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What is  
Artificial Intelligence?
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Dartmouth Summer Research Project on Artificial 
Intelligence - Summer 1956
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The study is 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. 



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 

– to achieve specific goals.

AI-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 AI can be 

embedded in hardware devices (e.g. advanced 
robots, autonomous cars, drones or Internet of Things 

applications).

9



Machine Learning 

• Machine learning  “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: 
• Supervised machine learning 
• Unsupervised machine learning 
• Reinforcement learning 
• Deep Learning



• Machine Learning

• Neural networks

• Numerical optimizations

A day in data
• 65 billion Whatsapp

messages
• 1015 bytes generated by 

Facebook
• 500m tweets

• 1021 FLOPS (floating point 
operations per second) 
globally available

• 1012, one trillion, is 80 
tiimes the global GDP

• Cost of 1 GFLOP
• 1945: 1800 trillion USD
• 2000: 1500 USD
• 2020: 0.04 USD

Data Computing powerThe Mathematics

What is Artificial Intelligence?
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Computing power
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Artificial Intelligence techniques – The Mathematics 



The Mathematics

Neural networks (Artificial Intelligence) are functions



Neural networks and the universal approximation 
theorem



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 
with sufficient width and depth 

Neural networks are the most powerful functions we have ever had



Neural networks
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History of 
Artificial Intelligence
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Antiquity
Greek myths 

Sacred 
mechanical 
statues built 
in Egypt and 
Greece were 
believed to 
be capable 
of wisdom 

and emotion.

The birth of AI 
1952 – 1956
Turing's test
Dartmouth 
Workshop 

1956

Symbolic AI 
1956 – 1974
“Machines 

will be 
capable, 

within twenty 
years, of 

doing any 
work a man 

can do."

The first AI winter 
1974 – 1980

Limited 
computer power
Intractability and 

the 
combinatorial 

explosion
The end of 

funding

Boom 1980 – 
1987

The rise of 
expert 
systems

The money 
returns: the 

Fifth 
Generation 

project

Bust: the 
second AI 

winter 1987 – 
1993

Sudden 
collapse of 
the market 

for 
specialized 
AI hardware 

in 1987

AI 1993 – 
2011

Milestones 
and Moore's 

law
Intelligent 

agents
AI behind the 

scenes - AI 
had solved a 

lot of very 
difficult 

problems

Deep 
learning, big 

data and 
artificial 

intelligence: 
2011 – 

present



AI Coins 





AI Readiness
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A biased tour through AI 
in Finance Research: 

Data Science, 
Fintech and Blockchain 

Technology



Artificial Intelligence is impacting all 
business areas
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Value creation by Artificial Intelligence

30

Proportion of companies with data-driven business models among the top 10 companies by market capitalization
Source: BAFIN Report (2018)



Top 10 AI countries 
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100+ researchers from 15 
European Universities

• Detecting Fraud in 
Blockchain payments

• Peer-to-peer lending
• Explainable AI
• Credit Risk Network 

models

• Reinforcement learning 
for trading and 
forecasting financial 
markets

Fintech and Risk 
Management

Reinforcement 
learning for Finance

A biased tour through AI research in Finance

200+ researchers from 38 
countries

Fintech and AI in 
Finance



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

• Limit order book case 
study 

• Recommender 
systems 

• Factor investing 
• Multi-agent 

Reinforcement 
Learning

Credit risk models Reinforcement 
learning for Finance

A biased tour through AI research in Finance II

Network-based credit risk 
models
• Network-based 

feature extraction 
techniques

• The use of multiple 
networks in feature 
extraction

• bagging and hyper-
parameter tuning

Peer-to-peer lending



A biased tour through AI research in Finance III
Generative Adversarial Networks



   

A biased tour through AI research in Finance IV
Generative Adversarial Networks



GANs and Nash Equilibrium

The GAN framework is a non-convex, 
two-player, non-cooperative game with 
continuous, high-dimensional 
parameters, in which each player wants 
to minimize its cost function. 

The optimum of this process takes the 
name of Nash Equilibrium.

GANs are typically trained 
using gradient-descent techniques that 
are designed to find the low value of 
a cost function and not find the Nash 
Equilibrium of a game

What is a Nash Equilibrium?

No participant can gain by a 
unilateral change of strategy 
if the strategies of the others 
remain unchanged

A Detour – Nash Equilibrium



Electronic Signature 
on the Blockchain

Virtual currencies 

A biased tour through AI research in Finance V

Blockchain-based 
Fair Trade



Input Data

Feature 
SelectionEncodingFeature 

Creation

AutoEncoderKernel PCAPCA

Forecast with 
Alternative 

Data

Time Series 
Forecasting

Neural 
Architecture 

Search

Hyper-
parameter 

Optimization

Empirical 
Ranking

ML-based 
Ranking SHAPLEYLIME

Feature 
Engineering

Embedding

Prediction

Ranking Explanation

AutoML

The AI framework



Regulatory aspects 



The Need for eXplainable AI
It is not clear how variables are being 
combined to make predictions!

