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e Old style machine learning: -

o Engineer features (by some unspecified Data Data
method) Pixels Pixels
. . hel
o Create a representation (descriptor) 2
o Train shallow classifier on representation 2 + + B
ug; Low-level
° Example. . features
o SIFT fFeatures (engineered) SIFT
o BoW representation (engineered + L +
unsupervised learning) QT .
o SVM classifier (convex optimization) z Representation Deep learning R
g- . BoW/VLAD/Fisher Convolut|onalkNeural 2
e Deep learning g Networ z
o Learn layers of features, representation, and ) *
classifier in one go based on the data alone o [
. (]
o Primary methodology: deep neural networks £ Classifier
(non-convex) g SVM
2
(] —
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When you move on to
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DL basic unit: The Perceptron e

The Perceptron is seen as an analogy to a biological neuron, because it fire an

impulse once the sum of all inputs is over a threshold.

Dendrite Rosenblatt’s Perceptron (1958)

Axon Terminal
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Activation
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[
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I3 o——— W3
Myelin sheath Weights
Nucleus

Minsky, Marvin, and Seymour A. Papert. Perceptrons: An introduction to computational geometry. 1969 10
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DL basic unit: The Perceptron

A single perceptron can only define linear decision boundaries.
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Neural Networks

Volume 2, Issue 5, 1989, Pages 359-366

. W

ELSEVIER

Original contribution

Multilayer feedforward networks are universal
approximators

Kurt Hornik, Maxwell Stinchcombe, Halbert White &1

Show more

https://doi.org/10.1016/0893-6080(89)90020-8 Get rights and content

Abstract

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.
- 13
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Neural Networks
Volume 2, Issue 5, 1989, Pages 359-366

ELSEVIER

Original contribution

Multilayer feedforward networks are universal
approximators

Kurt Hornik, Maxwell Stinchcombe, Halbert White 2!

Show more

https://doi.org/10.1016/0893-6080(89)90020-8 Get rights and content

Abstract

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.
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Needs a “finite number of hidden neurons™:
finite may be extremely large

How to find the parameters (weights, biases) of
these neurons?

14
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Multilayer Perceptron (MLP) a1

In practice, deep neural networks nets can usually represent more complex Functions with less total
neurons (and therefore, less parameters)

) hidden layer 1 hidden layer 2 hidden layer 3
input layver

output layer

15
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How to find the parameters ?

Training a neural network with the
back-propagation algorithm. 88

Geoff Hinton after writing the
paper on backprop i 1986
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Rumelhart, David E., Geoffrey E. Hinton, and Ronald J. Williams. "Learning representations by back-propagating errors." 16

Cognitive modeling 5, no. 3 (1988).
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How to learn a memory unit ? e

1744 Sepp Hochreiter and Jiirgen Schmidhuber
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Hochreiter, Sepp, and Jirgen Schmidhuber. "Long short-term memory." Neural computation 9, no. 8 (1997). 17
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How to reuse neurons ?

Convolutional layer (Conv)

)

Fully Connected layer (FC
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Convolutional Neural Network (CNN) == 5

C3:f. maps 16@10x10
INPUT C1: feature maps S4:{. maps 16@5x5
daaz2 S2: f. maps
6@14x14

| | Full conAection | Gaussian connections
Convolutions Subsampling Cornvolutions  Subsampling Full connection

#LeNet-5 LeCun, Y., Bottou, L., Bengio, Y., & Haffner, P. (1998). Gradient-based learning applied to document

recognition. Proceedings of the IEEE, 86(11), 2278-2324. 19
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@ Official ACM

G ( segueix | ~
@TheOfficialACM 1 2

Yoshua Bengio, Geoffrey Hinton and Yann
LeCun, the fathers of #Deeplearning, receive
the 2018 #ACMTuringAward for conceptual
and engineering breakthroughs that have
made deep neural networks a critical
component of computing today.
bit.ly/2HVJtdV

& Tradueix el tuit

Yoshua Bengio Geoffrey Hinton Yann LeCun

11:01 - 27 de marg de 2019
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Many other researchers have also
contrinbuted to the Ffield as, for
example, those pointed out by LSTM
author Jirgen Schmidhuber in “"Deep
Learning Conspirancy”.

