH58V5dz4WrWtOMXMCf+B8/gB5xI+W</latexit><latexit sha1_base64="xR4BYyouI/MPuS/Eval/ekMa10U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiz14rGC/YAmlM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx7czvPHFtRKIecJLyIKZDJSLBKFqp6zfEcEj8vF+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT6/d0rOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vF6G0U2QC5VmyBVbLIoySTAhs+fJQGjOUE4soUwLeythI6opQxtR2YbgLb+8StqXNc+tefdX1XqjiKMEp3AGF+DBNdThDprQAgYSnuEV3pxH58V5dz4WrWtOMXMCf+B8/gB5xI+W</latexit>

Needless bits



Do the most, with the least

Discoveries

Explanations

Results

Tools

…

Words

Equations

Concepts

Lines of code

GPUs

People, Time, Money

…

Products

Costs

= Metric for research



Pareto front of simplicity vs novelty
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What the reviewing system rewards

Simplicity
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What stands the test of time

Simplicity

N
o

ve
lty

Jibberish Trivial

Simple and elegant

Complicated 
SOTA system
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(1 / total information)



Scope your contribution
Generative model

of images

of 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 overfit or unimportant

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

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