“AI is a means, not an end. It has been around for 
decades but has reached new capacities fueled 

by computing power. This offers immense 
potential in areas as diverse as health, transport, 
energy, agriculture, tourism or cyber security. It 

also presents a number of risks. Today's proposals 
aim to strengthen Europe's position as a global 

hub of excellence in AI from the lab to the market, 
ensure that AI in Europe respects our values and 
rules, and harness the potential of AI for industrial 

use.” Commissioner for Internal Market Thierry 
Breton.



The Need for eXplainable AI

INPUT OUTPUTBLACK BOX

It is not clear how variables are being 
combined to make predictions!

It has found 
some snow!

Image source: medium.com

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


Seven key requirements for AI systems



Key regulatory requirements for AI systems I
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AI systems should empower 
human beings, allowing them 
to make informed decisions 

and fostering their 
fundamental rights. At the 

same time, proper oversight 
mechanisms need to be 
ensured, which can be 

achieved through human-in-
the-loop, human-on-the-loop, 

and human-in-command 
approaches

Human agency and oversight Privacy and data governance

AI systems need to be resilient 
and secure. They need to be 
safe, ensuring a fall back plan 

in case something goes 
wrong, as well as being 
accurate, reliable and 

reproducible. That is the only 
way to ensure that also 

unintentional harm can be 
minimized and prevented.

Technical Robustness and 
safety

Besides ensuring full respect 
for privacy and data 

protection, adequate data 
governance mechanisms must 

also be ensured, taking into 
account the quality and 
integrity of the data, and 

ensuring legitimised access to 
data.



Key regulatory requirements for AI systems II
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The data, system and AI 
business models should be 
transparent. Traceability 
mechanisms can help 

achieving this. Moreover, AI 
systems and their decisions 
should be explained in a 
manner adapted to the 
stakeholder concerned. 

Humans need to be aware 
that they are interacting with 

an AI system, and must be 
informed of the system’s 

capabilities and limitations.

Transparency Societal and environmental 
well-being

Unfair bias must be avoided, 
as it could could have multiple 

negative implications, from 
the marginalization of 

vulnerable groups, to the 
exacerbation of prejudice 

and discrimination. Fostering 
diversity, AI systems should be 
accessible to all, regardless of 

any disability, and involve 
relevant stakeholders 

throughout their entire life 
circle.

Diversity, non-discrimination 
and fairness

AI systems should benefit all 
human beings, including 

future generations. It must 
hence be ensured that they 

are sustainable and 
environmentally friendly. 

Moreover, they should take 
into account the environment, 
including other living beings, 
and their social and societal 
impact should be carefully 

considered.



Key regulatory requirements for AI systems II
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The data, system and AI 
business models should be 
transparent. Traceability 
mechanisms can help 

achieving this. Moreover, AI 
systems and their decisions 
should be explained in a 
manner adapted to the 
stakeholder concerned. 

Humans need to be aware 
that they are interacting with 

an AI system, and must be 
informed of the system’s 

capabilities and limitations.

Transparency Societal and environmental 
well-being

Unfair bias must be avoided, 
as it could could have 

multiple negative 
implications, from the 

marginalization of vulnerable 
groups, to the exacerbation 

of prejudice and 
discrimination. Fostering 

diversity, AI systems should 
be accessible to all, 

regardless of any disability, 
and involve relevant 

stakeholders throughout their 
entire life circle.

Diversity, non-discrimination 
and fairness

AI systems should benefit all 
human beings, including 

future generations. It must 
hence be ensured that they 

are sustainable and 
environmentally friendly. 

Moreover, they should take 
into account the 

environment, including 
other living beings, and their 
social and societal impact 

should be carefully 
considered.

Accountability

It is closely linked to the 
principle of fairness. It 

necessitates that 
mechanisms be put in place 
to ensure responsibility and 

accountability for AI systems 
and their outcomes, both 

before and after their 
development, deployment 

and use.



The European approach to trustworthy AI I

AI Risks
• Unacceptable risk: AI systems considered a clear 

threat to the safety, livelihoods and rights of 
people will be banned. This includes AI systems or 
applications that manipulate human behaviour to 
circumvent users' free will and systems that allow 
‘social scoring' by governments.

