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What is
Artificial Intelligence?




Dartmouth Summer Research Project on Artificial
Infelligence - Summer 1956

The study is to proceed on the basis of the
conjecture that every aspect of learning or any
T o , other feature of intelligence can in principle be
JOHN McCARTHY (DARTMOUTH COLLEGE), MARVIN. L. MINSKY. (MIT) so precisely described that a machine can be

NATHANIEL ROCHESTER (IBM), AND CLAUDE SHANNON (BELL LABORATORIES . .
S CONDUCTED : : made to simulate it.

[N THIS BUILDING DURING“THE SUMMER OF 1956

1956 Dartmouth Conference:
The Founding Fathers of Al

& .f‘ .:,r',." ]

THE DARTMOUTH SUMMER RESEARCH PROJECT
ON ARTIFICIAL INTELLIGENCE

FIRST USE OF THE TERM “ARTIFICIAL INTELLIGENCE”

FOUNDING OF ARTIFICIAL INTELLIGENCE AS A RESEARCH DISCIPLINE

“To proceed on the basis of the conjecture
that 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.”

IN COMMEMORATION OF THE PROJECT'S 50th ANNIVERSARY
JULY 13, 2006

Herbert Simon Arthur Samuel Oliver Selfridge Nathaniel Rochester Trenchard More



Artificial Intelligence Definition - European

Commission

Artificial intelligence refers to systems that display
intelligent behaviour by analysing their environment
and taking actions — with some degree of autonomy

— fo achieve specific goals.

Al-based systems can be purely software-based,
acting in the virtual world (e.g. voice assistants,
image analysis software, search engines, speech
and face recognition systems) or Al can be
embedded in hardware devices (e.g. advanced
robots, autonomous cars, drones or Internet of Things
applications).

The European Commission’s
HIGH-LEVEL EXPERT GROUP ON
ARTIFICIAL INTELLIGENCE

* X %
*x %k
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* 4 K

A DEFINITION OF Al:
MAIN CAPABILITIES AND SCIENTIFIC DISCIPLINES

Definition developed for the purpose of the deliverables of
the High-Level Expert Group on Al

Brussels, 18 December 2018
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* Machine learning =2 “a method of designing a sequence of actions to solve a problem

that optimises automatically through experience and with limited or no human
intervention’ (FSB, 2017)

« Categories of machine learning: : ;
. . . Unsupervised Learning
« Supervised machine learning (Clustering Algorithm)
» Unsupervised machine learning
* Reinforcement learning

" Duck

* Deep Learning

s A

[

4 Duck
* Supervised * Predictive
é Not Duck Model
i

« Few decades ago chess playing was C

Deep Neural Network

%
- * Unsupervised . ®
i Learning
input layer

hidden layer 1 hidden layer 2 hidden layer 3
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What is Arfificial Intelligence?

Data

ACCUMULATED DIGITAL UNIVERSE OF DATA

4.4ZB

, 447ZB

2013 2020

Pl

A day in data

65 billion Whatsapp
messages

10'> bytes generated by
Facebook

500m tweets

The Mathematics

Machine Learning

Neural networks

Numerical optimizations

Computing power

« 102" FLOPS (floating point
operations per second)
globally available

« 1012, one ftrillion, is 80
tiimes the global GDP

« Costof 1 GFLOP
« 1945: 1800 ftrillion USD
« 2000: 1500 USD
« 2020:0.04 USD



What is Artificial Intelligence®e

Computing power
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e e 1021 FLOPS (floating point
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i globally available
e s 10'2, one frillion, is 80
A times the global GDP
. o Cost of 1 GFLOP
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. : +2000: 1500 USD
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Computing power
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A DAY IN DATA

The exponential growth of data is undisputed, but the numbers behind this explosion - fuelled by internet of things and
the use of connected devcies - are hard to comprehend, particularly when locked at in the context of one day

of data created by
F yok, inchuding

350m photos

DEMYSTIFIYING DATA UNITS

From the more familisr ‘bit” or "megabyte’, larger units of measwrement are mone frequently
being wied to explsn the matses of data

