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What’s going on?
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EXPONENTIAL EXPANSION OF THE DIGITAL UNIVERSE
50x Fold Growth from 2010 to 2020

@ Total amount of data 40,026 exabytes
® Data in the cloud (40 zettabytes)

§ 130 exabytes 52 exabytes 462 exabytes

(of 1,227 EB) (of 2,837 EB)
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Data sources:

GPS

Internet
Smartphones
Wearable devices

Sensors
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Daniel Yergin,
The Prize (‘91)

“Today, we are so dependent
on oil, and oll is so embedded
INn our daily doings, that we
hardly stop to comprehend its
pervasive significance. It is oll
that makes possible where we
live, how we live, how we
commute to work, how we
travel — even where we
conduct our courtships. It is
the lifeblood of suburban
communities.”
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Automation

From dumb to smart objects

Machines
Algorithms can now recognize
patterns almost

and even complete
some tasks better than them
Today 70% of all financial

transactions are performed by
algorithms
It is easier and cheaper to
generate data than ever before,
and the tools to turn these

are growing
exponentially in both quality and
quantity.




Andrew Ng (2016), Fortune magazine

“Al is the new electricity. Just as 100
years ago electricity transformed industry
after industry, Al will now do the same.”




Machine learning

Through the machine learning technique
computers are enabled to learn without having
been programmed to do so, thanks to a huge
amount of data that is provided to them as study
material

As humans learn from experience, these
algorithms learn from the data. A child learns to
recognize a cat after having seen five / six
specimens, a computer needs thousands and
thousands of examples, but it's amazing how
many things they can do when they are able to
profit from their learning

Once trained, the machines can make predictions.
This is the most important skill of the Al
revolution: algorithms provide on Amazon books
that we would like to read, on Facebook what we
want to see in our feed, but may provide, along
with a doctor, even a disease in the early stages a
patient is developing




An example:

Feed Forward Neural Net

N Input Layer Hidden Layer Output Layer
F(x) = Z v;i0(w; = + b;)
i=1
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Universal Approximation Theorem
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George Cybenko (1989), Kurt Hornik (1991)



2006: The Deep Breakthrough

* Hinton, Osindero & Teh
« A Fast Learning
J Algorithm for Deep
g Belief Nets », Neural
Computation, 2006

« Bengio, Lamblin,
Popovici, Larochelle
« Greedy Layer-Wise
Training of Dee
Networks », NIPS’2006
* Ranzato, Poultney,
Chopra, LeCun
« Efficient Learning of
Sparse Representations

with an Energy-Based
Model », NI




Deep Meural Network

Deep —’Ow
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Output Layer

Input Layer

Hidden Layer 1 Hidden Layer2 Hidden Layer 3

edges combinations of edges object models
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http://www.youtube.com/watch?v=AgkfIQ4IGaM

3 big families of ML algorithms:

Supervised Unsupervised Reinforcement

Goal: predict output y for any Goal: analysis of unlabeled data, Goal: after a set of state change,
input x, given a huge set of pairs e.g. clustering obtain a good reward

(xy)



AlphaGo
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https://docs.google.com/file/d/1msAXSkdKVV5ihWEQqbLuj_8iICA2emG9/preview

Captured Figure * breathing and heart rate
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Signal Kinetics


http://www.youtube.com/watch?v=7LTr02cJkiA
http://www.youtube.com/watch?v=3Atky2Jt_-4

Generative Adversarial Networks
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Encoder

Latent
Vector

Decoder
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Halevy, Norvig, Pereira (2009), The
Unreasonable Effectiveness of Data

“So, follow the data. Choose a representation that
can use unsupervised learning on unlabeled data,
which is so much more plentiful than labeled data.
Represent all the data with a nonparametric model
rather than trying to summarize it with a parametric
model, because with very large data sources, the
data holds a lot of detail.”

Do you want to bet?
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