20
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Big data for Vision: ImageNet et
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Deng, Jia, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, and Li Fei-Fei. "Imagenet: A large-scale hierarchical image 29
database." CVPR 2009.
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Data Challenge: Social Biases B

Baseline-FT

Equalizer w/o ACL Equalizer

A man walking a dog on a A man and a dog are inthe A man riding a snowboard A person walking a dog or
leash. snow. down a snow covered slope. a leash.

#Equalizer Burns, Kaylee, Lisa Anne Hendricks, Trevor Darrell, and Anna Rohrbach. "Women also Snowboard: Overcoming
Bias in Captioning Models." ECCV 2018. 23
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Data Challenge: Data access

Personal data

hlngs loT
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Internet of

Neil Lawrence, OpenAl won't benefit humanity without open data sharing (The Guardian, 2015) 24
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Deng, Jia, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, and Li Fei-Fei. "Imagenet: A large-scale hierarchical image database."
CVPR 2009. 27
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Computation challenge o emem 12

Deng, Jia, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, and Li Fei-Fei. "Imagenet: A large-scale hierarchical image database."
CVPR 2009. 28
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Krizhevsky, Alex, Ilya Sutskever, and Geoffrey E. Hinton. "Imagenet classification with deep convolutional neural

networks." NIPS 2012
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Russakovsky, Olga, Jia Deng, Hao Su, Jonathan Krause, Sanjeev Satheesh, Sean Ma, Zhiheng Huang et al. "Imagenet large
scale visual recognition challenge." International Journal of Computer Vision 115, no. 3 (2015): 211-252. [web]
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Based on SIFT + Fisher Vectors

IMAGENET I

l

-9.8%

Slide credit:
Rob Fergus (NYU)

~/

Top-5 error rate %
[
w

[
o
I

SuperVision ISI Oxford INRIA Amsterdam

Russakovsky, Olga, Jia Deng, Hao Su, Jonathan Krause, Sanjeev Satheesh, Sean Ma, Zhiheng Huang et al. "Imagenet large
scale visual recognition challenge." International Journal of Computer Vision 115, no. 3 (2015): 211-252. [web]
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ImageNet Image Recognition

Imagenet Image Recognition

== Human performance
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Electronic Frontier Foundation: “Measuring the Progress of Al Research” (2017) 34
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A Krizhevsky, | Sutskever, GE Hinton “Imagenet classification with deep convolutional neural networks” NIPS 2012 40
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One-hot Representation

[0,0,1]
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adversarial networks." ICLR 2016. #DCGAN
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Kyunghyun Cho, “Introduction to Neural Machine Translation with GPUs" (2015) 50
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Generation from Food Images." CVPR 2019. 56
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#StackGAN Zhang, Han, Tao Xu, Hongsheng Li, Shaoting Zhang, Xiaolei Huang, Xiaogang Wang, and Dimitris Metaxas.
"Stackgan: Text to photo-realistic image synthesis with stacked generative adversarial networks." ICCV 2017. [code] 59
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Freeman. "Visually indicated sounds." CVPR 2016.
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Ephrat, Ariel, Tavi Halperin, and Shmuel Peleg. "Improved speech reconstruction from silent video." In ICCV Workshop on

Computer Vision for Audio-Visual Media. 2017.
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Speech to Pixels

Amanda Duarte, Francisco Roldan, Miquel Tubau, Janna Escur, Santiago Pascual, Amaia Salvador, Eva Mohedano et al.
“Wav2Pix: Speech-conditioned Face Generation using Generative Adversarial Networks”. ICASSP 2019. 65
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Multimodal Retrieval

Amanda Duarte, Didac Suris, Amaia Salvador, Jordi Torres, and Xavier Giré-i-Nieto. "Cross-modal Embeddings for Video
UP and Audio Retrieval." ECCV Women in Computer Vision Workshop 2018. 67
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Amanda Duarte, Didac Suris, Amaia Salvador, Jordi Torres, and Xavier Giré-i-Nieto. "Cross-modal Embeddings for Video
and Audio Retrieval." ECCV Women in Computer Vision Workshop 2018. 68
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Jointly Discovering Visual Objects and
Spoken Words from Raw Sensory Input

