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Al: the New Electricity

“Al Is the new electricity.
Just as electricity transformed industry
after industry 100 years ago,
| think Al will do the same.”

Andrew Ng, Stanford, Baidu, Coursera



Al



“| believe that at the end
of the century the use of
words and general
educated opinion will
have altered so much that
one will be able to speak
of machines thinking
without expecting to be
contradicted.”

— Alan Turing,
Computing Machinery
and Intelligence (1950)



Every aspect of learning or any other
feature of intelligence can in principle be so
precisely described that a machine can be
made to simulate it. An attempt will be
made to find how to make machines use
language, form abstractions and concepts,
solve kinds of problems now reserved for
humans, and improve themselves. We
think that a significant advance can be
made in one or more of these problems if a
carefully selected group of scientists work
on it together for a summer.

John McCarthy,
Dartmouth Workshop 1956



GOFAI (1960-90)

e Knowledge Representation o

e First Order Logic and Theorem o
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at(restaurant,Alice)
at(restaurant,Bob)
at(restaurant,Carol)
works_at(restaurant,Carol)
has_job(restaurant,waitress,Carol)
orders(Bob,pizza)
orders(Alice,sushi)

forall X,Y,Z. orders(X,Y) and
has_job(restaurant,waitress,Z) ->
serves(Z,X,Y)

serves(Carol,Bob,pizza)
serves(Carol,Alice,sushi)



Statistical Machine Learning 1990-

 Probabilistic models

e Statistical learning and
inference

OO~

e Data driven (no
hardcoded rules)




People Behind It : %
LeCun, Hinton, Bengio & Ng

Deep Learning 2005-
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Why Now?

Convergence of Technologles

e Data sensing,
acquisition revolution

e Rapidincrease in
computing power

 Novel algorithms
e Software frameworks

Output Layer
Hidden Layer 2

(I O 7 R




Yann LeCun, NIPS 2016

# “Pure” Reinforcement Learning (cherry)

» The machine predicts a scalar
reward given once in a while.

» A few bits for some samples

& Supervised Learning (icing)

» The machine predicts a category
or a few numbers for each input

» Predicting human-supplied data
» 10-10,000 bits per sample

# Unsupervised/Predictive Learning (cake)

» The machine predicts any part of
its input for any observed part.

» Predicts future frames in videos
» Millions of bits per sample

# (Yes, I know, this picture is slightly offensive to RL folks. But I'll make it up)






Data-driven Secure Business S
Intelligence u

David Sands, Peter Damaschke, Devdatt Dubhashi, Gerardo Schneider, Andrei Sabelfeld

- Recorded Future FINDWISE
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SEARCH DRIVEN SOLUTIONS
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CHALMERS

Google Translate

Input sentence: Translation (PBMT): Translation (GNMT):
FE TR ENA | Ui Kegiang premier Li Keqgiang will start the
SETPAE RS E4ME), B | added this line to start annual dialogue
INEAEEHE EET | the annual dialogue mechanism with Prime
FESRE R FEEY mechanism with the Minister Trudeau of
= Canadian Prime Minister | Canada and hold the first

Trudeau two prime annual dialogue between
ministers held its first the two premiers.
annual session,

reduce translation errors across its Google Translate service by between 55 percent and 85 percent



CHALMERS

Al Revolution in NLP

6 perfect translation

5

4 neural (GNMT)
phrase-based (PBMT)

Translation quality
Cad

English  English English Spanish  French  Chinese

= = > = > =

Spanish  French  Chinese  English  English  English

Translation model



Supervised Learning
A E B FE parallel corpus

ML 2 FrM%L  The corporation has been estim
EERMEEZHA  torun more than one milion pag
21t RAIRIE RS  indata centers around the world

tranSIation FERBR I S48 to process over one billion searc
RIEHEMERH  requests and about twenty-four i

Xif& T2 of usergenerated data each dat

mOdeI mEZERETHE December 2012 Alexa listed as

language monolingual corpus

started functioning in 1928 and established the tradition of
m Ode I large exhibitions and trade fairs held in Brno, and nowadays
also ranks among the sights of the city. Brno is also
known for hosting big motorbike and other races on the
v Masaryk Circuit, a tradition established in 1930 in which
the Road Racing World Championship Grand Prix is
one of the most prestigious races. Another notable cultural

E n g I iS h 0 utp ut N eed |Ots Of tra | n | ng data tradition is an international fireworks competition.

e EU Parliament documents in multiple languages
e Bibles in multiple languages
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cat
automobile
truck

frog

ship
airplane
horse

bird

dog

deer

{automobile

CHALMERS

Word Embeddings

W : words —» R"

The use of word representatior
become a key “secret sauce”
success of many NLP systems 1
yvears, across tasks including
entity recognition, part-o
tagging, parsing, and seman
labeling. (Luong et al. (2013))
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Word senses and Machine Translation

Google = 0 @
Oversatt Inaktivera snabbéverséttning (4]

engelska svenska danska Identifierasprak -~ TS svenska engelska arabiska -~

Ijag at fil och flingor till frukost | ate file and cereal for breakfast

# Foresla en dndring

=
i
i
F



Geology
Name the three types of rock.




