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B General topics: generalization and shortcut learning
B Fully connected and convolutional neural networks
B | earning dynamics of linear models

B Transformers
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General Topics

Generalization, Regularization and Inductive Bias

Shortcut Learning




Which ‘ingredients’ do we need Lo
to train a neural network? 0’
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Which ‘ingredients’ do we need Lo
to train a neural network? 0’

A dataset

A network architecture
A loss function

An initialization

An optimizer

Optionional: a regularizer, learning rate scheme, ...




When does a neural network (==
perform "well"? 0’
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When does a neural network
perform "well"?

“When the trained network yields low error on new, unseen samples”
->» Low test |oss

This is closely related to the concept of ‘generalization’
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Generalization

Ability of a learning system to use general patterns of the dataset instead of .
too specific details.

Example 1:

Train: a white and yellow animal with black stripes, with eyes, fins and gills visible.
Test: a blue animal with red dots, with eyes and gills visible.

A learning system that uses the common, general properties ‘fins” and “gills’ will
correctly classify the test sample as a fish. A learning system that uses specific color

patterns might confuse the test sample for a bird.

I notice how this changes when the task changes: e.q., classifying different kinds of
animals (e.q., birds vs. fish) or classifying different kinds of tropical fish species.




Generalization

)
\J

The broader idea: generalization is about learning general patterns
vs. learning (unnecessary) details by heart (memorization).

To learn details by heart, a model needs capacity: the model needs to be
complex/large enough to be able to store the information. If the capacity is too high,
the model might be able to learn too much by heart.

However, the model also needs a certain capacity to be able to store the general
patterns: if the capacity/complexity is too low, it will not learn enough.
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The classical view on generalization:

bias-variance trade-off

Under-fitting

Optimal-fitting Over-fitting

Regression

Classification

Deep learning

https://www.geeksforgeeks.org/ml-bias-variance-trade-off/
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The classical view on generalization:
bias-variance trade-off

A

under-fitting . over-fitting

Test risk

Vapnik, V. N. (1999).
An overview of statistical learning theory.

IEEE transactions on neural networks,
10(5), 988-999.

Risk

\ '
- -Tra1n1ng risk
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12
Belkin, M., Hsu, D., Ma, S., & Mandal, S. (2019). Reconciling modern machine-learning practice

and the classical bias—variance trade-off. Proceedings of the National Academy of Sciences,
116(32), 15849-15854.



The classical view on generalization:

bias-variance trade-off

In the classical view, we can, for a given dataset and task:

use a model that, in terms of capacity/complexity, hits the sweet
spot between overfitting and underfitting (capacity/complexity not
too low and not too high). We can find this model through an
architecture search, but this is computationally expensive.

use a model that is too complex and add regularizers (early
stopping, weight decay, drop-out, etc) to curb the effective
capacity/complexity. This explicit regularization also allows us to
balance underfitting and overfitting, and avoids (a very extensive)
architecture search.
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The modern view on generalization:. €@
double descent ®

Now that we have modern machine learning, and a lot more computational
resources than in 1999, what happens if we make the networks ‘really big™?

— Belkin, M., Hsu, D., Maq, S., & Mandal, S. (2019). Reconciling modern
=(_{_machine-learning practice and the classical bias-variance trade-off.

— Proceedings of the National Academy of Sciences, 116(32), 15849-15854.

