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SR ERBLa iR

(Introduction to Artificial Intelligence in Finance and Quantitative Analysis)

Al EREFHY: SRR RIFER

(Al in FinTech: Financial Services Innovation and Application)
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(Investing Psychology and Behavioral Finance)
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(Case Study on Al in Finance and Quantitative Analysis 1)
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7 2021/11/09 BHREEEIIFFE R (Data-Driven Finance)
8 2021/11/16 HAHERT (Midterm Project Report)

9 2021/11/23 ERIFTEZZ =R (Financial Econometrics)
10 2021/11/30 AL EE=MEERL (Al-First Finance)
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(Industry Practices of Al in Finance and Quantitative Analysis )
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[Invited Talk: Index Design — Methodology ~ Data Analysis and the Application of Quantitative Investing, Invited Speaker: Jervis J.G. Li, Fund Manager, Yuanta SITC]

12 2021/12/14 EESHEB{LSTEZRARE 1

(Case Study on Al in Finance and Quantitative Analysis Il)



SRz A48 (Syllabus) {’

#B)x (Week) HBIH (Date) AZ (Subject/Topics)

13 2021/12/21 RAEESREZREZRE (Deep Learning in Finance);
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(Trading Bot and Event-Based Backtesting)
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* Risk Management
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Algorithmic
Trading




Algorithmic Trading

Historical Live Finance
Finance Market Market Data
Data

X\%rder Status

Order

Backtest Order Order Status

Results

Source: Ernest P. Chan (2017), Machine Trading: Deploying Computer Algorithms to Conquer the Markets, Wiley



Risk and Return

Return

Risk (variability)

Source: Bacon, Carl. "How sharp is the Sharpe-ratio?-Risk-adjusted Performance Measures." Statpro White Paper (2000).



Sharpe Ratio

Sharpe Ratio
Portofolio Return — Risk Free Return

Portofolio Risk

Source: Bacon, Carl. "How sharp is the Sharpe-ratio?-Risk-adjusted Performance Measures." Statpro White Paper (2000).
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Sharpe Ratio

'p —TF

Sharpe Ratio SR =
Op

Where

rp= portfolio return

rp = risk free rate

op = portfolio risk (variability, standard deviation of return)

Source: Bacon, Carl. "How sharp is the Sharpe-ratio?-Risk-adjusted Performance Measures." Statpro White Paper (2000).
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Source:

Sortino Ratio

'p — 71T

Sortino Ratio =
Op

Where

rp= portfolio return

rr= Minimum Target Return
op = Downside Risk

Downside Risk g, =

< min|(r; — rT), 0] ?

Ji

Bacon, Carl. "How sharp is the Sharpe-ratio?-Risk-adjusted Performance Measures." Statpro White Paper (2000).
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Cumulative return

Max Drawdown

Recovery time

T

uMopMel(J Wwnuwirxej

Time

Source: Bacon, Carl. "How sharp is the Sharpe-ratio?-Risk-adjusted Performance Measures." Statpro White Paper (2000).
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Return

Portfolio Optimization
Efficient Frontier

Efficient Frontier



https://www.youtube.com/watch?v=5qbMhXXq0vI

Time series data for EUR/USD and SMAs

- EUR=
- SMAI
- SMAZ




Time series data for EUR/USD, SMAs, and
resulting positions
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Gross performance of passive benchmark
investment and SMA strategy
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Gross performance of the SMA strategy before
and after transaction costs
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Gross performance of the passive benchmark
investment and the daily DNN strategy
(in-sample)

19



Gross performance of the passive benchmark
investment and the daily DNN strategy
(out-of-sample)
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Gross performance of the daily DNN strategy
before and after transaction costs
(out-of-sample)
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Gross performance of the passive benchmark

investment and the DNN intraday strategy
(out-of-sample)
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Gross performance of the DNN intraday strategy
before and after higher/ lower transaction costs

(out-of-sample)
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Gross performance on training and
validation data set
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Gross performance of the passive benchmark
investment and the trading bot (out-of-sample)
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Gross performance of the trading bot before and
after transaction costs (in-sample)

12000 — net wealth

= net wealth (after tc)
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Gross performance of the passive benchmark
investment and the trading bot
(vectorized and event-based backtesting)
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Average true range (ATR) in absolute (price) and
relative (%) terms
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BTC-USD
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Returns

btcusd returns

0.2

-0.4
Jan 2018

Jul 2018

BTC-USD Returns

Jan 2019 Jul 2019 Jan 2020 Jul 2020 Jan 2021
Date

Jul 2021
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btcus

BTC-USD Returns Box

btcusd returns box
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The Quant Finance PyData Stack

@ PyThalesians Zipline DX Analytics

PyAlgoTrade
QuantLib

Quantopian

Ehylables N,

| StateMoolels
! Statistics int Pytlnon

. scikits-image
w image processing in python

anda51%#k
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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
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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 () lIssues 19 Pull requests (® Actions

¥ main ~ ¥ 1branch © 0tags

yves Code updates for TF 2.3.

code
.gitignore

LICENSE.txt

0D O O R

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.

