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Course Syllabus G
National Taipei University S
Academic Year 112, 15t Semester (Fall 2023)

* Course Title: Artificial Intelligence in Finance and Quantitative
Analysis

* Instructor: Min-Yuh Day .q*'
* Course Class: MBA, IM, NTPU (3 Credits, Elective) '“:“'.’ o
* Details T ;I'
* EMI Course S ep—
(3 Credits, Elective, One Semester) (M5276)
* Time & Place: Tue, 2, 3, 4, (9:10-12:00) (B3F17) Eit5 ]

* Google Meet: https://meet.google.com/paj-zhhj-mya =]
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Course Objectives

1. Understand the fundamental concepts and research
issues of Artificial Intelligence in Finance and
Quantitative Analysis.

2. Equip with Hands-on practices of Artificial Intelligence
in Finance and Quantitative Analysis.

3. Conduct information systems research in the context of
Artificial Intelligence in Finance and Quantitative
Analysis.




Course Outline G

SIS T
National Taipei University

* This course introduces the fundamental concepts, research issues, and hands-on practices of
Al in Finance and Quantitative Analysis.

e Topics include:
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Introduction to Artificial Intelligence in Finance and Quantitative Analysis

Al in FinTech: Metaverse, Web3, DeFi, NFT, Financial Services Innovation and Applications
Investing Psychology and Behavioral Finance

Event Studies in Finance

Finance Theory

Data-Driven Finance

Financial Econometrics

Al-First Finance

Deep Learning in Finance

Reinforcement Learning in Finance

Algorithmic Trading, Risk Management, Trading Bot and Event-Based Backtesting
Case Study on Al in Finance and Quantitative Analysis.



Core Competence

* Exploring new knowledge in information technology,
system development and application 80 %

* Internet marketing planning ability 10 %

* Thesis writing and independent research skills 10 %



Four Fundamental Qualities

Professionalism
* Creative thinking and Problem-solving 40 %
 Comprehensive Integration 40 %
Interpersonal Relationship
 Communication and Coordination 10 %
* Teamwork 5 %
Ethics
* Honesty and Integrity 0 %
* Self-Esteem and Self-reflection 0 %
International Vision
* Caring for Diversity 0 %
* Interdisciplinary Vision 5 %



College Learning Goals

*Ethics/Corporate Social Responsibility
*Global Knowledge/Awareness
*Communication

* Analytical and Critical Thinking



Department Learning Goals

*Information Technologies and
System Development Capabilities

*Internet Marketing Management Capabilities
*Research capabilities



Syllabus A<,

National Taipei University

Week Date Subject/Topics

1 2023/09/12 Introduction to Artificial Intelligence in Finance and
Quantitative Analysis

2 2023/09/19 Al in FinTech: Metaverse, Web3, DeFi, NFT,
Financial Services Innovation and Applications

3 2023/09/26 Investing Psychology and Behavioral Finance
4 2023/10/03 Event Studies in Finance

6 2023/10/17 Case Study on Al in Finance and Quantitative Analysis |
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Syllabus A\,

National Taipei University

Week Date Subject/Topics

7 2023/10/24 Finance Theory and Data-Driven Finance
8 2023/10/31 Midterm Project Report

9 2023/11/07 Financial Econometrics

10 2023/11/14 Al-First Finance

11 2023/11/21 Industry Practices of Al in Finance and Quantitative
Analysis

12 2023/11/28 Case Study on Al in Finance and Quantitative Analysis Il
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Syllabus A\,

National Taipei University

Week Date Subject/Topics

13 2023/12/05 Deep Learning in Finance;
Reinforcement Learning in Finance

14 2023/12/12 Algorithmic Trading; Risk Management;
Trading Bot and Event-Based Backtesting

15 2023/12/19 Final Project Report |
16 2023/12/26 Final Project Report Il

12



Teaching Methods and Activities =%

 Lecture
* Discussion

e Practicum
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Evaluation Methods b

* Individual Presentation 60 %
* Group Presentation 10 %

* Case Report 10 %

* Class Participation 10 %

* Assignment 10 %



* Yves Hilpisch (2020),
Artificial Intelligence in Finance: A Python-Based Guide,
O’Reilly Media.

Required Texts

https://www.amazon

OREILLY

Artificial

A Python-Based Guide

Intelligence
in Flnance

Yves Hilpisch

com/Artificial-Intelligen

F

e-Python

-Based-Guide/dp/1492055433
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Reference Books

Stefan Jansen (2020), Machine Learning for Algorithmic Trading: Predictive models to extract
signals from market and alternative data for systematic trading strategies with Python, 2nd
Edition, Packt Publishing.

Aurélien Géron (2022), Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFlow:
Concepts, Tools, and Techniques to Build Intelligent Systems, 3rd Edition, O’Reilly Media.

Hariom Tatsat, Sahil Puri, Brad Lookabaugh (2020), Machine Learning and Data Science Blueprints
for Finance: From Building Trading Strategies to Robo-Advisors Using Python, O'Reilly Media

Chris Kelliher (2022), Quantitative Finance With Python: A Practical Guide to Investment
Management, Trading, and Financial Engineering, Chapman and Hall/CRC.

Simon Thompson (2023), Green and Sustainable Finance: Principles and Practice in Banking,
Investment and Insurance, 2nd Edition, Kogan Page.

Cino Robin Castelli, Cyril Shmatov (2022), Quantitative Methods for ESG Finance, Wiley

Abdullah Karasan (2021), Machine Learning for Financial Risk Management with Python:
Algorithms for Modeling Risk, O’Reilly Media.

Yves Hilpisch (2018), Python for Finance: Mastering Data-Driven Finance, 2nd Edition, O'Reilly
Media.



Other References

* Paolo Sironi (2016), FinTech Innovation: From Robo-Advisors
to Goal Based Investing and Gamification, Wiley.

* Yves Hilpisch (2020), Financial Theory with Python: A Gentle
Introduction, O’Reilly Media.

* Yves Hilpisch (2020), Python for Algorithmic Trading: From
Idea to Cloud Deployment, O’Reilly Media.

* Yuxing Yan (2017), Python for Finance: Apply powerful
finance models and quantitative analysis with Python, Second
Edition, Packt Publishing.



Yves Hilpisch (2020),
Artificial Intelligence in Finance:

A Python-Based Guide,
O’Reilly

OREILLY"

Artificial
Intelligence
in Flnance

A Python-Based Guide

Yves Hilpisch

https://www.amazon.com/Artificial-Intelligence-Finance-Python-Based-Guide/dp/1492055433



https://www.amazon.com/Artificial-Intelligence-Finance-Python-Based-Guide/dp/1492055433

Yves Hilpisch (2020),
Python for Algorithmic Trading:

From Idea to Cloud Deployment,
O’Reilly

O'REILLY"

Python

for Algorithmic
Trading

From Idea to Cloud Deployment

Yves Hilpisch

https://www.amazon.com/Python-Algorithmic-Trading-Cloud-Deployment/dp/149205335X
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https://www.amazon.com/Python-Algorithmic-Trading-Cloud-Deployment/dp/149205335X

Yves Hilpisch (2021),
Financial Theory with Python:

A Gentle Introduction,
O’Reilly

OREILLY"

Financial Theory
with Python

A Gentle Introduction

Yves Hilpisch

https://www.amazon.com/Financial-Theory-Python-Gentle-Introduction/dp/1098104358
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https://www.amazon.com/Financial-Theory-Python-Gentle-Introduction/dp/1098104358

Stefan Jansen (2020),
Machine Learning for Algorithmic Trading:

Predictive models to extract signals from market and alternative data for systematic trading strategies
with Python, 2nd Edition,
Packt Publishing.

Machine Learning
for Algorithmic
Trading

Predictive models to extract signals from
market and alternative data for systematic
trading strategies with Python

Stefan Jansen POC'("')

https://www.amazon.com/Machine-Learning-Algorithmic-Trading-alternative/dp/1839217715/
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https://www.amazon.com/Machine-Learning-Algorithmic-Trading-alternative/dp/1839217715/

Chris Kelliher (2022),
Quantitative Finance With Python:

A Practical Guide to Investment Management, Trading, and Financial Engineering,
Chapman and Hall/CRC.

