Is a Mathematician a Robot
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The rise of the robots!

Are robots about to become an integral part of our society?

Wy,  MAHLIKE MACHINES RULE
Fagcisating Tales of a Stra

THE WORLD!
range Tomparaw




Robot comes from the Czech term robota ‘forced labour’
in K. Capek's play R.U.R. '‘Rossum's Universal Robots’
(1920)




Now robots build cars




and robots can drive cars too

But how close are we to Asimov’s vision?



Strong artificial intelligence

Strong Artificial Intelligence Is the ablility of a computer
to exhibit general intelligence

EX ..;'MACHINA

i CDMING DCIN

Decided by the Turing Test



Weak artificial intelligence is the abllity of a robot to
(be trained to) do a specific (albeit complex) task.

[ Machine Learning }

Examples: speech recognition, fraud detection, car driving




“Machine learning is the branch of artificial intelligence that
allows computer systems to learn directly from examples”

Royal Society Report, 2017

“Machine learning is a core, transformative way by which
we're rethinking everything we're doing.”

Sundar Pichai, CEO of Google



Big example: Playing games with machine

Early example of artificial intelligence

Chess Playing Computers Turing, Shannon 1949

“Although of no practical importance, the question is of theoretical interest,
and it is hoped that...this problem will act as a wedge in attacking other
problems—of greater significance.”



Followed strategies which mimicked the way that grand
masters play chess, only much faster (200 Million positions

a second)

Type A: Exhaustive examination of all possible moves

Type B: Trees of possible moves, with careful pruning of
bad moves

1997: Deep Blue
computer based on
this strategy beats
Gary Kasparov




Enter machine learning: AlphaZero computer

Given the rule book of chess only and played against
itself to learn to play like a Grand Master
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2017: AlphaZero takes on Stockfish the best ‘traditional’
chess playing computer and beats it convincingly

Relative Elo
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Sadly it makes a whole new world of chess cheating possible!



Machine learning computers
can now play Go

THE INTERNATIOKAL WEEKLY JOURNAL OF SCIENCE

Artificial intelligence: Google's AlphaGo 1d o
beats Go master Lee Se-dol At last — a computer program that

can beat a champion Go player pace4s4
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And even poker and
scrabble

A computer program has beaten a master Go player 3-0 in a best-of-five
competition, in what is seen as a landmark moment for artificial intelligence.



Can machine learning be used for automatic recruitment?

Feed in a lot of CVs and link them to recruitment decisions?




Invention of the general programmable computer

Pilot ACE

Von Neumann
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How machines learn
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Breakthrough came with the invention of the neural net (1963)
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IDEA:
1. Train the network on a set of data

2. Apply it to new data

Training:

01334567801
O 1 23#5 6787
6123456789
0123456%89

0712 %4567 &Y
012345617819
01 23¢567 ¢ 9

|dentify suitable weights W _i so that on the training
data set the neural net correctly identifies the right

digit



S 1 1 1 1 1 1 1
. 26

6 .

*»

»
»
+F
»
pl o b - =
3 M
. , . .
- r 4 . '-
oF d s .
L »
s »
=k "y s
* & o
. ¢ s
L .

&

. @




Size
Size

= =
domestication ° domestication

1 |

5iZe
size

domestication o domestication




Deep neural nets use many more layers

put layer

iInput layer
hidden layer 1 hidden layer 2



Convolutional neural networks (CNNSs)
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Types of training

1. Supervised

2. Reinforcement

Optimise the weights using numerical methods such as
steepest descent, quasi-Newton, simulated annealing,
Monte-Carlo Tree Search (MCTS)

Eg. AlphaZero used reinforcement learning over 700,000
games with MCTS optimisation



Some applications:

1. Computer vision




2. Investment planning

Investment options for 4
retirement §

PLANNING %6k

Traditional Eﬂpﬁﬁgﬁm deduction on | Pay tax on withdrawals at

IRA FelelhE:11:10h) IONS | or inary income rates in retlren':;nt.

NO UPFRONT tax breaks on | NO tax paid on
Roth IRA CONTRIBUTIONS withdraEualsinretirement.

iz i Pay tax ONLY on gains when
Annuities g%ﬁ;%fgﬁ??&% g | receiving periodic payments

In retirement.

Pay tax ONLY on gains at long-term
Brokerage JlAGELIEN capital gains rates when investments
=leoeliNll CONTRIBUTIONS | are sold after being held for more
than one year.



3. Hip Fracture Recognition and Diagnosis




Problems with machine learning

Machine learning algorithms are very much a black
box

We must be careful when using them to make
decisions about human beings

Significant ethical issues




Machine L eamning - Algorithm s and Ethics | University of Bath http~/fwww bath ac ok imi‘events/machine-learning html

UNTVERSITY OF Study Research Faculties & Depariments Business About
BATH s

Institute for Mathem atical Innovation

Machine Learning: Algorithms and Ethics

Campus-wide thematic semester at the University of Bath

February — May 2018

From casual interaction like Netflix's film suggestions, to more profound decisions such as
the length of jail sentences, the use of machine leamning in decision-making is increasing.