%‘@ Experiment: a fully connected neural network with a single hidden layer

trained on a subset of MNIST. Model complexity/capacity is increased by
increasing the number of nodes (H) in the hidden layer.
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The modern view on generalization:. €@
double descent O
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The modern view on generalization:. €@
double descent ®

In the underparameterized regime (n_parameters < n_samples, left of dashed curve):

Train error decreases as model complexity increases
Test error first decreases and then increases again

At the interpolation threshold ( n_parameters = n_samples)

Train error is very small (going to zero)
Test error peaks

In the overparameterized regime (n_parameters > n_samples, right of dashed curve):

Train error stays very low
Test error decreases, possibly to even lower point
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The modern view on generalization:
double descent % e
\y

Underparameterization Interpolation threshold Overparameterization

how does a learning algorithm arrive at a final

solution (out of all possibilities) in this case?
17




The modern view on generalization:. €@
double descent ®

— Nakkiran, P, Kaplun, G., Bansal, Y., Yang, T., Barak, B., & Sutskever, I. (2021).
= Deep double descent: Where bigger models and more data hurt. Journal of
— Statistical Mechanics: Theory and Experiment, 2021(12), 124003.
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(Generalization and Regularization ° : ®
Why do large models generalize so well, even without explicit regularization?

Main idea: when a model is overparameterized, there exist a lot of different
solutions (i.e., values for the network parameters, e..g., the weights) that
implement the same, optimal input-output mapping on the train set* There

must be an implicit mechanism that guides the model towards a solution that
also works well for the test set.

= “implicit reqularization”

*given the model is expressive enough for the given task: e.g., a very large but
linear model will not reach zero training error on task that requires
non-linearities.

19



Generalization and Regularization

Let’'s go back to our ingredients needed to train a neural network...

What could influence the form/type of the final input-output mapping?

20



Generalization and Regularization

3t

— Chiyuan Zhang, Samy Bengio, Moritz Hardt, Benjamin Recht, & Oriol Vinyals
= (2017). Understanding deep learning requires rethinking generalization. In
— International Conference on Learning Representations.

%‘@ Experiment: train the same large network (Inception) on the same dataset (CIFAR-10)
with same loss, initialization etc, and only change the labels of the dataset: e.g., true
——\ labels versus random labels.
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Generalization and Regularization
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I the same large network, with the same

settings, can both

fit the true labels with good generalization,

fit random labels (=pure memorization),
which naturally leads to very poor
generalization (as there is no way to
correctly predict the random labels of the
test set.)
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L. L 0
Generalization and Regularization ® : °
Conclusion: it’'s not a matter of architecture alone.

Generalization and implicit regularization depend on the interaction
between architecture, dataset and learning algorithm.

We (i.e, the Al community) don’t fully understand this yet.

We will study this in more detail in the next lectures.
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Inductive bias

We now take a step back, away from overparameterized neural networks,
and consider machine learning algorithms in general.

Let’s ask ChatGPT (GPT-4) to explain the concept of “inductive bias”, and
discuss the results:

In machine learning, the term "inductive bias" refers to the set of
@ assumptions that a learner (or algorithm) uses to make predictions for
unseen data based on the training data it has seen. Every machine
?Qa learning algorithm has some form of inductive bias, which is
necessary for it to generalize from the limited training data to new,
unseen data. Without some form of bias, the model would be unable
to make predictions for new situations, since there are infinitely many
possible hypotheses that fit any finite training set.

o O
o
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Inductive bias

Wikipedia: inductive bias is anything which makes the algorithm learn
one pattern instead of another pattern.

In case of neural networks, the inductive bias is determined by every
ingredient: the network architecture, the loss function, the initialization,
the optimizer, a regularizer, learning rate scheme, ...

In deep learning the datasets are often very high-dimensional! (so the
2D images are just to illustrate the idea)
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Inductive bias

©

?m
22

Examples of Inductive Bias:

k-Nearest Neighbors (k-NN): Assumes that instances that are
close in the feature space have similar outputs.

Linear Regression: Assumes that the relationship between
inputs and output can be captured by a linear function.

Decision Trees: Prefer simpler (shorter) trees that split on the
most informative features first.

Neural Networks: The architecture, including the number of
layers and neurons, introduces biases regarding the functions
the network can represent.