Chris Kelliher

Quantitative Finance
with Python

A Practical Guide to
Investment Management,
Trading, and Financial Engineering

(hapman & Hal/CRC FINANCIAL MATHEMATICS SERIES

https://www.amazon.com/Quantitative-Finance-Python-Engineering-Mathematics/dp/1032014431/
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https://www.amazon.com/Quantitative-Finance-Python-Engineering-Mathematics/dp/1032014431/

Simon Thompson (2023),
Green and Sustainable Finance:

Principles and Practice in Banking, Investment and Insurance, 2nd Edition,
Kogan Page

2ND EDITION Chartered Banker

i

GREEN A

SUSTAINABLE
FINANCE

PRINCIPLES AND PRACTICE IN
BANKING, INVESTMENT AND
INSURANCE

SIMON THOMPSON

https://www.amazon.com/Green-Sustainable-Finance-Principles-Investment/dp/1398609242/



https://www.amazon.com/Green-Sustainable-Finance-Principles-Investment/dp/1398609242/

Cino Robin Castelli, Cyril Shmatov (2022),

Quantitative Methods for ESG Finance,

Wiley

CYRIL SHMATOV
CINO ROBIN CASTELLI

QUANTITATIVE
METHODS FoR

ESG FINANCE

https://www.amazon.com/Quantitative-Methods-Finance-Robin-Castelli/dp/1119903807/
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https://www.amazon.com/Quantitative-Methods-Finance-Robin-Castelli/dp/1119903807/

Campbell R. Harvey, Ashwin Ramachandran, Joey Santoro, Fred Ehrsam (2021),

DeFi and the Future of Finance,
Wiley

CAMPBELL R. ASHWIN JOEY
HARVEY RAMACHANORANSSANTORO

DeFi

AND THE

Future
of Finance

froreworo 6y FRED EHRSAM

CO-FOUNDER OF PARADIGW AND COINEA

preface sy VITALIK BUTERIN

CO-FOUNDER OF ETHEREUM

WILEY

https://www.amazon.com/DeFi-Future-Finance-Campbell-Harvey-ebook/dp/B09DJV2QLC



https://www.amazon.com/DeFi-Future-Finance-Campbell-Harvey-ebook/dp/B09DJV2QLC

Yves Hilpisch (2018),

Python for Finance: Mastering Data-Driven Finance,
O'Reilly

OREILLY’

MASTERING DATA-DRIVEN FINANCE

Yves Hilpisch

https://www.amazon.com/Python-Finance-Mastering-Data-Driven/dp/1492024 333
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https://www.amazon.com/Python-Finance-Mastering-Data-Driven/dp/1492024333

Paolo Sironi (2016)

FinTech Innovation:

From Robo-Advisors to Goal Based Investing and Gamification,
Wiley

Wiley Finance Series” ¥

Innovation

From Robo-Advisors to Goal Based
Investing and Gamification

Source: https://www.amazon.com/FinTech-Innovation-Robo-Advisors-Investing-Gamification/dp/1119226988
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Doron Kliger and Gregory Gurevich (2014),
Event Studies for Financial Research:

A Comprehensive Guide,
Palgrave Macmillan

EVENT STUDIES
FOR FINANCIAL |
RESEARCH

-/'
' 4 \
/ \'
W | \
\ | |

DORON KLIGER AND GREGORY GUREVICH

Source: https://www.amazon.com/Event-Studies-Financial-Research-Comprehensive/dp/1137435380/
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Yuxing Yan (2017),
Python for Finance: Apply powerful finance models

and quantitative analysis with Python, second Edition,
Packt Publishing

Python
for Finance

Second Edition

Apply powerful finance models and quantitative analysis with Python

Source: https://www.amazon.com/Python-Finance-powerful-quantitative-analysis/dp/1787125696
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Artificial Intelligence

(Al)



Al, Big Data, Cloud Computing
Evolution of Decision Support,

Business Intelligence, and Analytics
Al

Al Cloud Computing Big Data
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The Rise of Al

Al is born Focus on specific intelligence

The Turing Test

* Expert systems & knowledge
* Neural networks conceptualized

L]

» Dartmouth College conference
¢ Information theory-digital signals * Optical character recognition
L]

Symbolic reasoning

Dartmouth conference Edward Feigenbaum

* Speech recognition

Focus on specific problems

Machine learning
Deep learning: pattern analysis & classification
Big data: large databases
Fast processors to crunch data
High-speed networks and connectivity

led by John McCarthy develops the first :
_coins the term ~ Expert System, IBM's Watson Q&A machine wins Jeopardy! ® 2016
“artificial intelligence" : giving rebirth to Al Apple integrates Siri, a personal voice ° b
: . ‘o X phaGo
1956 . 1975 - 1982 % assistant into the iPhone defeats Lee Sedol
2011 ¢ 2014
YouTube recognizes
2000 cats from videos
I i I I I I I I N
1950 1960 1970 1980 1990 2010 2020
(
° :
1964 : i 1997
Eliza, the first chatbot @ IBM's Deep Blue defeats

is developed by Joseph
Weizenbaum at MIT

Limited computer processing power ¢ Real-world problems are complicated
Limited database storage capacity e o Facial recognition, translation
Limited network ability © Combinatorial explosion

Al Winter |

Garry Kasparoy, the world's
reigning chess champion

* Disappointing results: failure to achieve scale
¢ Collapse of dedicated hardware vendors

Al Winter |l
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Definition
of
Artificial Intelligence
(A.l.)



Artificial Intelligence

“.. the science and

engineering
of
making

intelligent machines”
(John McCarthy, 1955)



Artificial Intelligence

“... technology that
thinks and acts
like humans”



Artificial Intelligence

“... intelligence
exhibited by machines
or software”



4 Approaches of Al

Thinking Humanly

Thinking Rationally

Acting Humanly

Acting Rationally

SSSSSS : Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson
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4 Approaches of Al

3.
2. . .
Thinking Humanly: Thinking Rationally:
.. The “Laws of Thought”
The Cognitive Approach
Modeling Approach
1. 4.
Acting Humanly: Acting Rationally:
The Turing Test The Rational Agent
Approach s Approach

SSSSSS : Stuart Russell and Peter Norvig (2020), Artificia

IIIIIII igence: A Modern Approach, 4th Edition, Pearson
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Al Acting Humanly:

The Turing Test Approach
(Alan Turing, 1950)

* Knowledge Representation
* Automated Reasoning
* Machine Learning (ML)
* Deep Learning (DL)
* Computer Vision (Image, Video)
* Natural Language Processing (NLP)
* Robotics

SSSSSS : Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson
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FinTech



Financial
Technology




FinTech
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Financial Technology
FinTech

“providing
financial services
by making use of

software and
modern technology”



Financial Revolution with Fintech

A financial services revolution

Consumer Trends

(Al
B1C]

1. Simplification 2. Transparency 3. Analytics 4. Reduced Friction




FinTech: Financial Services Innovation

N\arket Provisioning

Crypto P2P FX
Currency

Emerging Payment Rails

Mobile Money

Artificial Streamlined
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' Machine Machine
1

Leamning Readable News
1
Streamlined
Infrastructure
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Machines
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\

o Big Data
b Market Information

Platforms
New
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Automated Data
Collection & Analysis

Advanced
Algorithms
Cloud-

Computing  Capability

Sharing
Process

Externalisation

Automated Advice & Open Source
Management L
Empowered
Investors

Social
Trading

Retail Algorithmic
Trading
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FinTech:

Financial Services Innovation

1. Payments
2. Insurance
3. Deposits & Lending
4. Capital Raising
5. Investment Management
6. Market Provisioning



FinTech: Payment

- -
-
—_

P2P FX

Crypto
Currency

Emerging Payment Rails

Mobile Money
N N
\
/, D \
/
/ lntgﬁhr:ted Mobile \\
& g Payments Sy
/ \
Cashless World i
Artificial Streamlined
" Intelligence / Payments
' Machine Machine , s
: Learning Readable News 3 /
()] = Strategic Rolel,
c Streamlined Smarter, Faster &) ;J)a g
c Infrastructure Machines 354
O \
Ty \ Social Sentiment Y
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FinTech: Insurance

Sharing  Autonomous
Economy  Vehicles

Insurance Disaggregation

| Digital -
Distribution Securitization \
| and Hedge .
| Funds \
Internet of Advanced " . q
‘ Things Sensors \‘
Niche,
i Connected Insurance “ Specialized
e Computers ¥ J \
N \ ; X
\ ' ! \
| v |
----- \
\
R . Virtual
| \ Technologies
| \
~ '\ Mobile