Uit Value Size
bt Dot 1/8 of & byt
B  byte B bits 1 byte
KE kilobyte 1000 bytes. 1,000 bytes
ME megabyte 1000 bytes 1,000, 000 bytes
GE gigatyte 1,000" bytes 1,000,000.000 bytes
TE torabyle LO0D bytes 1000, 000000000 bytes
PH potabyte 1.000° bytes LO0G,000.000,000,000 bytes
E6 exabyte 1.000" bytes 1000, 0:0:0.000,000.000.000 bybes
LB rettabyte OO0 byt 1,000, 0e0e0), 0e0e0, D00, 000,000,000 brytes
VB yottabyte LODO" bytes 1000, D00, 00, 000,000, 000,000,000 bytes
A rwersass W e o wely i

tweets are sent

65bp

messages sent over WhatsApp and
two billion minutes of voice and
video calls made

Fazabmot

e 100m i
320bn "
//—_\ :n;l:::::;;: :;g‘_t ‘;‘#:*,
94 306bn '
amails to be sent
bilion emails are sent each day by 2020
LS
Fasan e 2 -
3.9b 4TB
40) 1
pacrl L1 sl of data produced by a connected car

ACCUMULATED DIGITAL UNIVERSE OF DATA

4.47B

sowresmasesaer | _gpn

3.5bn

[P

463z

of data will be created every day by 2025

o

photos and videos are
shared on Instagram

P OSm

28PB

to be generated from wearable
devices by 2020

drarata

RACONTEUR



Artificial Intelligence techniques — The Mathematics
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The Mathematics

Dendriie
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Axon terminal Activation
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Neural networks and the universal approximation
theorem

Neural networks can approximate (almost)
arbitrary mathematical functions

Cybenko (1989) states that any continuous
mathematical function on a compact
domain can be approximated with any

precision by an appropriate neural network \ /./A . , /_

with sufficient width and depth

.\
@ ®
(Negative gradient)

~Ivl

\\ / (Positive gradient)
. & vl
D

Neural networks are the most powerful functions we have ever had



Neural networks

A mostly complete chart of

) Input cell N e U ra l N e tWO rkS Deep Feed Forward (DFF)

6 Backfed Input Cell ©2019 Fjodor van Veen & Stefan Leijnen  asimovinstitute.org

A Noisy Input Cell

. Spiking Hidden Cell

Recurrent Neural Network (RNN) Long /Short Term Memory (LSTM)  Cated Recurrent Unit (GRU)
. Capsule Cell o a a W Y W
9,9 9,9
e R¥ g

. Output Cell

. Match Input OQutput Cell

\?
N

N

l‘\

7

—

Perceptron (P} Feed Forward (FF) Radial Basis Network (RBF)

. Hidden Cell - o -
. Probablistic Hidden Cell - o -

VSIS
TR

R
@ recurrent cel Auto Encoder (AE) Variational AE (VAE) Denoising AE (DAE) Sparse AE (SAE)

. Memory Cell
. Gated Memory Cell

" Kernel

) Convolution or Pool

Markov Chain (MC) Hopfield Network (HN)  Boltzmann Machine (BM)  Restricted BM (RBM)

Q0 _©O

Deep Belief Network (DBN)

A3

Deconvolutional Network (DN)

Deep Convolutional Network (DCN)

Y
y

)

) ¢
/NN
o O ©
/NSNS N
O O O |

{

r
X

Liquid State Machine (LSM)

3

e
-

e

I
X

)

P\

Kohonen Network (KN)

—

) @

@)

s
D 4
y §

) ¢
XX
/\O

\WAWAW

O

AVAWAN

y ¥

|

ava
e @
| |>é

Extreme Learning Machine (ELM)

Deep Convolutional Inverse Graphics Network (DCIGN)

Attention Network (AN)