RO P



Inductive bias

Necessity for Generalization: Given a finite training dataset, there are
many functions that could fit the data perfectly. However, to make
reasonable predictions on unseen data, the model needs to make
some assumptions about the nature of the underlying function. These
assumptions represent the inductive bias.

%
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Inductive bias: universal approximation @

— Hornik, K., Stinchcombe, M., & White, H. (1989). Multilayer
_(1 feedforward networks are universal approximators. Neural
— networks, 2(5), 359-366.

“This paper rigorously establishes that standard multilayer feedforward
networks with as few as one hidden layer using arbitrary squashing functions
are capable of approximating any Borel measurable function

from one finite dimensional space to another to any desired degree of
accuracy, provided sufficiently many hidden units are available. In this sense,
multilayer feedforward networks are a class of universal approximators.”




Inductive bias: universal approximation

If a non-linear feed-forward (a.k.a fully connected’) neural network with a
single hidden layer of sufficient width can approximate any function... why
do we need anything else?

Two very important remarks:

e The theorem states there exists a network to approximate the
function. However, we don’t know beforehand what the exact
architecture and the values of the weights should be. Even if we
knew the needed amount of nodes, we usually start from random
initializations, and use an optimization algorithm to find the values of
the weights. This might be computationally infeasible, i.e., existing in
theory, impossible to find in practice.

%

ol



Inductive bias: universal approximation

If a non-linear feed-forward (a.k.a fully connected’) neural network with a
single hidden layer of sufficient width can approximate any function... why
do we need anything else?

Two very important remarks:

e FEvenif we're able to approximate the input-output mapping to an
arbitrary degree, this does not guarantee that we will do well on
unseen samples.

%
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Inductive bias: universal approximation

If a non-linear feed-forward (a.k.a fully connected’) neural network with a
single hidden layer of sufficient width can approximate any function... why
do we need anything else?

For both reasons, we need to pick a better suited inductive bias:

e |le,we can try use all kinds of changes/choices in our learning
algorithms that will reduce the computational cost and will yield a
good approximation in finite time: e.g.. CNNs greatly reduce the
number of parameters needed (discussed more next lecture), better
optimizers reduce the computational time, etc.

e Some choices also drive the learning model towards solutions that
generalize better (explicitly or implicitly)

%
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Inductive bias

22

Balance: It's crucial to strike the right balance when it comes
to inductive bias. Too strong of a bias, and the model may
underfit the data (being too simplistic). Too weak of a bias,
and the model might overfit the data (capturing noise and
failing to generalize well).

RO P



Inductive bias

Balance: It's crucial to strike the right balance when it comes
to inductive bias. Too strong of a bias, and the model may

underfit the data (being too simplistic). Too weak of a bias,
?g}a and the model might overfit the data (capturing noise and
== / failing to generalize well).

I The above statement probably only refers to the classical
‘bias-variance trade-off’, and not the implications of the phenomenon
of double descent. However, if we consider that overparameterized
NNs must have an implicit bias (“implicit regularization™), the statement
remains correct.

RO P



Inductive bias

There’s another “problem” associated to inductive bias: we want the
right amount of bias, but this introduces unintended and often
unwanted consequences. This is the topic of part Il of this lecture.

D I
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General Topics

Generalization, Regularization and Inductive Bias

Shortcut Learning
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We're going to read:

Brendel, W., Bethge, M., & Wichmann, F. A. (2020). Shortcut
learning in deep neural networks.
. ’ Nature Machine Intelligence, 2(11), 665-673.

_:? Geirhos, R., Jacobsen, J. H., Michaelis, C., Zemel, R,

‘ . From section 4.1, to the end of page 15

Questions to ask yourself & to discuss in
group:

- What is shortcut learning?
- What are some examples of shortcut learning?

. . - How or why does shortcut learning arise?
- How does shortcut learning relate to generalization
. and to inductive bias?