Source: http://www3.weforum.org/docs/WEF_The_future__of financial_services.pdf
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FinTech: Deposits & Lending

Funds \
Internet of Advanced
Things Sensors \
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FinTech: Capital Raising

I

Virtual Exchanges

\ LTHIUINY : Shiting
|\ Customer
|| Alternative : Preferences
' Adjudication \
' I
Reduced =--- 2 \ : Third-
Intermediation ~ 3 Party
/ \\ I Apl
|
| ! /
\ & Smart Contracts I ,/
BB /
B //
i ] . ‘
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gl 5" !
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Diligence ' ,/77/.>onverme/lt/
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FinTech: Investment Management

> Market Information
Platforms

New
Market Platforms
Automated Data

l Advanced
: Collection & Analysis Algorithms
: Cloud-
Automation of Computing Capability
High-Value ,~ PN Pl Sharing
Activities . =
- Externalisation
\
\
Automated Advice & Open Source
Management I
Empowered
Investors

Social
Trading

Retail Algorithmic
Trading
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FinTech: Market Provisioning

warket Provisioning

/

I
I
I
I

|
Streamlined

Artificial
Intelligence /
Machine
Learning

Infrastructure

Automation of
High-Value ,~
Activities

Market Information
Platforms
New
Market Platforms

Automated Data
Collection & Analysis

legrated  ope %
9 Payments ¥
\
Cashless World
Streamlined
Payments

Machine
Readable News

. /
N\ /

5 Strategic Role

Smarter, Faster of Dt

Machines
Social Sentiment e
Big Data

Advanced
Algorithms

Cloud-
Computing Capability

B < Sharing
‘ Process

Externalisation
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Al
In
FinTech




FinBrain: when Finance meets Al 2.0

(Zheng et al.. 2019)

Wealth Smart customer

' Business securit ‘ Blockchain
Risk management y service

management

oo T o e e

TR NI et s

Financial
Intelligence
: Combinatorial : : " Face Speech
Algorithms - optimization recognition recognition
and models : :
Machine v Reinforcement Transfer Knowledge
learning P 9 learning learning graph
T
Financial
big data

Business platform (electricity | Government agencies (social security, Eandanatitons

Media websites : i = : : gy
! supplier, payment, financial |civil affairs, public security, industry and .
forums ... management ... ) commerce, taxation, court ...) (bank, insurance ...)

Source: Xiao-lin Zheng, Meng-ying Zhu, Qi-bing Li, Chao-chao Chen, and Yan-chao Tan (2019), "Finbrain: When finance meets Al 2.0."
Frontiers of Information Technology & Electronic Engineering 20, no. 7, pp. 914-924
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Al 2.0

a new generation of Al
based on the
novel information environment of
major changes and
the development of

hew goals.



Technology-driven
Financial Industry Development

Development | Driving Main landscape |Inclusive | Relationship

stage technology finance between
technology
and finance

Fintech 1.0 Computer Credit card, ATM, Low Technology as a

(financial IT) and CRMS tool

Fintech 2.0 Mobile Marketplace Medium Technology-

(Internet finance) Internet lending, third-party driven change

payment,

crowdfunding, and
Internet insurance

Fintech 3.0 Al, Big Data, Intelligent finance High Deep fusion
(financial Cloud
intelligence) Computing,

Blockchain



Deep learning for financial applications

- 20.0
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Deep learning for financial applications:
Topic-Feature Heatmap

price data -

technical indicator

index data

market characteristics
fundamental

market microstructure data
sentiment

text

news

company/personal financial data
macroeconomic data

risk measuring features
blockchain/cryptocurrency specific features
human inputs

35
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blockchain studies

financial sentiment

analysis
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Deep learning for financial applications

Topic-Dataset Heatmap

Stock Data
Index/ETF Data -
Cryptocurrency

35

Forex Data
Commodity Data

Options Data
Transaction Data

News Text

Tweet/microblog

Credit Data
Financial Reports

Consumer Data
Macroeconomic Data
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Stock Market Movement Forecast:
Phases of the stock market modeling

Data-sourcing Data Pre-Processing Modelling Evaluation
Blogs Word2vec
TF-IDF Deep Learning WM
Social Network
Accurac
- Notural Language Graph Models Ensemble i
Processing E>
Unstructured Inputs Decision Tree Fuzzy F-Measure
Economic Indicators ANN Genetic Algorithms
pCA Return
Market Information Rough Sets
Order Reduction

&

Technical Indicators

Structured Inputs
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Green Finance
and
Sustainable Finance




ToAplc

Evolution of Sustainable Finance Research

SDGs: SDGs

SUSta i na ble Develo pment Goa IS Innovative Financial Instrurr.\ent
Impact Investing

ESG: Environmental, Social, and Governance
CSR: Corporate Social Responsibility
Conscious Capitalism
Climate Financing
Carbon Financing
Green Financing
Ethical Investing
Socially Respcl)nsible Investing

1986

1995 2005 2015 2020



Al for
Environmental,
Social, and

Governance
(AI4ESG)



Al for

Social Good
(Al4SG)



Sustainability
SDGs

CSR

ESG




Sustainable Development Goals (SDGs)

NO IERO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION

il g

DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED 1 SUSTAINABLE CITIES 1 2 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION

P AND PRODUCTION
/~/|' (=)

1 CLIMATE 1 LIFE 1 5 LIFE 1 6 PEACE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS

INSTITUTIONS

o2 SuS ABLE
P v, AR
66

h 4

s

Source: https://sdgs.un.org/goals


https://sdgs.un.org/goals

Sustainable Development Goals (SDGs) and 5P

Partnership
Peace
Prosperity
People

Planet

Source: Folke, Carl, Reinette Biggs, Albert V. Norstrom, Belinda Reyers, and Johan Rockstrom. "Social-ecological resilience and biosphere-based sustainability science.”Ecology and Society 21, no. 3 (2016).
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Green Finance

Generic term
implying use or diversion
of financial resources
to deploy and support projects
with long term positive impact
on the environment



Sustainable Finance

Finances
deployed in support of projects
that ensure just, sustainable and
inclusive growth
or attainment of one or more
sustainable development goals



Carbon Finance

Financial instruments
based on
economic value of carbon emissions
which an organization cannot avoid but which
it offsets by funding other compensatory projects
that contribute to carbon emissions reduction
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Climate Finance

Finances deployed
in support of low carbon and
climate resilient projects
that help in climate change mitigation and
adaptation efforts,
particularly in the
energy and infrastructure sectors



ESG Investing

Investments considering the broad range of
environmental (e.g. climate change,
pollution biodiversity loss),
social (e.g. working conditions, human rights, salary or
compensation structures)
and governance (e.g. board composition, diversity and
inclusion, taxes)
characteristics of the projects or companies being invested in;
ethical and business sustainability considerations are
integral part of financing
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Impact Investing

Investing in projects
that solve a social or environmental problem;
the focus is on the positive impact
rather than the
means used to produce that impact



Dynamic Trends of Green Finance and Energy Policy

CiteSpace, v. 5.7.R2 ssnl-bllg
September 21, 2020 11:04:32 AM CST
WoS: ChUsers'w)mlcltespace'\green fin.
Timespan: 2008-2020 (Slice Length=1)

Selection Criteria: grindex (k=28), LRF=3 .0, LBY»8, e~
92 (Density=0.0114)

ance\Data
k: N=592, E=19

Largest CC: 412 (69%)

Nox Labeled: 1.0%

Weighted Mean Silhoustte S=0
Harmonic Mean(Q, Sp0.9141

P-4

Green Bonds

Government Subsidy

< Co2 emissions
/ Green paradox
- e 4

- | Greenbuilding |

| Green electricity |

Source: Wang, Moran, Xuerong Li, and Shouyang Wang. (2021) "Discovering research trends and opportunities of green finance and energy policy: A data-driven scientometric analysis." Energy Policy 154 (2021): 112295.