CHALMERS

Unsupervised Learning of Word senses

Instance cloud for: 'power’
Learn the different senses

of a word from raw text

without any training data

energy unit system

battery x performance
high allows engine equipment

processing systems failure
management provide

him political
her government

god influence state

came us act labour given
council about authority



CHALMERS

Document summarization

e
I
L S—

Automatically extract a
Summary of documents
From raw text without
any supervision.




Document Summarization CHALMERS

UKFERSITY OF TECHNOLDGY

LA REsSEARCH GF

Summaries

(Approx. 40 words)

[Multiple Kernel

Learning]

The report said Andreas Lubitz repeatedly set
the plane for an unauthorised descent earlier
that day. He had locked the flight captain out
of the cockpit. Five minutes on the
Duesseldorf-Barcelona flight 07:21:10 - Plane
told to descend to 21,000ft

[TextRank]

The co-pilot of the Germanwings plane that

Original Text FINDWISE

ness Tech Science Magazine Entertainment & Arts Health SEARLH DRIVEN SOLUTION
Pictures World selected Africa Asia Australia Europe selected
Latin America Middle East US & Canada [Germanwings crash:
Co-pilot Lubitz 'practised rapid descent'] 21 minutes ago From
the section Europe [Germanwings co-pilot Andreas Lubitz is
known to have suffered depression in the past] [Alps plane
crash] What drives people to murder-suicide? The victims of the
Germanwings plane crash Germanwings: Unanswered questions
Flight 4U 9525: The final 30 minutes [[The co-pilot of the
Germanwings plane that crashed in the French Alps in March
appears to have practised a rapid descent on a previous
flight, a report by French investigators says.]] [The report said
Andreas Lubitz repeatedly set the plane for an unauthorised
descent earlier that day.] Lubitz is suspected of deliberately
crashing the Airbus 320, killing all 150 people on board. [[He had
Inckad the flinht cantain nut of the cocknit 11 The nlans had




Reinforcement Learning
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phaGoZero: Al Tabula Rasa

AlphaGo Master
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Trained from scratch without any
Human input only for 36 hours and
beat the previous version 100-0!



Learning to Communicate

 Agents interact sending
messages to solve a
common task.

* |Invent a language
grounded in real world
objects

E, Jorge, M. Kageback and E. Gustavsson, “Learning to play Guess Who? And inventing
a Grounded Language as a Consequence”, NIPS Deep RL Workshop (2016)



Al: NEW ELECTRICITY



Electricity and Al as General Purpose
° Widescopefor TeChnOIOgieS

improvement and
elaboration

e Application across a wide
range of uses

e Potential for use in a wide
variety of products and
processes

e Strong complementarities
with existing or potential
new technologies

THE SECOND
MACHINE AGE

WORK, PROGRESS, AND PROSPERITY

IN A TIME OF : &"j
W

BRILLIANT TECHNOLOGIES

ERIKBRYNJOLFSSON A
ANDREW McAFEE

...........



Easy to Use and Improve
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Under the bonnet

How a self-driving car works

Signals from GPS (global positioning system) Lidar (light detection and ranging)

satellites are combined with readings from sensors bounce pulses of light off the

tachometers, altimeters surroundings. These are analysed to

and gyroscopes to provide identify lane markings and the

more accurate positioning s————— edges of roads

than is possible with

GPS alone - , .
Video cameras detect traffic lights,
read road signs, keep track of the

Radar : pasition of other vehicles and look
SENsor _—1 i out for pedestrians and obstacles

...._.....-U & — ~ B .._ﬂ e ey — ﬂ“ tI_IEI luﬂd
~ i " — *E-\;
s . T ‘l\'-\.x

Ultrasomic sensors may
be used to measure the T
position of ohjectsvery  Theinformation fromall™
close to the vehicle, of the sensors is analysed ;
such as curbs and ather by a central computer that o

vehicles when park'i ng man pu lates the 5tneer"|ng. R o o e

accelerator and brakes. Its
software must understand Radar sensors monitor the position of other
the rules of the road, both vehicles nearby. Such sensors are already used




MACHINE INTELLIGENCE 3.0
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BUSINESS ANALYTICS MACHINE LEARNING SELF-LEARNING ROBOTS
Don't know  Already use Already use Already use | 1%
No plans ‘ |
to use
Y 8% Don’t By Don’t o
’ & know know |[IAAiLL
10% - 14% 15% 5 years
No plans 21%

12% W touse Within
5 years 18% 5 years No plans 17%
61% 45% to use

15% 46%

Beyond the next 5 years Beyond the next 5 years Beyond the next 5 years



Complementary Technologies

PRINTING

CRISPR/CAS9 Gene Editing for Additive Manufacturing
Life Sciences



Music itself is going to become like

running water or electricity.