36



An Al expert wants to create a system to detect cancer
on medical images. To obtain a dataset, she contacts 4
different radiologists at 4 different hospitals. They agree
to send her labeled images, e.q., with label ‘cancer’ or ‘no
cancer’. Each image also has some meta-data printed on
them, such as the date and the ID of the medical imaging
device.

In the context of shortcut learning, what could go wrong?
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The modern view on generalization:. €@
double descent O

38
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The modern view on generalization:. €@
double descent O
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o o0
Generalization

The broader idea: generalization is about learning general patterns
vs. learning by heart (memorization).

The technical concept: the difference between train and test loss.

Usually the ‘broader idea” and the technical definition correspond quite well: if, at the
end of training, the

However, we can think of situations

41






CONFORMITY

You can enter a subtitle here m
if you need it
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CONTENTS OF THIS TEMPLATE o0@

Here’s what you'll find in this Slidesgo template:

1.  Aslide structure based on a multi-purpose presentation for education, which you can easily adapt
to your needs. For more info on how to edit the template, please visit Slidesgo School or read our
FAQs.

2. Anassortment of graphic resources that are suitable for use in the presentation can be found in the
alternative resources slides.

3. A thanks slide, which you must keep so that proper credits for our design are given.
4. Aresources slide, where you'll find links to all the elements used in the template.
5. Instructions for use and final slides with:

1.  The fonts and colors used in the template.

2. Aselection of illustrations. You can also customize and animate them as you wish with the
online editor. Visit Storyset to find more.

3. More infographic resources, whose size and color can be edited.

4.  Sets of customizable icons of the following themes: general, business, avatar, creative
process, education, help & support, medical, nature, performing arts, SEO & marketing, and
teamwork.

You can delete this slide when you're done editing the presentation.
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http://bit.ly/2Tynxth
http://bit.ly/30B07Gq
http://bit.ly/33VAFh3
https://storyset.com/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_contents_of_this_template&utm_term=storyset&utm_content=storyset

INTRODUCTION

W You can give a brief description of the
topic you want to talk about here. For
example, if you want to talk about
Mercury, you can say that it’s the smallest
planet in the entire Solar System

45



Conformity

You can describe the
topic of the section here

Individuality

You can describe the
topic of the section here

TABLE OF CONTENTS o0

Difference

You can describe the
topic of the section here

Society

You can describe the
topic of the section here
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WHAT IS CONFORMITY?

Compliance

It’s the closest planet to
the Sun and the
smallest one

|dentification

Venus has a nice name
and is the second
planet from the Sun

Internalization

Mars is actually a cold
place. It’s full of iron
oxide dust

47




x A PICTURE ALWAYS
\ REINFORCES THE

[ e B

- <1 CONCEPT
z _r;_v / ‘ v ,. ‘5_ ‘ A “‘_;_;.r j
1t i Bz g 4 . _5{: <
° % 1 9
- - ; * $ Images reveal large amounts of data, so

.ﬁﬁ" remember: use an image instead of @
o long text. Your audience will appreciate it

o33
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FEATURES OF CONFORMITY

Include

Despite being red, Mars is

actually a cold place. It's
full of iron oxide dust,
which gives the planet its

reddish cast

oo

3t

Venus has a beautiful
name and is the second
planet from the Sun. It has
an extremely poisonous
atmosphere

Consent

49



0
TYPES OF CONFORMITY

Jupiter Neptune ®
Jupiter is the biggest planet in It's the fourth-largest planet by
the Solar System diameter in the Solar System
Venus Mercury
It has a nice name and is the It's the closest planet to the Sun
second planet from the Sun and the smallest one
Mars Saturn
Despite being red, Mars is Saturn is composed mostly of
actually a cold place hydrogen and helium

50




AM | A CONFORMIST PERSON?Y -0

Do you consider o _ Would you like to Yes

yourself a leader? look like the rest? |
| |
Yes No Do you care what
others think?