History of
Artificial Intelligence




/g_ Al 1993 -
Antiquity 2011
« rmvih /tfb:' Milestones
Grggcrrggj/ > . Boom 1980 § and Moore's
: Symbolic Al 1987 ::2: law
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The birth of Al The first Al winter Bust: the Deep
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Al Coins




A GLOBAL LOOK AT R&D SPENDING

The companies and nations that are leading the way in innovation and research

94% of patents granted by the US Patent

The G20 accounts for 92%
and Trademark Office stem from G20 countries

of global spending on research

R&D Expenditure as a percentage of GDP

Select G20 countries; 2015

— RUSSIA

1.10%
t.'s SOUTH KOREA

+ 9, 423%
O anpaN
/ 3.29%

CANADA * GERMANY
1.71% QT | 2,939 M-
CHINA

UNITED STATES 2.07%
2.79% r—

—
ITALY

MEXICO
0.53% "’ 1.33% ‘

— . TURKEY . ﬁ
ARGENTINA 0.88%
w S SOUTH AFRICA
-

0.63% g
- 0.73%"

FRANCE
2.22%

AUSTRALIA
2.11%"

Top 5 Jurisdictions by R&D Expenditure (2015)

JAPAN SOUTH KOREA

UNITED STATES CHINA EUROPEAM UNION

$463B $377B $346B $155B $74B



Al Readiness

FUTURE DEVELOPMENT

Whoever leads in artificial intelligence in
2030 will rule the world until 2100

15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-80 60-65 65-70 70-75 75-80 80-85
15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85 1500 20-25 25-30 30-35 35-40 40-45 4550 50-55 55-60 60-65 6570 70-75 75-80 80-85



A biased tour through Al
in Finance Research:
Data Science,

Fintech and Blockchain
Technology




Artificial Intelligence is impacting all

business areqs

Reporting and record

Asset management management Compliance

Data analytics Risk management

Credit intermediation
AML/CFT

KYC checks

Credit scoring / risk
underwriting

Trading P&L,
reconciliations

Control functions/
processes

Algorithmic trading

Post-trade
processing

Blockchain-based

finance IT / infrastructure

Asset allocation

Robo-advisors,

Chatbots, customer
service

Biometric authentication

Trading strategies,
execution

Tailored, personalised
products

BACK OFFICE MIDDLE OFFICE

FRONT OFFICE

Source: OECD staff illustration.




A biased tour through Al research in Finance

Fintech and Risk
Management

FI NTEC II:\lilli‘:?\ll“\GEIV'IENT

www.fintech-ho2020.eu

100+ researchers from 15
European Universities

« Detecting Fraud in
Blockchain payments

« Peer-to-peer lending
+ Explainable Al

e Credit Risk Network
models

Fintech and Al in
Finance

European
Commission

200+ researchers from 38
countries

ﬁ\c\al lntel/,g

6, . CQ

,§. ‘\
= %
*FIN A| )

Reinforcement
learning for Finance

Schweizerische Eidgenossenschaft
g Confédération suisse

Confederazione Svizzera

Confederaziun svizra

Swiss Confederation

Innosuisse — Swiss Innovation Agency

« Reinforcement learning
for frading and
forecasting financial
markets

" frontiers REVIEW article
in Artificial Intelligence Front. Artif. Intell, 31 May 2021 | https://doi.org/10.3389/frai.2021.668465

The Applicability of Self-Play Algorlthms to
Trading and Forecasting Financial Markets

[ Jan-Alexander Postht’, £ Piotr Kotlarz?3, [fJ] Branka Hadiji Misheva?, gy Joerg Osterrieder2* and jj Peter
Schwendner!