ESG:

Environmental

Social

Governa nce



CSR:
Corporate
Social
Responsibility




CLEAN WATER NO

ESG to 17 SDGs

ENVIRONMENT SOCIAL GOVERNANCE

GOOD HEALTH GENDER

AND SANITATION POVERTY AND WELL-BEING EQUALITY

14

o

1 CLIMATE QUALITY GENDER CLEAN WATER
ACTION EDUCATION EQUALITY AND SANITATION

&

LIFE DECENT WORK AND 10 REDUCED 16 PEACE, JUSTICE
BELOW WATER ECONOMIC GROWTH INEQUALITIES AND STRONG

o INSIHUII?.P;S

4€.> 1_

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

DECENT WORK AND
ECONOMIC GROWTH

i

1 CLIMATE
ACTION

&

17 PARTNERSHIPS
FOR THE GOALS

Source: Henrik Skaug Szetra (2021) "A Framework for Evaluating and Disclosing the ESG Related Impacts of Al with the SDGs." Sustainability 13, no. 15 (2021): 8503.
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ESG to 17 SDGs

B Environment ™ Social ™ Governance

1: End Poverty

2: Zero Hunger

3: Good Health and Well-Being

4: Quality Education

5: Gender Equality

6: Clean Water and Sanitation

7: Affordable and Clean Energy

8: Decent Work and Economic Growth

9: Industry, Innovation, and Infrastructure
10: Reduced Inequalities

11: Sustainable Cities and Communities
12: Responsible Consumption and Production
13: Climate Action

14: Life Below Water

15: Life on Land

16: Peace, Justice, and Strong Institutions
17: Partnerships for the Goals

Source: https://sustainometric.com/esg-to-sdgs-connected-paths-to-a-sustainable-future/



https://sustainometric.com/esg-to-sdgs-connected-paths-to-a-sustainable-future/

Generative Al
for
ESG Applications



Al and Sustainability Development Goals (SDGs)

SDGs 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
N o » 0] ® 5 5 0 Q 5 =
g | B (8Q| 2|9 |82/35|8F(32| % (82|23 2|5 |5 |2¢|3%
° S |29 | & S |20 |89 (|SQ|8c| & |32 @ | 3 =0 | o3
o Q Q = Q D> |l@ag|a®|aw c 30 T8 o) o o c 2|83
< 2 > < | 8 |25 |<e|32|55| 8 |E5|8S| 7@ | 2|2 (22|22
@ S ® ® o o ;é, S |=s5|&§-* n SO Ao °) T 9% |79
2 | @ ® | o | § [ = o |95 |25 5 |FE2|s5T5| a 2 > |26 =}
S S| § | 5 S 8|S233| 2 (8|25 5 | £ | @ = B
& O ® 3|0 ®o | o o | o 9 S 8
8 = | & = Qs g s | & = (38| > @ )
al| S Q Q [Fa 2 2 & 7 - S o
2 8 S| & ® c e
LA = o | @ 3 g =
1 5 g 3
Economic 8 ® ® o e
Ecological o o) o o e ° ®
Social e ® ° ® ® ® ® ® ® e
POSitive 0 0 0 v) v) [v) 1Y) 0 [v) [v) 0 0 v) v) v) 0, V)
impact of Al* 100%| 76% | 69% |10%0| 56% [100% |100% | 92% |(100% | 90% [100% | 82% | 80% | 90% [100% | 58% | 26%

Note: e adopted from Vinuesa et al. (2020), o added based on our analysis.
*The assessment of Al’s possible positive impact is based on a consensus-based expert elicitation process (Vinuesa et al., 2020).




Dimension Code characteristics
Primary Develop new (Al) Compare (Al) Apply (Al) Develop new Other objective
objective1 methods (717/95) | methods (39/95) | methods (63/95) system (20/95) (4/95)
Sustainability . . .
A I dimension Economic (23/95) Ecological (17/95) Social (72/95)
Sustainable SDG 1 SDG 2 SDG 3 SDG 4 SDG 5 SDG 6
Development (0/95) (2/95) (55/95) (6/95) (0/95) (0/95)
fo r Goals SDG 7 SDG 8 SDG 9 SDG 10 SDG 11 SDG 12
( s) (9/95) (7/95) (8/95) (1/95) (9/95) (8/95)
® om e SDG 13 SDG 14 SDG 15 SDG 16 SDG 17
Sustainabilit o o = g o
y Data source Reviews Social media/ Health records Environment/ Energy
Online forums Weather
(12/95) (31/95) (21/95) (10/95) (5/95)
‘E’Iit;"stiurce Single source (50/95) Multiple sources (44/95) N/A (1/95)
Data sensitivity Publicly available
data (64/95) Internal data (716/95) Other (11/95) N/A (9/95)
Manual labeling Yes (32/95) No (63/95)
Technology ML (91/95) NLP (42/95) CV (12/95) Other (21/95)
Type of learning . . . .
for ML approach Supervised learning (85/95) Unsupervised learning (23/95)
Neural vs. .
non-neural Non-neural (45/95) Neural (560/95) Deep learning (38/95)
Evaluation Technical evaluation (83/95) Domain evaluation (25/95)
Paradigm DSR/ADR (30/95) Non-DSR/ADR (64/95)
0-9 10-29 30-54 55-69 70-95
Notes: Code dimensions are not mutually exclusive; one article can be classified into one or more code characteristics; ' Compare’
does include ‘apply’.




Sustainable Productivity:
Finance ESG

SUSTAINABLE ~ _ F X E X S X G
PRODUCTIVITY INANCE NVIRONMENT OCIAL OVERNANCE
UsEe

DEVELOPMENT PRODUCTION

Marketing & Product SCM{& Produql:on Logistics Braduction Quality Sarvice
sales development purchasing planning assurance

F " Financial result Return on sales, profit,
INANCE Financial expense return on equityY
E Positive environmental contribution Management of energy,
NVIRONMENT Environmental impact waste, pollution water, ...
S Positive social contribution Equal opportunity,
OCIAL Social burden collaboration & safety, ...
G Positive governance contribution Compliance, shareholder
OVERNANCE Governance expense structure, innovation contribution, ...




Sustainable Resilient Manufacturing
ESG

et of Prodycy;
FINANCE e Uct/o,’ ENVIRONMENTAL
€ N sales Equity Emissions —] Reuse
snl ] revenue ratio r impact = quota
{é@ Value creation Compensation
=0 [ per employee measures
GOVERNANCE =+~ SOCIAL
&Y. Innovation 1P  Renumeration 91P  Gender Long-term
" capability @ structures @ equality db view

Integration &

3 Working conditions in the
value chain [%T-’[% collaboration

Source: Huang, Ziqi, Yang Shen, Jiayi Li, Marcel Fey, and Christian Brecher (2021). "A survey on Al-driven digital twins in Industry 4.0: Smart manufacturing and advanced robotics." Sensors 21, no. 19: 6340. 83



ESG Indexes

*MSCI ESG Index
*Dow Jones Sustainability Indices (DJSI)
*FTSE ESG Index



MSCI ESG Rating Framework

@@ DATA

1,000+ data points on ESG policies, programs, and performance;

Data on 100,000 individual directors; up to 20 years of shareholder meeting
results

DI] EXPOSURE METRICS |MANAGEMENT METRICS

How exposed is the company How is the company managing
to each material issue? each material issue?

Based on over 80 business 150 policy/program metrics, 20
and geographic segment performance metrics;
metrics 100+ Governance Key Metrics

D
INSIGHT

Specialized ESG research
team provides additional

SOURCES

100+ specialized datasets
(government, NGO, models)

Company disclosure (10K, insight through:
sustainability report, proxy report) Company reports
3,400+ media sources monitored Industry reports
daily (global and local news Thematic reports

sources, governments, NGOs)

MONITORING &

QUALITY REVIEW

Systematic, ongoing daily monitoring of
controversies and governance events
In-depth quality review processes at all
stages of rating, including formal
committee review

Analyst calls & webinars

DATA OUTPUTS ||=§

Access to selected underlying data

Ratings, scores, and weights on
680,000 securities

17 years of history
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MSCI ESG Key Issue Hierarchy

3 Pillars

Environment

10 Themes
Climate Change

35 ESG Key Issues

Carbon Emissions

Product Carbon Footprint

Financing Environmental Impact

Climate Change Vulnerability

Natural Capital

Water Stress
Biodiversity & Land Use

Raw Material Sourcing

Pollution & Toxic Emissions & Waste Electronic Waste
Waste Packaging Material & Waste
Environmental Opportunities in Clean Tech Opportunities in Renewable