David Harwath, Adria Recasens, Didac Suris, Galen Chuang, Antonio Torralba, and James Glass

MIT Computer Science and Artificial Intelligence Lab
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Harwath, David, Adria Recasens, Didac Suris, Galen Chuang, Antonio Torralba, and James Glass. "Jointly Discovering Visual Objects
and Spoken Words from Raw Sensory Input." ECCV 2018



http://bit.ly/reworkRETAIL
https://arxiv.org/abs/1804.01452
https://arxiv.org/abs/1804.01452
http://www.youtube.com/watch?v=fNm4fh2ub9c&t=486

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo

irure dolor in reprehenderitin
e velt esse cillum dolore eu fugiat

sequat. Duis reprchen-

deritinvoluptate velit esse cillam dolore eu
fugiat nulla pariatur. Excepteur snt occae-
cat cupidatat non proident, sunt in culpa
quiofficia deserunt mollitanimid estlabo-
rum. Lorem ipsum it amet, consectetur
adipiscing elit, .

dent
cia deserunt molit anim id est laborum,
Lorem ipsum sit amet, consectetur adipi-
scing et sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-

cididunt utlabore et dolore magna aliqua.

commodo consequat. Duis aute irure dolor
in reprehends

i
ea eommadn concsauar. T aute inime

P
I Lorem

Encoder

Encoder

Representation }

[

c
®)
=
(g9)
)
c
)
n
)
—
Q
)
ad

Decoder

bit.ly/mmm-docxavi

Lorem ipsum dolor b

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt i

@DocXavi

lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullamco

voluptate velt esse cillum dolore eu fugiat  in ¢
I

Duis aute irure dolor i reprehenderitin  sint

sequat. Duis in reprehen-
deritinvoluptate velit esse cillum dolore eu

cat cupidatat non proident, sunt in culpa
quiofficia deserunt mollicanimid estlabo-
rum. Lorem ipsum sit amet, consectetur

I e sect

cia deserunt mollt anim id est lsborum.  tem
Lorem ipsum sit amet, consectetur adipi-  na:
scing et sed do eiusmod tempor incidi-  nos
dunt ut labore et dolore magna aliqua. Ut aliq
enim ad minim veniam, quis nostrud exer-  autc

adipiscing elit, porin-
cididunt utlabore et dolore magna aliqua.

‘commodo consequat. Duis aute irure olor  null
-

in reprehenderit

ea commadn canseauar. D aure irure

71


http://bit.ly/reworkRETAIL

Visual Question Answering

What is the mustache
made of?

Al System

bit.ly/mmm-docxavi ==
@DocXavi

bananas

Antol, Stanislaw, Aishwarya Agrawal, Jiasen Lu, Margaret Mitchell, Dhruv Batra, C. Lawrence Zitnick, and Devi Parikh. "VOA:

Visual guestion answering." CVPR 2015.


http://bit.ly/reworkRETAIL
http://www.cv-foundation.org/openaccess/content_iccv_2015/html/Antol_VQA_Visual_Question_ICCV_2015_paper.html
http://www.cv-foundation.org/openaccess/content_iccv_2015/html/Antol_VQA_Visual_Question_ICCV_2015_paper.html

bit.ly/mmm-docxavi <
@DocXavi

/

Encoder

Representation]