Hi, how can | help?
I have listened

Charge my battery.

|
Il.xk me anything




e Al will contribute as much )
as S15.7 trillion to the world AHTIFIGIAL
economy by 2030 (PwC) INTELUEE”EE _

e S6.6 trillion from increased RE NE, Nt i A
productivity as businesses

automate processes and
augment with new Al

technology, and $9.1 trillion o .

from consumption side- — .
effects as shoppers snap up e Y "‘ift;.__ b Y
personalized and higher- H '1.:“.'.1__1 L

quality goods . . W 0



BigData@Chalmers Seminars

/ 10 November 2017 - BigData@Chalmers seminar

Artificial Intelligence Starting From a Blank Slate
Speakers: Devdatt Dubhashi, Mikael Kageback and others,
Department of Computer Science and Engineering, Chalmers
More information >>

27 October 2017 - BigData@Chalmers seminar
Privacy in the hands of the data analyzer
Speaker: Kobbi Nissim, Georgetown University
More information >>




Data Science: Algorithms

LP 1

LP 2

LP 3

LP 4

Introduction to Data
Science

Stochastic
processes and
Bayesian statistics

DAT340 - Applied
machine learning

DAT345 -
Techniques for
large-scale data

Nonlinear TDA507 TDA206 Discrete TDA231 Algorithms
optimization Computational optimization for Machine
methods in Learning and
bioinformatics (eller) Inference
(eller) CIU187 Information
DAT246 Empirical | Visualization
software
engineering (eller)
TINO93 Algorithms
LP 1 LP 2 LP 3 LP 4

TINO093 Algorithms

Data science project

SSY340 Deep
Machine Learning

TDA251
Algorithms,

Master's thesis




Data Science: Large Scale Systems

LP 1

LP 2

LP3

LP 4

Introduction to Data
Science

Stochastic
processes and
Bayesian statistics

DAT340 - Applied
machine learning

DAT345 -
Techniques for
large-scale data

Nonlinear TDA596 EDA263 Computer | TDA231
optimization Distributed Security Algorithms for
systems Machine Learning
(eller) and Inference
TDA297
Distributed
systems Il
LP 1 LP 2 LP3 LP 4
DAT300 Data science project | Master’s thesis
Data-driven

support for
cyber-physical
systems

SSY340 Deep
Machine Learning

DAT295
Autonomous and
Cooperative

A\ alhimiilar Cvictdarmac




Data Science: Optimization

LP 1

LP2

LP 3

LP 4

Introduction to Data
Science

Stochastic
processes and
Bayesian statistics

DAT340 - Applied
machine learning

DAT345 -
Techniques for
large-scale data

Nonlinear MVE190 Linear TDA206 Discrete TDA231
optimization statistical models | optimization Algorithms for
[MV] (eller) Machine Learning
SSY097 - Image and Inference
analysis [EE]
(eller)
TMAS521
Large-scale
optimization [MV]
LP 1 LP2 LP 3 LP 4

TMA265 Numerical
linear algebra [MV]
(eller)

TMAS881 High
performance
computing [MV]
(eller)

RRY025 Image
processing [SEE]

Data science project

SSY340 Deep
Machine Learning

TDAS507
Computational
methods in
bioinformatics

Master's thesis




Tillvalskurser

Nedan féljer en lista med blandade tillvalskurser pa olika institutioner utéver de som namnts
ovan.

LP1

TMAZ265 - Numerical linear algebra (Math)

MVE187 - Computational methods for Bayesian statistics (Math)
FFR105 - Stochastic optimization algorithms (Physics)

TIF160 - Humanoid robotics (Physics)

RRY025 - Image processing (Earth and Space Sciences)
FFR135 - Artificial neural networks (Physics)

LP2

DAT246 - Empirical software engineering (CSE)

TDAS07 - Computational methods in bioinformatics (CSE)
TIF155 - Dynamical systems (Physics)

FFR120 - Simulation of complex systems (Physics)
SSY130 - Applied signal processing (E2)

TDA357 - Databases (CSE) (** First cycle course)

LP3

TMAS521 - Large-scale optimization (Math) (** Given every other year)
TIF150 - Information theory for complex systems (Physics)

FFR110 - Computational biology A (Physics)

SSY097 - Image analysis(S2/Elec)

VVT105 - Geographical Information Systems (Architecture)

LP4

TMSO016 - Statistical image analysis (Math)
MVE220 - Financial risk (Math)

TMSO087 - Financial Time Series (Math)

MVE440 - Statistical Learning for Big Data (Math)
SSY115 - eHealth (E2)

SSY315 - Bayesian statistics (E2)



Artificial
Intelligence 7

The Future of
Humankind
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