A biased tour through Al research in Finance |

Credit risk models

Schweizerische Eidgenossenschaf
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

Innosuisse — Swiss Innovation Agency

« Towards Explainable
Artificial Intelligence and
Machine Learning in
Credit Risk Management

Peer-to-peer lending

ENSNF

FONDS NATIONAL SUISSE
SCHWEIZERISCHER NATIONALFONDS
FONDO NAZIONALE SVIZZERO

Swiss NATIONAL SCIENCE FOUNDATION

Network-based credit risk
models

 Network-based
feature extraction
techniques

« The use of multiple
networks in feature
extraction

*  bagging and hyper-
parameter tuning

Reinforcement

learning for Finance

Schweizerische Eidgenossenschaft
9 Confédération suisse

Confederazione Svizzera

Confederaziun svizra

Swiss Confederation

Innosuisse - Swiss Innovation Agency

 Limit order book case
study

« Recommender
systems

* Factorinvesting

*  Multi-agent
Reinforcement
Learning



A biased tour through Al research in Finance i
Generative Adversarial Networks

D: Detective

G: Generator (Forger) I: Input for Generator



A biased tour through Al research in Finance |V

Generative Adversarial Networks

min max B, [log(D(z))] + E: [log(1 — D(G(2)))]

Training set

Random

Generator

a ke image

Discriminator

Real

E‘ﬂ” f {Fa ke




A biased tour through Al research in Finance V

Electronic Signature
on the Blockchain

swisscom

Qualified electronic signature on the blockchain

N\
1

CERTIFICATION SERVICE
PROVIDER

Qualified
electronic
signature

N
il

% SMART CONTRACT ﬁ ACQUIRER
e s Review and approval of
blockchain

DISPOSER

the transaction

Blockchain-based
Fair Trade

Schweizerische Eidgenossenschaft
c Confédération suisse

Confederazione Svizzera

Confederaziun svizra

Swiss Confederation

Innosuisse - Swiss Innovation Agency

FLOCERT
Ceniﬁeation[
Data Credit check
FairCapital
Pre-payment
Consumer Producer
Token L
o)
/,xjjii;{0@°
Fairtrade ; “ o
Token products A Fair2C .~ §| S
& ooy 8|5
R 1% a
Ve D
«o LN
o Token b
Retailer Trader
Products

J0BIJUOD [BIDIBWWIOD

Virtual currencies

NS NF

FOMDS MATIONAL SUISSE
SCHWEIZERISCHER NATIONALFONDS
FONDO NAZIONALE SVIZZERO

Swiss NATIONAL SCIENCE FOUNDATION

Ustof uncie blodk istof uncle biook
headers 1 headers

Block N Header ; Block N+1 Header

——{»[ Prevtiasn | [Timestamp ] [(uncies Hasn | |—{ | Prevriash | [Timestamp | [Uncles Hash | |——

[ Benefciary | [ Logs Bioom | [ oifficutty | [ Extra Data |

[ Beneficiary | [ Logs Bioom | [ Dicuty | [ Extra Data |

[(Brock um | [‘Gasumit | [[Gasused | [Mix Hash | [(Bocknum | [‘GasLmit | [[Gasused | [MaxHasn |

[ state Root | [ Transaction Root | [ ReceiptRoot | [ state root | | | [ Receiptroot |
LT\
=
/
Nonce [ Baiance || Codet hash Storage root ce’ Balance’ Codehash ‘Storage root



The Al framework




Regulatory aspects




It is not clear how variables are being

The Need for eXplainable Al combined to make predictions! @

Hidden
Layer 2
Hidden

‘\ ‘V I’ ........... >
....... ‘ .' “ “
)’" . . %:' ‘3‘. ‘;‘ :g ........... >
...... 4" ‘ /" ‘
(OHERX TP "
VII‘V‘\\\ w/,’
Output
oiliges . / i [N,3]
[N,4] Wi W,
’ i ni [7,3]
[5,7] £

EXPLAINABRLE (Al

BLACK BoX |Al




It is not clear how variables are being

Te Need for eXp|O|nOb|e Al combined to make predictions! (@?
INPUT — LE1VX\®0 @:10) 4 —— OUTPUT

It has found TS W P Prodicted: vof
some snow!