\

_—

Decoder

\

[

Encoder

c
®)
=
(g
J
c
)
n
)
—
Q
)
ad

73


http://bit.ly/reworkRETAIL

BREAKING NEWS
PRESIDENT EXPECTED TO SPEAK AGAIN ON CHARLOTTESVILLE

RIGHT NOW CHICAGO 7 DETROIT HOUSTON
NEW DAY

Afouras, Triantafyllos, Joon Son Chung, and Andrew Zisserman. "The Conversation: Deep Audio-Visual Speech
Enhancement." Interspeech 2018..
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joint end-to-end learning of pose and emotion." SIGGRAPH 2017
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Mnih, Volodymyr, Koray Kavukcuoglu, David Silver, Alex Graves, loannis Antonoglou, Daan Wierstra, and Martin Riedmiller.
"Playing atari with deep reinforcement learning." NIPS Deep Learning Workshop (2013).
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#AlphaGo Silver, David, Aja Huang, Chris J. Maddison, Arthur Guez, Laurent Sifre, George Van Den Driessche, Julian
Schrittwieser et al. "Mastering the game of Go with deep neural networks and tree search." Nature 2016.
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Sermanet, Pierre, Corey Lynch, Yevgen Chebotar, Jasmine Hsu, Eric Jang, Stefan Schaal, Sergey Levine, and Google Brain.
"Time-contrastive networks: Self-supervised learning from video." ICRA 2018.
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Carl Ekin, Sims Whitherspoon, “Machine learning can boost the value of wind energy”. DeepMind (2019)
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Esteva, Andre, Brett Kuprel, Roberto A. Novoa, Justin Ko, Susan M. Swetter, Helen M. Blau, and Sebastian Thrun. 83

"Dermatologist-level classification of skin cancer with deep neural networks." Nature 542, no. 7639 (2017): 115.
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Gradient Descent

An animation of the gradient, descent method
predicting a structure for CASP13 target T1008

Structure

#AlphaFold Evans, R., J. Jumper, J. Kirkpatrick, L. Sifre, T. F. G. Green, C. Qin, A. Zidek et al. "De novo structure prediction 84
with deeplearning based scoring." Annu Rev Biochem 77 (2018): 363-382. [blog]
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ALGORITHMS
Deep Learning

The Al Hype

BIG COMPUTATION
GPUs

DATA
Vision: ImageNet

Jitendra Malik, "What lead computer vision to deep learning ?” ACM Communications 2017. 86
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Annual Conference on Neural Information Processing
Systems (NIPS) @ Barcelona (2016)
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Annual Conference on Neural Information Processing Systems
(NIPS) @ Long Beach (December 2017) - (Fig: Alex Lebrun)
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Annual Conference on Neural Information Processing Systems
(NIPS) @ Montreal (December 2018)

JALL NIPS
A @NipsConference m v
#NIPS2018 The main conference sold out in

11 minutes 38 seconds
& Tradueix el tuit

18:17 - 4 de set. de 2018

696 retuits 1.062 agradaments a g9 ;\‘? @ @ 2 ‘ @ -
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CVPR is the top conference in
computer science

Top Computer Science Conferences

Ranking is based on Conference Hs-index>=12 provided by Google Scholar Metrics

Show Due only Al Categories £ All Countries ¢ || Search by keyword

Hindex Publisher Conference Details

(IN ALL COMPUTER SCIENCE !!

CVPR : IEEE Conference on Computer Vision and Pattern Recognition, CVPR

U 158 @ IEEE Jun 18, 2018 - Jun 18, 2018 - Salt Lake City , United States

http://cvpr2018.thecvf.com/submission/timeline

A a i n NIPS : Neural Information Processing Systems (NIPS)
g 101 @; Pre wm Dec 3, 2018 - Dec 6, 2018 - Palais des Congrés de Montréal ,
= Canada
https://nips.cc/

IN ALL COMPUTER SCIENCE !! 9% & gyl
oo 3 Z) Springer sep g, 2018 - Sep 14, 2018 - Munich , Germany Deadline : Wed 14 Mar 2018

https://eccv2018.org/

ICML : International Conference on Machine Learning (ICML)
d 4 91 - Jul 10, 2018 - Jul 15, 2018 - Stockholm , Sweden
https://2017.icml.cc/
...and Top #2 & #4 are on

ICCV : IEEE International Conference on Computer Vision

machine learning 5 89 IEEE 1110 2015 s 200 1ontol o

http://waset.org/conference/2018/01/istanbul/ICCV

Deadline : Tue 26 Jun 2018

Source: David Forsyth
~.as Top #3 &#5 are on @ Good Citizen CVPR 2018 [video] [slides]

computer vision. 92
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Nature: Junior Al researchers are in demand by universities and industry (April
2019)

95
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Xavier Sala-i-Martin (Columbia University), Carles Boix (Princeton University),
“Les conclusions del Forum de Davos” “La quarta revolucié industrial”
(TV3,03/02/2016) - in Catalan (Diari Ara, 08/02/2016) - in Catalan

96
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Barack Obama, Neural Nets, Self-driving cars, and the Future of the World (Wired,
June 2016)
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Comissi6 Europea B @
@EUINBCN

El projecte per crear la primera gran
plataforma pan-europea d'intel-ligencia
artificial ha donat el tret de sortida aquesta
setmana a Barcelona, També es posara en
marxa un observatori etic sobre

i el hi participen.