| |

No Yes
|

Individuality Conformist

51



o 0O EXERCISE 1 o 0O

Select the correct answer ‘

Latin word for conformity Synonyms of conformity

B Conformare (select multiple answers)

O Individualitas O Selfhood

0 Societatis B Consent

B Allegi
Synonyms of individuality cgiance
_ [0 Identity
[0 Obedience
B (dentity B Obedience

52



HX

INDIVIDUALITY

m You can enter a subtitle here
if you need it
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A PICTURE IS
WORTH A
THOUSAND
WORDS
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PEOPLE IN THE WORLD Lo N

1980—] N Individuality
]
It's the closest planet to
] the S d th
1990 e Sun an e
I smallest one
2000 :—
] [1 Conformity
e 00
It was named after the
| Roman god of wealth
2020 .
| and agriculture

Follow the link in the graph to modify its data and then paste the new one here. For more info, click here
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https://slidesgo.com/slidesgo-school/presentation-tips/how-to-modify-a-graph-in-our-templates?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=how-to-modify-a-graph-in-our-templates&utm_term=slidesgo-school&utm_content=how-to-modify-a-graph-in-our-templates
https://docs.google.com/spreadsheets/d/1MUuAzB790USi_VCEvBD6ihC-nnLBIJOK2wDWWHffJms/copy#gid=1654711040

STEPS TO HAVE INDIVIDUALITY o o

Venus has @ Saturnis a gas
beautiful name giant and has rings
Venus Saturn

N \/ N

Mars Jupiter

Mars is actually a Jupiter is the
cold place biggest planet
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STEPS TO HAVE INDIVIDUALITY o N

Pluto is now a Mercury is the
dwarf planet smallest planet
Pluto Mercury

® @

Neptune Ceres

Neptune is the It is located in the
farthest planet main asteroid belt

58



N o o

Answer the following questions

B Features of Conformity

You can write the answer here

EXERCISE 2 o 0O

B |ndividuality vs. Individualism

You can write the answer here

B Synonyms of a individuali

You can write the answer here

ty B Types of Conformity

You can write the answer here
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DIFFERENCE

You can enter a subtitle here m
if you need it

%

:
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INDIVIDUALITY PERCENTAGES

Mercury

Mercury is the closest
planet to the Sun and
the smallest one in the
Solar System

HEENE[]

oooool 0%

Venus

Venus has a beautiful
name and is the
second planet from the
Sun. It’s terribly hot

mmmoo 5%

oo

Earth

Earth is the third planet
from the Sun and the
only one that harbors
life in the Solar System

o o

B[]

oooool 2?
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N o o

TYPES OF PEOPLE

Individuality

B Age: 20 - 40
B Studies: University
W Salary: <900 /month

Description

Mercury is the closest planet
to the Sun and the smallest
one in the Solar System

o 0O

Conformity

Age: <50
Studies: Secondary
Salary:  >1000 /month

Description

Venus has a beautiful name
and is the second planet
from the Sun. It’s terribly hot
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INDIVIDUALITY VS. CONFORMITY €@

Individuality

Conformity

Mercury is the Susan Bones, Selfhood,

closest planet Timmy Jimmuy, identity,
to the Sun John Doe personality
Earth is the Obedience,
third planet Jenna Doe consent,

from the Sun allegiance
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0 &

oo 150,000

B Big numbers catch your audience’s attention
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L o M _

2,000

Mercury is the smallest planet ®

15,000

Mars is a very cold place ®

3,000

B Venusis the second planet

9,000

0’

B Neptune is the farthest planet
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MAP OF THE WORLD o o
®

® Mercury

Mercury is the closest
planet to the Sun

® Venus

It has a beautiful name
and is the second planet

Earth

Earth is the third planet
from the Sun
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MULTIMEDIA

B You can replace the image
on the screen with your own
work. Right-click on it and
then choose "Replace
image" (in Google Slides) or
"Change Picture”
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LIKENESS OF BOTH

Mercury

Mercury is the closest
planet to the Sun and
the smallest one

Mars

Despite being red,
Mars is actually a very
cold place

Jupiter ®

Jupiter is a gas giant
and the biggest planet
in the Solar System

Saturn

Saturn is composed
mostly of hydrogen
and helium

68
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L o N _ EXERCISE 3

Read the essay below and answer the questions

Essay

Questions

Mercury is the closest planet to
the Sun and the smallest one in
the Solar System

Venus has a beautiful name and

is the second planet from the Sun.