Opportunities

Opportunities in Green Building

Energy

Social Human Capital Labor Management Human Capital Development
Health & Safety Supply Chain Labor Standards
Product Liability Product Safety & Quality Privacy & Data Security
Chemical Safety Responsible Investment
Consumer Financial Protection Health & Demographic Risk
Stakeholder Controversial Sourcing
Opposition Community Relations
Social Access to Communications Access to Health Care
Opportunities Access to Finance Opportunities in Nutrition &
Health
Governance Corporate Ownership & Control Pay
Governance Board Accounting
Corporate Business Ethics
Behavior Tax Transparency
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MSCI Governance Model Structure

Governance
Corporate Governance Corporate
Behavior
=" =

Data
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o .=
:Q—'
o
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=8
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o ©
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O ®
==
QA
=%
>
L O
<5
£ o
O c
o
)
c X
.9°>9
S
3 <
QS
09




MSCI Hierarchy of ESG Scores

ESG Letter Rating

(AAA-CCC)

Pre-set score-to-letter-rating matrix

Final Industry
Adjusted Score (0-10)

Adjusted relative to Industry Peers, Exceptional overrides

Weighted Average Key
Issue Score (0-10)

Weighted average of underlying pillar scores

Environment Pillar Social Pillar
Score (0-10)

Governance Pillar
Score (0-10)

Score (0-10)
Each pillar is organized into underlying themes;
Environmental and Social Pillar and Theme Scores derive from Deduction-based scoring
the weighted average of underlying Issue scores model applied

Environmental Key Social Key Issue
Issue Scores (0-10)

Governance Key Issue

Scores (0-10) Scores (0-10)

Key Metrics:

Indicators: Indicators: Indicators: Indicators: Ownership Characteristics;

Business Strategy Business Strategy Board & Committee
Segments; Programs & Segments; Programs & Composition;
Geographic Initiatives Geographic Initiatives Pay Figures;
Segments; Performance Segments; Performance Accounting Metrics;
Co-specific Controversies Co-specific Controversies Policies & Practices
indicators indicators Business & Geographic

Segments; Controversies

Raw Data
Company financial and sustainability disclosure, specialized government & academic data sets, media searches, etc.



DJSI S&P Global ESG Score

8,000

Companies

90%

Global market
capitalization

\W
@%‘ i ¢ QO

340,000+

Current Research Universe
and Active Securities

§

@& S&P GLOBAL
% ESG SCORE
W

SociaL \

Approx.

1,000

Datapoints

130+
30+

Criteria scores

Assessed values, text,
checkboxes, documents

Sources: Web-based questionnaire

and company documents

Weighted
data point scores

Up to 50% industry-specific

Weighted
question scores
61industry specific approaches,

with tailored questions, criteria
and related weightings

3

Dimension scores

Weighted
criteria scores

Adjusted for corporate ESG
controversies where applicable

S&P Global
ESG Score

Sum of weighted
dimension scores

89



FTSE Russell ESG Ratings

Tax
Transparency
Biodiversity
Risk
Management

Corporate Pollution &
Governance Resources

Corruption Security

Customer
Standards Responsibility

Human Rights
& Community

SUpp,y Chain: Soc\a\
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wmames Sustainalytics
ESG Risk Ratings

Sustainalytics’ ESG Risk Ratings measure a company’s
exposure to industry-specific material ESG risks and
how well a company is managing those risks.

Negligible Low Medium High Severe

0-10 10 - 20 20 - 30 30-40 40+
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TruValue Labs i o-base
FACTSET Truvalue
ESG Ranks

* Truvalue Labs applies Al to analyze over 100,000 sources and uncover
ESG risks and opportunities hidden in unstructured text.

* The ESG Ranks data service produces an overall company rank based on
industry percentile leveraging the 26 ESG categories defined by the
Sustainability Accounting Standards Board (SASB).

* The data feed covers 20,000+ companies with more than 13 years of
history.
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Analyst-driven vs. Al-driven ESG

Analyst-driven ESG research
Derives ratings in a structured data model

Sustainalytics

Analyst role at the end of
Collect Process Analyze Generate th I
data data data score/rating = p i o?e.ss QHOWS
subjectivity to color
| ' ) Y ' results

DATA MINERS & TECHNOLOGY ANALYSTS

Al-driven ESG research
Derives signals from unstructured data Truvalue LabS

Develop Extract Analyze Generate
algorithms signals data score/rating
\ J |\ )
I ||

ANALYSTS & ENGINEERS TECHNOLOGY

Analyst expertise at the
beginning of the process
produces consistent
results
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A n a IySt b a Se d Analyst Based ESG Research

E S G R I Collect Data Analyze Data Generate score rating
N J N
Y

Y
Raw data sources Analysts

and tools

Applying Al to ESG Research

A I b a S e d Analyze data and Review and

Develop algorithms Extract signals uncover material determine
impact investment decision
ESG Research * - ;N /
Y Y Y
Analysts and Technology Analysts
Engineers

It would take an analyst over 5 years to do what our Al can in 1 week
Combining analysts with Al creates gives you the full picture

>

ANALYTICS

Invest where it matters.




ESG Analytics: NLP Taxonomy

—4@ Climate Change @ 5 subtopics
—4) Environmental ———@) Sustainability @ 3 subtopics
—@ Biodiversity & Water @ 3 subtopics
—4) Health & Safety @ :subtopics
Eifé}:;?'ﬁ:; .7—. Social ——. Employee Standards . & subtapics
. Community .
Responsibility @ 7 subtopics
——4@) Human Rights @ 5 subtopics
Leadership & \
—. Management . 4 subtapics
Business .
@ Governance —— @ Innovatiorn @ 3 subtopics
—@ Outside Activities . 4 subtaopics
—@ Business Ethics @ 4 subtopics

ANALYTICS



Top
ESG Reporting
Software

Environmental, Social and
Governance (ESG) Reporting
software or Sustainability
software helps organizations
manage their operational
data, evaluate their impact on
the environment and provide
reporting to perform audits.

9.4

PRODUCT FEATURES AND SATISFACTION

70

@ EMITWISE
— EHS INSIGHT
ENERGYCAP ‘
FIGBYTES
ENVIZI
envizi o [r—
SERVICENOW ESG MANAGEMENT
DILIGENT SUSTAINABILITY REPORTING SOFTWARE
w
WORKIVA ESG

ES? BENCHMARK ESG REPORTING

~ ESP CSR

&

ECOMETRICA SUSTAINABILITY REPORTING

VENDOR EXPERIENCE AND CAPABILITIES
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ESG Reporting Software: Emitwise

* Emitwise is the carbon management platform for companies with complex
manufacturing supply chains to confidently understand, track and reduce their
complete carbon footprint.

* Combining 100 years of carbon accounting experience and machine learning
technology, we accelerate climate action by increasing the accuracy of scope 3
emissions.

* The platform empowers manufacturers and their supply chains to make carbon-led
business decisions that lower risk, increase profitability and deliver ambitious climate

" 9.2 9.3 +99 94%

COMPOSITE CXSCORE EMOTIONAL LIKELINESS TO
SCORE FOOTPRINT RECOMMEND
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ESG Reporting Software: Workiva ESG

* Workiva is a cloud native platform that simplifies the complexities of reporting and
compliance.

* Workiva ESG is the end-to-end platform that allows you to integrate financial data,
nonfinancial data, and XBRL.

* Workiva, the platform that streamlines your entire ESG process.

* Automate data collection, utilize frameworks, and directly connect to all your ESG
reports. in meaningful glossy reports, accurate survey responses, and regulatory
filings with integrated XBRL tagging.

8.4 8.7 +92 89%

COMPOSITE CX SCORE EMOTIONAL LIKELINESS TO
SCORE FOOTPRINT RECOMMEND
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The Quant Finance PyData Stack

@ PyThalesians  zj,jine DX Analytics

PyAlgoTrade
QuantLib

Quantopian

Network,X

\L‘* Fymlas
gy gk

. scikits-image
w image processing in python

% matplotlib pandas w; i

Yie =8 my+p; +e
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Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O’Reilly

& yhilpisch / aiif = Public

https://github.com/yhilpisch/aiif

<>Code () Issues 19 Pull requests (® Actions

# main ~ ¥ 1branch © 0tags

yves Code updates for TF 2.3.

code
.gitignore

LICENSE.txt

O O OB

README.md

README.md

Artificial Intelligence in Finance

About this Repository

Code updates for TF 2.3.

Code updates for TF 2.3.

Code updates.