• High-risk: AI systems identified as high-risk include 
AI technology used in:

• Critical infrastructures
• Educational or vocational training
• Safety components of products
• Employment, workers management and 

access to self-employment
• Essential private and public services
• Law enforcement

• Migration, asylum and border control 
management 

• Administration of justice and democratic 
processes

• Limited risk: AI systems with specific transparency 
obligations: When using AI systems such as 
chatbots, users should be aware that they are 
interacting with a machine so they can take an 
informed decision to continue or step back.

• Minimal risk: The legal proposal allows the free 
use of applications such as AI-enabled video 
games or spam filters. The vast majority of AI 
systems fall into this category. The draft Regulation 
does not intervene here, as these AI systems 
represent only minimal or no risk for citizens' rights 
or safety.

46

“AI is a means, not an end. It has been around for decades 
but has reached new capacities fueled by computing power. 
This offers immense potential in areas as diverse as health, 
transport, energy, agriculture, tourism or cyber security. It also 
presents a number of risks. Today's proposals aim to strengthen 
Europe's position as a global hub of excellence in AI from the 
lab to the market, ensure that AI in Europe respects our values 

           



The European approach to trustworthy AI
Unacceptable risk

• Clear threat to the 
safety, livelihoods and 
rights of people 

• Systems or applications 
that manipulate human 
behaviour to 
circumvent users' free 
will 

• ‘social scoring' by 
governments

High-risk 

• Critical infrastructures
• Educational or 

vocational training
• Safety components of 

products
• Employment, workers 

management and 
access to self-
employment

• Essential private and 
public services

• Law enforcement
• Migration, asylum and 

border control 
management 

• Administration of justice 
and democratic 
processes

Limited risk 

• AI systems with specific 
transparency 
obligations

• Users should be aware 
that they are 
interacting with a 
machine so they can 
take an informed 
decision to continue or 
step back

Minimal risk 

• Free use of applications 
such as AI-enabled 
video games or spam 
filters

• The draft Regulation 
does not intervene 
here, as these AI 
systems represent only 
minimal or no risk for 
citizens' rights or safety

Coordinated Plan on AI

• Funding allocated 
through the Digital 
Europe and Horizon 
Europe programmes, 
the Recovery and 
Resilience Facility and 
Cohesion Policy 
programmes

• Creation of enabling 
conditions for AI's 
development

• Foster AI excellence
• Ensure that AI works for 

people
• Build strategic 

leadership



Quantum 
Computing

48



AI and sustainability
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Vision of AI by 2050 

51

“[AI] is going to change the world more than 
anything in the history of mankind. More than 
electricity.”— AI oracle and venture capitalist 
Dr. Kai-Fu Lee, 2018
Artificial intelligence is transforming how we 
design and build. By 2050, the effects of AI 
adoption will be widely felt across all aspects 
of our daily lives. 
The Future of Work
According to The Economist, 47% of the work 
done by humans will have been replaced by 
robots by 2037, even those traditionally 
associated with university education. 
Urban Intelligence & Big Data
55% of the world’s population lives in urban 
areas, a number that will increase to 70% by 
2050. AI can further analyze and monitor how 

we move about the city, work together, and 
unwind. In 30 years, we will also have entirely 
new versions of these modalities.
Transportation
Today, there is a lot of talk about the 
Hyperloop systems, with Virgin Hyperloop One 
and HyperloopTT emerging as the leading 
teams rethinking transportation. The 
implications for 2050 are dramatic, where our 
current ideas and associations of cities, 
geography and resources will radically 
change. At the same time, companies like 
Uber and Volocopter are looking to the sky to 
design and develop the world's first vertiport 
and air taxi hubs around the world. Trying to 
anticipate the future of mobility, the Third 
Dimension will open up new possibilities for 
transit.



Vision of AI by 2050 
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Construction
The report published by Balfour Beatty outlines 
a series of conclusions: robots will work in 
teams to build complex structures using 
dynamic new materials, while elements of a 
build will self-assemble. Drones flying 
overhead will scan the site, sending 
instructions to robotic cranes and diggers and 
automated builders with no need for human 
involvement. The result is a human-free 
construction process, one where the role of 
the builder moves to “overseer” and they are 
remotely managing projects.

The Singularity
The Singularity is often defined as the point at 
which exponential technological 
advancements cross the threshold of “strong 
AI” and machines possess a broad 
intelligence that exceeds human levels. There 
is a very strong chance it will happen by 2050.



• “Artificial intelligence would be the ultimate version of Google. The ultimate 
search engine that would understand everything on the web. It would understand 
exactly 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

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 will reach 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 Kurzweil



Artifcial Intelligence in Finance
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