It’s terribly hot

It's full of iron oxide dust, which
gives the planet its reddish cast

Is Earth where we all live on

Is Mars actually a cold place?

Does Venus have a beautiful name?
Order from smallest to largest
Write an essay
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SOCIETY

m You can enter a subtitle here
if you need it

70



REVIEW THE CONCEPTS

Do you know what helps you make your point clear?
Lists like this one:

m Theyre simple
m You can organize your ideas clearly
m You'll never forget to buy milk!

And the most important thing: the audience won’t miss
the point of your presentation

“1s
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ABOUT SOCIETY o 0O

Mercury Venus Jupiter
ﬁl Mercury is the @ It has a beautiful Jupiter is a gas
=10 closest planet to h— name and is the giant and the
the Sun second planet biggest planet
Saturn Mars O

@ Saturn is a gas Despite being
giant and has red, Mars is a ‘

O
several rings very cold place . .




OUR TEAM

Timmy Jimmy

You can speak a bit about
this person here

Susan Bones

You can speak a bit about
this person here




DESKTOP DEVICE

You can replace the image on
the screen with your own work.
Just delete this one, add yours

and center it properly

4 N
9th grade ‘
LANGUAGE ARTS
Subject For Highschool
| Individuality and Conformity | L ?
odge
o000 0
B Here is where your presentation begins . . “ .
G O J
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THANKS

Do you have any questions?

youremail@freepik.com
+91 620 421 838
yourcompany.com

® @) ()

B CREDITS: This presentation template was
created by Slidesgo, including icons by
Flaticon, and infographics & images by Freepik

B Please keep this slide for attribution

;;::.
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ALTERNATIVE RESOURCES

. Here’s an assortment of alternatives resources within the

same style of this template

O Photos

Census concept photographed town

Group people city composition

Save world protest

Close up woman leading team

Medium shot woman with stop message palm
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https://www.freepik.com/free-photo/census-concept-photographed-town_15035131.htm#page=2&query=freepik%20society&position=42/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/group-people-city-composition_15035070.htm#page=3&query=freepik%20society&position=43/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/save-world-protest_14370913.htm#page=2&query=freepik%20demonstration&position=34/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/close-up-woman-leading-team_12689895.htm#page=1&query=freepik%20leader&position=16/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/medium-shot-woman-with-stop-message-palm_14371014.htm#page=1&query=freepik%20demonstration&position=9/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik

RESOURCES

Did you like the resources on this template? Get them for
free at our other websites:

Photos

Portrait older woman outdoors city

Smiley people giving thumbs up group therapy session
High angle teacher taking notes

Senior professor with raised hand holding pen classroom
Group people city composition

lcons

m High school Icon Pack
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https://www.freepik.com/free-photo/portrait-older-woman-outdoors-city_15442509.htm#page=7&query=FREEPIK%20CITY&position=7/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/smiley-people-giving-thumbs-up-group-therapy-session_11108581.htm#page=1&query=smiley%20people%20giving%20thumbs&position=0/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/high-angle-teacher-taking-notes_9605688.htm#page=1&query=freepik%20TEACHERS&position=34/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/senior-professor-with-raised-hand-holding-pen-classroom_4954898.htm#page=3&query=freepik%20MAN%20TEACHERS&position=40/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/group-people-city-composition_15094735.htm#page=2&query=freepik%20society&position=16/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
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