Code updates.

[M1] Projects

0J wiki @) Security [~ Insights

Gotorie

334251 on Dec 8, 2020 ‘O 4 commits

11 months ago
11 months ago
11 months ago

11 months ago

This repository provides Python code and Jupyter Notebooks accompanying the Artificial Intelligence in

Finance book published by O'Reilly.

O'REILLY"

https://github.com/yhilpisch/aiif

L\ Notifications Y7 Star 98 % Fork 77

About

Jupyter Notebooks and code for the book
Artificial Intelligence in Finance (O'Reilly) by
Yves Hilpisch.

& home.tpq.io/books/aiif

0 Readme
83 View license OREILLY"
L] L]
Artificial
Releases Intelllgence
No releases published In FI na nce
A Python-Based Guide 2
Packages
No packages published
Languages Yves Hilpisch

»
® Jupyter Notebook 97.4% ® Python 2.6%
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OREILLY"

oanda Code updates for TF 2.3.

. °
01_artificial_intelligence.ipynb Code updates for TF 2.3. Artlﬁ C l a I
02_superintelligence.ipynb Code updates for TF 2.3. I ntel I Ig e n Ce
03_normative_finance.ipynb Code updates for TF 2.3. I n Fl nq n Ce

O
]
0O
]
3 04_data_driven_finance_a.ipynb Initial commit. A Python-Based Guide
[ 04_data_driven_finance_b.ipynb Initial commit.
[ 05_machine_learning.ipynb Code updates for TF 2.3.
Y 06_ai_first_finance.ipynb Code updates for TF 2.3.
Y 07_dense_networks.ipynb Code updates for TF 2.3.
3 08_recurrent_networks.ipynb Code updates for TF 2.3.
M 09_reinforcement_learning_a.ipynb Code updates.
Yves Hilpisch
% 09_reinforcement_learning_b.ipynb Code updates for TF 2.3.

https://github.com/yhilpisch/aiif/tree/main/code 101
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Python in Google Colab (Python101)

https://colab.research.google.com/drive/1FEG6DnGvwfUbeo4zJ1zTuniMgf2RkCrT

0 python101.ipynb - Colaborator X +

& C & https://colab.research.google.com/drive/1FEG6DNnGvwfUbeo4zJ1zTunjMqf2RkCrT?authuser=2#scrollTo=wsh36fLxDKC3 w @ :
& python101.ipynb ¢
CO pyt Py Bl COMMENT &% SHARE o
File Edit View Insert Runtime Tools Help
CODE TEXT 4 CELL ¥ CELL / CONNECTED ¥ 2 EDITING A
# Future Value “
° pv = 100

r
n
fv = pv * ((1 + (r)) ** n)
print(round(fv, 2))

[11] 1 amount =
2 interest
3 years = 7
4
5 future_value = amount * ((1 + (0.01 * interest)) ** years)
6 print(round(future_value, 2))

100
= 10 #10% = 0.01 * 10

> 194.87

[12] 1 # Python Function def
2 def getfv(pv, r, n):
3 fv = pv * ((1 + (r)) ** n)
4 return fv
5 fv = getfv(100, 0.1, 7).
6 print(round(fv, 2))

D> 194.87

[13] 1 # Python if else
2 score = 80
3 if score >=60 :

4 print("Pass")

5 else:

6 print("Fail"),
[»> Pass

https://tinyurl.com/aintpupython101 102
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<>

Python in Google Colab (Python101)

https://colab.research.google.com/drive/1FEG6DnGvwfUbeo4zJ1zTuniMgf2RkCrT

& python10lipynb

File Edit View Insert Runtime Tools Help Allchanges saved

Table of contents X

Al in Finance

Normative Finance and
Financial Theories

Uncertainty and Risk

Expected Utility
Theory (EUT)

Mean-Variance
Portfolio Theory
(MVPT)

Capital Asset Pricing
Model (CAPM)

Arbitrage Pricing
Theory (APT)

Deep Learning for Financial
Time Series Forecasting

Portfolio Optimization and
Algorithmic Trading

Investment Portfolio
Optimisation with
Python

Efficient Frontier
Portfolio Optimisation in
Python

Investment Portfolio
Optimization

+ Code

+ Text

~ Al in Finance

B Comment &% Share £t o

v

RAM 1

Disk mum 1 ~ ¢ Editing

» Source: Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O'Reilly Media.
 Github: https:/github.com/yhilpisch/aiif/

v Normative Finance and Financial Theories

v Uncertainty and Risk

7 0

1 import numpy as np

2

3 #The prices of the stock and bond today.
4 S0 = 10

5 B0 = 10

6 print('S0', SO0)

7 print('S0', SO)

8

9 #The uncertain payoff of the stock and bond tomorrow.
10 S1 = np.array((20, 5))
11 Bl = np.array((11, 11))
12 print('S1', S1)

13 print('B1', Bl)

14

15 #The market price vector
16 M0 = np.array( (S0, BO))

https://tinyurl.com/aintpupython101

TNV BREE

A
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Python in Google Colab (Python101)

& python101lipynb ¢
File Edit View

Table of contents

Data Driven Finance

Financial Econometrics and
Regression

Data Availability
Normative Theories Revisited
Mean-Variance Portfolio Theory
Capital Asset Pricing Model
Arbitrage-Pricing Theory
Debunking Central Assumptions
Normality
Sample Data Sets
Real Financial Returns
Linear Relationships

Deep Learning for Financial Time Series
Forecasting

Portfolio Optimization and Algorithmic
Trading

Investment Portfolio Optimisation
with Python

Efficient Frontier Portfolio
Optimisation in Python

Investment Portfolio Optimization

X

Insert Runtime Tools Help All changes saved

+ Code + Text

~ Data Driven Finance

~ Financial Econometrics and Regression

v [18] 1 import numpy as np
2
3 def f£(x):
4 return 2 + 1 / 2 * x
5
6 Xx = np.arange(-4, 5)
7 x
array([-4, -3, -2, -1, O, 1, 2, 3, 4])
v @ 1y-=f(x)
2y
> array([ 0.00, 0.50, 1.00, 1.50, 2.00, 2.50, 3.00,

7 0

IIprint (¢ xyex:)

2

3 print('y', y)

4

5 beta = np.cov(x, y, ddof=0)[0, 1] / x.var()

6 print('beta', beta)

https://tinyurl.com/aintpupython101
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Python in Google Colab (Python101)

& python101lipynb

File Edit View Insert Runtime Tools Help All changes saved

B Comment &\ Share £ 0

RAM 1

+ Code + Text : v * Editi
‘= Table of contents X oce & ¥ Disk - g g | B
Financial Econometrics and . " r*NeoBR /DT
Q Regression Machine Learning o

Data Availability

2 Normative Theories Revisited
, . ~ Data
) Mean-Variance Portfolio Theory
Capital Asset Pricing Model
v .
O Arbitrage-Pricing Theory ° 1 import numpy as np
2 import pandas as pd
Debunking Central Assumptions 3 from pylab import plt, mpl
Normality 4 np.random.seed(100)
5 plt.style.use( 'seaborn')
Sample Data Sets 6 mpl.rcParams|[ 'savefig.dpi'] = 300
. . 7 mpl.rcParams[ 'font.family'] = 'serif'
Real Financial Returns g E L v
Linear Relationships 9 url = 'http://hilpisch.com/aiif eikon eod data.csv'
10
Flnanglal Econometrics and Machine 11 raw = pd.read csv(url, index col=0, parse_dates=True)[ 'EUR=']
Learning i s =
12 raw.head()
Machine Learning
[> Date
Data 2010-01-01 1.4323
- 2010-01-04 1.4411
2010-01-05 1.4368
Capacrty 2010-01-06 1.4412
2010-01-07 1.4318
Evaluation Name: EUR=, dtype: float64
Bias & Variance
= Cross-Validation v [2] 1 raw.tail()
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Mean-Variance Portfolio Theory

Capital Asset Pricing Model
< Arbitrage-Pricing Theory
Debunking Central Assumptions
{x} Normality