Predicted: husky Predicted: wolf
True: husky True: wolf

Image source: medium.com



https://medium.com/trusted-ai/explaining-ai-model-behaviour-with-ibm-watson-openscale-86515702c177

Seven key requirements for Al systems




European
Commission

The European approach to frustworthy Al

Unacceptable risk High-risk Limited risk Minimal risk

Coordinated Plan on Al

p— « Ciifical infrastructures L AlSyStems wilh SPECic  proe use of appiications LS
safety, livelihoods and  Educational or fransparency such as Al-enabled S e peene
rights of people vocational fraining obligations video games or spam
* Systems or applications * Safety components of * Users should be aware filters
that manipulate human products that they are « The draft Regulation
behaviour to « Employment, workers interacting with a does not intervene
circumvent users' free management and machine so they can here, as these Al
will access to self- fake an informed systems represent only
* ‘social scoring' by employment decision 1o confinue or minimal or no risk for
governments « Essential private and SIS [SelEls

citizens' rights or safety
public services

e Law enforcement

* Migration, asylum and
border control
management

* Administration of justice
and democratic
processes

'S

i
“ "}71}%
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Quantum
Computing




Al and sustainabillity

CO0Z emission benchmarks

800

'
(s ]
=
o
Fo0 =
=
626.2 In 2030, using Al for climate
800 control could help reduce
T
=
g 500
:E" 2.6 to 5-3
‘B 400 .
&
; gigatons
]
5 300
2
E
o
g 200 of GHG emissions,
o} or 5% to 10% of
0o the total
100
= 1.0 36.2 Source: BCG analysis.
i i — ! _ :
Air travel from Hurnan life American life LS. car Training an
Mew Yark City to ifeg. 1year) iAvg. 1year) manufacturing and Al model
San Francisco fuel consumption
i1 passenger) iAwgz 1 lifetime)

Datacompiled Oct. 2, 2014,

An "8 rerican lite" has a larger carbon footprint than a“Human lite" because the U.5. is widely regarded as one of the top carbon dicxide
emitters in the world.

Source: College of Information and Computer Sciences at University of Massachusatts Amherst

and could provide

$1 trillion

to
$3 trillion

in value added when
applied to corporate
sustainability generally



: In a Historic Milestone, Silicon Quantum
How quantum computing could change _ J I Toa 0 L T R e
hinancial services

JP Morgan Chase Unleashes Honeywell's

The potential of quantum computing for Quantum Computer on Tough Fintech
finance
Problems
Quantum Computing in Banking and Finance
— Threat or Opportunity?
Quantum Computing Is First fully programmable quantum

Coming. What Can It Do?

by Francesco Bova, Avi Goldfarb, and Roger Melko

computer based on neutral atoms

Il
rrrrr
I

.......

NUCIear quqnium Compuflng: \ - u_‘ e ', I Bloomberg

Brought to you by the US Army

a ERem— Y Markets Markets Magazine
Finland moves to industriali =Sl wedl | 1 bl 8 Quantum Computing

| - maga Might Be Here Sooner
Than You Think

g l
For the Finnish government, now is the time to start preparing g™
quantum computers will have practical value



The Future of Artificial Intelligence

« “The development of full artificial intelligence could spell the end of the human
race....It would take off on its own, and re-design itself at an ever-increasing rate.
Humans, who are limited by slow biological evolution, couldn't compete, and
would be superseded.”— Stephen Hawking

« “Artificial intelligence would be the ultimate version of Google. The ultimate
search engine that would understand everything on the web. It would understand
exacftly what you wanted, and it would give you the right thing. We're nowhere
near doing that now. However, we can get incrementally closer to that, and that
is basically what we work on.” —Larry Page

« “Artificial intelligence willreach human levels by around 2029. Follow that out
further to, say, 2045, we will have multiplied the intelligence, the human biological
machine intelligence of our civilization a billion-fold.” —Ray Kurzwell
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