= Ao
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A TIMELINE FOR EUROPE’S Al STRATEGY

- Commission adopts the Communication - Commission publishes a report on the - Commission strengthens its Al research
on Artificial Intelligence implications for and potential gaps in the centers, supports digital skills, and
- Starts a pilot project on explainable Al liability and safety frameworks for Al creates a center for data sharing

! !

- Commission creates and operates the - Commission increases its investment in Al from
European Al Alliance €500 million in 2017 to €1.5 billion in 2020
- Develops a plan on Al with member states - Develops an “Al-on-demand platform” to

- Drafts Al ethics guidelines for member states encourage uptake of Al by private sector
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‘ atalan N eWS POLITICS SOCIETY & SCIENCE BUSINESS L EEF&SIRYIEE CULTURE SPORTS

SOCIETY & SCIENCE

Government aims to make Catalonia an Al hub
in Europe

Strategic plan to boost artificial intelligence will involve public and private sectors, research
institutions and universities

12 January 20191294 PM by ACN | Barcelona SHARE Q @ o O

The government is preparing a strategic plan for the area of artificial intelligence (Al) to attract
investment and EU funding, and to help Catalonia "face the challenges" Al will bring with it in the

Catalan minister for digital policy, Jordi Puigneré (by Aina Marti)

future, according to digital policy minister, Jordi Puigner®.

"We want Catalonia to become a hub for artificial intelligence in Europe," the minister told the
Catalan News Agency (ACN).
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La intel-ligéncia artificial
a Catalunya

. Juny 2019

Informe tecnologic

LLegiu l'informe des d'aqui 101
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PROTESTING AGAINST NEW TECHNOLOGY — THE EARLY DAYS
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Partnership on Al

===2= @ Microsoft
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Deep Learning courses @ UPC TelecomBCRE

DEEP LEARNING DEEP LEARNING
FOR VlSION FOR SPEECH AND LANGUAGE

DEEP LEARNING

FOR ARTIFICIAL INTELLIGENCE
videos will be onllne

Instructors » o

2NEIAEITFEIS) KSR NORS ﬂ

Supported by Costarjussa i Gir
@ H GitHub Education
e ‘“*.& aws©reducate 1) Google Cloud Platform

Supporters aws“>educate
(( e GitHub Education

Supported by

) Google Cloud Platform

e  MSccourse [2017] [2018] [2019] e  Istedition (2016) e 1stedition (2017)

e  BSccourse [2018] [2019] *  2nd edition (2017) e 2ndedition (2018)
e  3rdedition (2018) e  3rdedition - NLP (2019)
e  4th edition (2019)

Next edition: Autumn 2019 Included in ETSETB Master MATT Deep Learning Track + MET
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Deep Learning for Professionals @ UPC Scho®

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
School of Professional & Exectitive Development

POSTGRADUATE COURSE

ARTIFICIAL INTELLIGENCE
WITH DEEP LEARNING

WWW.TALENT.UPC.EDU

Next edition starts November 2019. Sign up here.
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Deep Learning
Barcelona
Symposium

http://DeeplLearning.Barcelona
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Our team from UPC & BSC Barcelofd™ == >

UNIVERSITAT POLITECNICA Barcelona i
DE CATALUNYA Supercomputing
p Center
' BARGELONATECH Centro Nacional de Supercomputacion

Eduard Deélia Andreu Amanda Carles
Ramon Fernandez Girbau Duarte Ventura

Xavi Amaia Victor
Gird Salvador Campos

Mariona Oscar Paula Benet Ferran Jordi
Carés Manas Gémez Oriol Marqués Torrd99

Santi Janna
Pascual Escur
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