This raises important questions about how to make sure we can understand and challenge
these decisions, and ensure that we aren’t simply forced to accept whart an algorithm has
decided.

An interdisciplinary approach

Bringing together a wide range of academic disciplines, this IMI thematic semester will shed
fresh light on the rapidly growing field of machine learning, and the increasing use of algorithms in public and business decision-making.
we'll talk about how this impacts on individuals, and how we ensure that algorithms generate meaningful answers that can be challenged.

Auwdiiemce: FREE events at the University of Bath, open to all with a ticket

>> Join the [

Take part in our programme of talks, seminars and workshops

Al, Machine Learning and Ethics: a University of Bath showcase (London event)

7 Feb: Professor James Davenport, Dr Joanna Bryson and Dr Rachid Hourizi discuss the increasing use of algorithms in public and business
decision making, how this impacts individuals and how we ensure that they generate meaningful answers which can be challenged. This event
will provide a snapshot of current academic research at the University of Bath as well as an overview of the upcoming thematic semester of
activities through the spring of 201 8. BCS, the Chartered Institute for IT, 3.00 - 7.00pm, London. Full details and registration ==

Isa Mathematician a Robot ?(London event)

13 Feb: In this lecture, Professor Chris Budd OBE, Deputy Directar of the IMI, will describe the mathematics of machine learning and explain
its applications to robotics. He will address the question of whether a robot will ever replace a mathematician. Museum of London, 1.00 -
2.00pm. Full details and registration = >

Thematic semester kick-0" event (University of Bath)

Machine Learning and its Ethical Dilemmas: an Introduction

14 Feb® Acquire a rapid overview of machine learning and the ethical questions that surround it, in preparation for the series of seminars
planned during the semester. There will also be a guided practical session (bring your laptop) to see algorithms in action! Professor Mike
Tipping will lead this seminar aimed at a broad scientific audience of students and staff. University of Bath, 3 west North, Room 2.1, 2.15 -
4.15pm. Full details and registration = >

Wednesday Machine Learning Seminars

Come along to our series of machine learning seminars bringing together academics from all disciplines to share knowledge, exchange ideas
and stimulate new collaborations across departments. Each seminar will feature one or more speakers on a range of relevant topics. All
seminars are held in from 2.15 - 4.00pm in 8 West, Room 2.1, University of Bath.

© Good amallytics meeds good data and that meeds good metadats, Professor Mandy Chessell, IBM, 28 February
s amd i All, Dr Sandra Wachter, Oxford Internet Institute, 7 March

@ From il o do—ethiics, Dr Christoph Benzmueller, Free University of Berlin, 14 March

@ A series of mimi talks by University of Baith researchers wsimg machime lezmimg, 21 March

& Govermamoe: Arguimg for grester ¥, @ amdl meams for ditizen imtervemtions, Dr Joanna Redden, Cardiff Data Justice




If you look at enough data you can make false connections

US spending on science, space, and technology

correlates with

Suicides by hanging, strangulation and suffocation
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Correlation does not imply causation



You can see any thing you want in a cloud




Machines can get it wrong

ldentified as a
45mph speed
sign




Machines don’t think like humans




Can a robot be a mathematician?

Answer 1: Yes. Computers can calculate fast!




Answer 2. Yes. Computers can do algebra
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Answer 3. Yes. Robots can pass maths exams

Todal Robot Project

"Can a Robot Get Into the University of Tokyo?”

let by the National Institute of Informatics




Answer 4. No. There are many maths problems
even fast computers can’t solve well

NP-Hard problems
Can’t (as far as we know) be solved in polynomial time

Eg. Factorising large numbers, testing for primes,
travelling salesperson

:H
[ 13 ]
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And, can a machine learning based computer forecast the
weather?

© MAZK ANDEZSON WINN ANDEEZTOONS COM
S=| PROBABLY
0K

WHO CAN SAY
| NO IDEA

RANDOM GUESS

“And now the 7-day forecast...”



Answer 5: No. Computers don'’t display mathematical reasoning

Hilbert program attempted to
reduce all of mathematical
reasoning to arithmetical
operations

Kurt Goedel’s incompleteness
theorem showed that this was
Impossible




But can a machine learning algorithm be
creative?

As a test play a computer the works of Mozart,

Then ask it to compose a symphony.

Could that then be played to an expert  “Z0—= 7% 7
musician and found indistinguishable in = " TR
Imagination and invention from that created by a

human being?

| wonder if | will see that day?



How close are we to general Al?

This seems as far away as ever!
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