Sample Data Sets

Real Financial Returns

Linear Relationships

Financial Econometrics and Machine
Learning

Machine Learning

Data

Success

Capacity

Evaluation

Bias & Variance

Cross-Validation
Al-First Finance

Efficient Markets

Market Prediction Based on Returns
Data

Market Prediction With More
Features

= Market Prediction Intraday

X

+ Code

+ Text

v Efficient Markets

import numpy as np

import pandas as pd

from pylab import plt, mpl

plt.style.use( 'seaborn')

mpl.rcParams| 'savefig.dpi'] = 300

mpl.rcParams| 'font.family'] = 'serif'
pd.set_option('precision’', 4)
np.set_printoptions(suppress=True, precision=4)

O W oo O, WN

url = 'http://hilpisch.com/aiif eikon eod data.csv'
11 data = pd.read csv(url, index col=0, parse_dates=True).dropna()
12 (data / data.iloc[0]).plot(figsize=(10, 6), cmap='coolwarm')

<matplotlib.axes._subplots.AxesSubplot at 0x7£29£972£210>

—— AAPLO
—— MSFT.O
—— INTC.O
AMZN.O
12 GS.N
SPY
SPX
10 VIX
EUR=
XAU=
GDX
GLD
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‘= Table of contents X +oote & Jent SESE e ~
5 Deep Learning (DL) in Finance - Deep Learning (DL) in Finance TV eoB /T
Dense Neural Networks
o (DNN)  Source: Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O'Reilly Media.
Baseline Prediction ¢ Github: https:/github.com/yhilpisch/aiif/
{x} Normalization
- Cropout ~ Dense Neural Networks (DNN)

Regularization

Bagging
©

1 import os
Optimizers 2 import numpy as np
Recurrent Neural Networks S EpOCL pandés e pd
(RNN) 4 from pylab import plt, mpl
5 plt.style.use( 'seaborn')
First Example 6 mpl.rcParams[ 'savefig.dpi'] = 300
7 . ' % ] ' = ' $ A
Second Example mpl rcParalrls[ font falfllly ] serif
8 pd.set_option('precision', 4)
Financial Price Series 9 np.set_printoptions(suppress=True, precision=4)
. . . 10 os.environ[ 'PYTHONHASHSEED'] = '0'
Financial Return Series
Financial Features . . . i
[ 1 1 url = 'http://hilpisch.com/aiif eikon id eur usd.csv'
Deep RNNs 2 symbol = 'EUR_USD'
ConvelatohalNEiin 3 raw = pd.read_csv(url, index col=0, parse_dates=True)
4 raw.head()

Networks (CNN)

Reinforcement Learning (RL) in HIGH LOW OPEN CLOSE
Finance
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riarivial rcawuicy

~ Reinforcement Learning (RL) in Finance tveB8/0 08

Q Deep RNNs
Convolutional Neural « Source: Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O'Reilly Media.
<> Networks (CNN)

e Github: https://github.com/yhilpisch/aiif/

Reinforcement Learning (RL) in

{x} Finance

Reinforcement Leaming (RL)  + Reinforcement Learning (RL)

O ;
CartPole Environment
Dimensionality :
Reduction ° . %mport os
2 import math
Action Rule 3 import random
4 i t
Total Reward per : %mport numiy = d
Episode import pan és as p
6 from pylab import plt, mpl
Simple Learning 7 plt.style.use( 'seaborn')
8 mpl.rcParams|[ 'savefig.dpi'] = 300
Testing the Results - [, boui p ] : S
9 mpl.rcParams[ 'font.family'] = 'serif
DNN Learning 10 np.set_printoptions(precision=4, suppress=True)
. 11 os.environ[ 'PYTHONHASHSEED'] = '0'
Q Learning
Finance Environment
: v CartPole Environment
Improved Finance
Environment
Improved Financial QL [ 1 1 import gym
= Agent 2
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Q Vectorized Backtesting

<> Backtesting an SMA-
Based Strategy

{x) Backtesting a Daily DNN-
Based Strategy

- Backtesting an Intraday

DNN-Based Strategy
Risk Management

Trading Bot

Vectorized Backtesting

Event-Based Backtesting

Assessing Risk

Backtesting Risk
Measures

Stop Loss
Trailing Stop Loss
Take Profit
Combinations

= Backtesting Cryptocurrency
Bitcoin

RAM ™

+ Code + Text v Disk W

ah Share £ o
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~ Algorithmic Trading

» Source: Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O'Reilly Media.
» Github: https:/github.com/yhilpisch/aiif/

~ Vectorized Backtesting

import os

import math

import numpy as np

import pandas as pd

from pylab import plt, mpl

plt.style.use( 'seaborn')

mpl.rcParams|[ 'savefig.dpi'] = 300

mpl.rcParams[ 'font.family'] = 'serif'
pd.set_option('mode.chained_assignment', None)

0 o LW

O

10 pd.set_option('display.float_format', '{:.4f}'.format)
11 np.set_printoptions(suppress=True, precision=4)
12 os.environ[ 'PYTHONHASHSEED'] = '0'

v Backtesting an SMA-Based Strategy
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Algorithmic Trading

Vectorized Backtesting

Backtesting an SMA-
Based Strategy

Backtesting a Daily DNN-
Based Strategy

Backtesting an Intraday
DNN-Based Strategy

Risk Management
Trading Bot
Vectorized Backtesting
Event-Based Backtesting
Assessing Risk

Backtesting Risk
Measures

Stop Loss
Trailing Stop Loss
Take Profit
Combinations

Backtesting Cryptocurrency
Bitcoin

+ Code

+ Text

~ Vectorized Backtesting

Vv
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RAM W
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A

import os

import math

import numpy as np

import pandas as pd

from pylab import plt, mpl
plt.style.use('seaborn')

mpl.rcParams[ 'savefig.dpi'] = 300

mpl.rcParams[ 'font.family'] = 'serif'
pd.set_option('mode.chained assignment', None)
pd.set_option('display.float _format', '{:.4f}'.format)
np.set_printoptions(suppress=True, precision=4)
os.environ[ 'PYTHONHASHSEED'] = '0'

0 N o U1 W N

[ g Sy
N = O W

v Backtesting an SMA-Based Strategy

[

]

1 url = 'http://hilpisch.com/aiif eikon eod data.csv'

2 symbol = 'EUR='

3 data = pd.DataFrame(pd.read csv(url, index col=0,

4 parse_dates=True).dropna()[symbol])
5 data.info()

https://tinyurl.com/aintpupython101

110


https://tinyurl.com/aintpupython101

Python in Google Colab (Python101)

& python101lipynb ¢

B comment
File Edit View Insert Runtime Tools Help All changes saved
RAM W
+ Code + Text s
‘= Table of contents X Disk
Algorithmic Trading

1 data['r'] = ad dat 1] / dat 1].shift(1
- Vectorized Backtesting b et | r.‘p Og(_a alaysboll atalaymbotl-snsceLl)

2 data.dropna(inplace=True)
3N Backtesting an SMA- 3 data['s'] = data['p'] * data['r’]

Based Strategy 4 data[['r', 's']].sum().apply(np.exp) # gross performance

5 data[['r', 's']].sum().apply(np.exp) - 1 # net performance

{x} g:;le(zjegii:;?eag)?a"y DNN- 6 data[['r', 's']].cumsum().apply(np.exp).plot(figsize=(10, 6))
- Backtesting an Intraday <matplotlib.axes._ subplots.AxesSubplot at 0x7f£d9f404fed0>
DNN-Based Strategy o
Risk Management 14 AN
Trading Bot

1.3
Vectorized Backtesting

Event-Based Backtesting e

Assessing Risk 11

Backtesting Risk ' ’.
Measures 1.0
Stop Loss
0.9

Trailing Stop Loss
Take Profit e

- A v V> o A2 A "
Combinations » » » » » D » » 5

Date
= Backtesting Cryptocurrency
Bitcoin
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= Table of contents X Disk I / :
Algorithmic Trading ° 1 test['s '] = np.where(test['p'].diff() != 0,
% Vectorized Backtesting . test['s’] - pc, test['s’])
3 # test['s_"].iloc[0] -= pc
<> Backtesting an SMA- 4 test['s_'].iloc[-1] -= pc
Based Strategy 5 test[['r', 's', 's_'l].sum().apply(np.exp)
@) Backtesting a Daily DNN- 6 test[['r', 's', 's_']]l.sum().apply(np.exp) - 1 .
Based Strategy 7 test[['r', 's', 's_']].cumsum().apply(np.exp).plot(figsize=(10, 6))
0 Backtesting an Intraday [»> <matplotlib.axes._subplots.AxesSubplot at 0x7£d901d489910>
DNN-Based Strategy
.
Risk Management 13 B :
Trading Bot
Vectorized Backtesting -
Event-Based Backtesting
Assessing Risk
1.1
Backtesting Risk
Measures
Stop Loss 1.0
Trailing Stop Loss
Take Profit 0.9
Combinations : 0\‘5”\ _ Q\%'OA ' ‘0\%'0..‘ ’ 0\9@ ’ 0\9-"\ . ‘O\w“k , Vo\w‘{' o e
= Backtesting Cryptocurrency Date

Bitcoin
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Algorithmic Trading r*r NV e B /2N E
Q Vectorized Backtesting + Risk Management
> Backtesting an SMA-
Based Strategy
_ . (] 1 import os
{x} Back‘;e;tlngaDally DNN- 2 import numpy as np
Based Strategy 3 import pandas as pd
o Backtesting an Intraday 4 from pylab import plt, mpl
DNN-Based Strategy 5 plt.style.use( 'seaborn')
: 6 mpl.rcParams[ 'savefig.dpi'] = 300
Risk Management 7 mpl.rcParams[ 'font.family'] = 'serif'
Trading Bot 8 pd.set_option('mode.chained assignment', None)
9 pd.set_option('display.float format', '{:.4f}'.format)
Vectorized Backtesting 10 np.set_printoptions(suppress=True, precision=4)
Event-Based Backtesting 11 os.environ[ 'PYTHONHASHSEED'] = '0'
Assessing Risk
Backtesting Risk ~ Trading Bot
Measures
Stop Loss ] 1 # import finance
Trailing Stop Loss 2 # finance.py
3 # Finance Environment
Take Profit
4 #
Combinations 5# (c) Dr. Yves J. Hilpisch
6 # Artificial Intelligence in Finance
= Backtesting Cryptocurrency 7 #

Bitcoin
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Q Vectorized Backtesting

<> Backtesting an SMA-
Based Strategy

{x} Backtesting a Daily DNN-
Based Strategy

0 Backtesting an Intraday

DNN-Based Strategy
Risk Management

Trading Bot

Vectorized Backtesting

Event-Based Backtesting

Assessing Risk

Backtesting Risk
Measures

Stop Loss
Trailing Stop Loss
Take Profit
Combinations

= Backtesting Cryptocurrency
Bitcoin
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1 #import backtesting as bt
2

3 # backtesting.py

4 # Event-Based Backtesting
5 # --Base Class (1)

6 #

7 # (c) Dr. Yves J. Hilpisch
8 # Artificial Intelligence in Finance
9 #
10
11 class BacktestingBase:

12 def init (self, env, model, amount, ptc, ftc, verbose=False):
13 self.env = env

14 self.model = model

15 self.initial_amount = amount

16 self.current_balance = amount

17 self.ptc = ptc

18 self.ftc = ftc

19 self.verbose = verbose

20 self.units = 0

21 self.trades = 0

22

23 def get_date_price(self, bar):

24 ''' Returns date and price for a given bar.

e 2~ '
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‘= Table of contents X Disk 4
Algorithmic Trading v Combinations rNveoB/2MNF
Q Vectorized Backtesting
< Backtesting an SMA- ° 1 tb.backtest_strategy(sl=0.015, tslfNone,
{x} Backtesting a Daily DNN- S
Based Strategy 2018-01-17 | *** START BACKTEST ***
- Backtesting an Intraday 2018-01-17 | current balance = 10000.00
DNN-Based Strategy 0 0 __
Trading Bot *%%* STOP LOSS (SHORT | -0.0152) *%*%
Vectorized Backtesting *%* TAKE PROFIT (SHORT | 0.0189) ***
Event-Based Backtesting =~ = TTTTTTT T T T T e e e e e e e
*%% TAKE PROFIT (SHORT | 0.0219) *xx*
Assessing Risk e e
) ) *%% TAKE PROFIT (SHORT | 0.0192) **x*
BacktestingRisk = || 00 esssesssemccscas ol s s s s s s o
Measures **%* STOP LOSS (LONG | -0.0154) %
StopLoss ~  TETTTmmTETmmmmmommmomoommoommmmmmmmmmmmmmmmmmm T
*%% TAKE PROFIT (SHORT | 0.0214) *xx*
TrailingStoplloss: [ = = ===rmrmmsmsecccscccsccsescsnces s s e s s s e e e e e n—-
**%%* STOP LOSS (SHORT | -0.0158) **x
Take Profit
- *%* TAKE PROFIT (SHORT | 0.0223) *%x*
Combinations
= Backtesting Cryptocurrency **%% STOP LOSS (SHORT | -0.0162) ***

Bitcoin
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 Financial Functions (ffn): https:/pmorissette.github.io/ffn/
» backtesting.py: https://kernc.github.io/backtesting.py/
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17
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21

!pip install fin

import fin

import plotly.express as px
$pylab inline

#BTC-USD Bitcoin USD

df = fin.get('btc-usd', start='2016-01-01', end='2021-12-31")

print('df"')
print(df.head())
print(df.tail())
print(df.describe())
df.plot (figsize=(14,10))

returns = df.to_returns().dropna()
print('returns')
print(returns.head())
print(returns.tail())
print(returns.describe())

#ax = df.plot(figsize=(12,9))

perf = df.calc_stats()
verf.nlot(fiasize=(14. 10))
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National Taipei University

* Artificial Intelligence in Finance and Quantitative
* Fall 2021, Fall 2022, Fall 2023

* Artificial Intelligence for Text Analytics
* Spring 2022, Fall 2023
* Big Data Analytics
* Fall 2020, Spring 2023
e Software Engineering
 Fall 2020, Fall, 2021, Spring 2022, Spring 2023

Artificial Intelligence

* Spring 2021, Fall 2022
Data Mining

* Spring 2021
Foundation of Business Cloud Computing

* Spring 2021, Spring 2022, Spring 2023
Python for Accounting Applications

* Fall 2023
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National Taipei University

1.

Applying Al technology to construct knowledge graphs of cryptocurrency anti-money laundering: a few-shot learning
model

 MOST, 110-2410-H-305-013-MY2, 2021/08/01~2023/07/31

Fintech Green Finance for Carbon Market Index, Corporate Finance, and Environmental Policies. Carbon Emission
Sentiment Index with Al Text Analytics

* NTPU, 112-NTPU_ORDA-F-003 - 2023/01/01~2024/12/31

Digital Support, Unimpeded Communication: The Development, Support and Promotion of Al-assisted Communication
Assistive Devices for Speech Impairment. Multimodal Cross-lingual Task-Oriented Dialogue System for Inclusive
Communication Support

* NSTC 112-2425-H-305-002-, 2023/05/01-2026/04/30

Establishment and Implement of Smart Assistive Technology for Dementia Care and Its Socio-Economic Impacts.
Intelligent, individualized and precise care with smart AT and system integration

* NSTC, NSTC, 112-2627-M-038-001-, 2023/08/01~2024/07/31

Use deep learning to identify commercially dental implant systems - observational study

e USTP-NTPU-TMU, USTP-NTPU-TMU-112-01, 2023/01/01~2023/12/31

Metaverse Al Multimodal Cross-Language Task-Oriented Dialogue System

* ATEC Group x NTPU, NTPU-112A413E01, 2023/05/01~2026/04/30

Metaverse Avatar Automatic Metadata Generation Module

* FormosaVerse x NTPU, NTPU-111A413E01, 2022/12/01~2023/11/30

Pilot Study on Universal Data Processing for Code Generation Engine

* Il x NTPU, NTPU-112A513E01, 2023/08/01~2023/12/22
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National Taipei University

* This course introduces the fundamental concepts, research issues, and hands-on practices of
Al in Finance and Quantitative Analysis.

e Topics include:

1.

00NN R WN

S
N = O

Introduction to Artificial Intelligence in Finance and Quantitative Analysis

Al in FinTech: Metaverse, Web3, DeFi, NFT, Financial Services Innovation and Applications,
Investing Psychology and Behavioral Finance

Event Studies in Finance

Finance Theory

Data-Driven Finance

Financial Econometrics

Al-First Finance

Deep Learning in Finance

Reinforcement Learning in Finance

Algorithmic Trading, Risk Management, Trading Bot and Event-Based Backtesting
Case Study on Al in Finance and Quantitative Analysis.
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Tel: 02-86741111 ext. 66873
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