["1] Projects

] wiki (@) Security [~ Insights

Go to file

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

£\ Notifications Y¢ Star 98 Y Fork 77

About

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

& home.tpq.io/books/aiif

0J Readme
&5 View license OREILLY"
L] L]
Artificial
Releases I ntel I |gence
No releases published In FI nq nce
A Python-Based Guide 7
Packages
No packages published
Languages Yves Hilpisch

B
® Jupyter Notebook 97.4% ® Python 2.6%
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Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O’Reilly

& yhilpisch [ aiif « Public L\ Notifications vy Star 98 Y Fork 77

<> Code () Issues 1 Pull requests (® Actions [T Projects 0 wiki @ Security [~ Insights

b man - aitjcode;  NEtPS://github.com/yhilpisch/aiif/tree/main/code —

yves Code updates for TF 2.3. €334251 on Dec 8, 2020 ) History

OREILLY"

oanda Code updates for TF 2.3.

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

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

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

https://colab.research.google.com/drive/1FEG6DnGvwfUbeo4z)1zTuniMqf2RkCrT

€O python101.ipynb - Colaborator X <+

&

Cco

c

& python101.ipynb 7+

File Edit View Insert Runtime Tools Help

& https://colab.research.google.com/drive/IFEG6DnGvwfUbeo4zJ1zTunjMgf2RkCrT?authuser=2#scrollTo=wsh36fLxDKC3 Y &)

Bl COMMENT 2% SHARE o

CODE TEXT 4 CELL ¥ CELL ~/ CONNECTED ¥ /’ EDITING A

# Future Value H
pv = 100

(0ol

1/

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

AU WN =

194.87

[

[12]

3

[13]

amount = 100
interest = 10 #10% = 0.01 * 10
years = 7

future_value = amount * ((1 + (0.0l * interest)) ** years)
print(round(future_value, 2))

194.87

1 # Python Function def

2 def getfv(pv, r, n):

8 fv = pv * ((1 + (r)) ** n)
4 return fv

5 fv = getfv(100, 0.1, 7).

6 print(round(fv, 2))

194.87

1 # Python if else
2 score = 80

3 if score >=60 :

4 print("Pass")
5| else:

6 print("Fail").

https://tinyurl.com/aintpupython101
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Python in Google Colab (Python101)
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& python101lipynb

File Edit View Insert Runtime Tools Help All changes saved

B Comment &% Share £ o

RAM 1§

+ Code + Text A v * Editin A
‘= Table of contents X Disk N / =
- - Al'in Finance
Al in Finance
Q
l;l.orma.ti\lleﬂljinapce and « Source: Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O'Reilly Media.
inancial Theories
<& * Github: https:/github.com/yhilpisch/aiif/
Uncertainty and Risk
O Expected Utility
Theory (EUT) ~ Normative Finance and Financial Theories
Mean-Variance
Portfolio Theory
MVPT . .
(MVPT) v Uncertainty and Risk
Capital Asset Pricing
Model (CAPM) OV = I « AN |
Arbitrage Pricing 4 ° 1 import numpy as np
Theory (APT) 2
. . . 3 #The prices of the stock and bond today.
Deep Learning for Financial 480 = 10
Time Series Forecasting erol=tlg
Portfolio Optimization and 6 print('sS0', S0)
Algorithmic Trading 7 print('sS0', S0)
Investment Portfolio 8 .
Optimisation with 9 #The uncertain payoff of the stock and bond tomorrow.
Python 10 S1 = np.array((20, 5))
11 Bl = np.array((11, 11))
Efficient Frontier 12 print('sl', sl)
Portfolio Optimisation in 13 print('Bl', B1)
Python
14
Investment Portfolio 15 #The market price vector
= Optimization 16 M0 = np.array((S0, B0))

https://tinyurl.com/aintpupython101
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File Edit View

Table of contents

Python in Google Colab (Python101)

& python10lipynb

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

Insert Runtime Tools Help All changes saved

X

B comment &% Share £t o

RAM I i 2 ey
+ Code + Text v Disk mmm v g Editing A

~ Data Driven Finance

-~ Financial Econometrics and Regression

v ([e18h) import numpy as np

def f(x):
return 2 + 1 / 2 * x

N o W N

X = np.arange(-4, 5)
X

arraY([_4l _31 _2r _11 0! ll 21 31 4])

\/o 1y = £(x)

2y

|:-> array([ 0.00, 0.50, 1.00, 1.50, 2.00, 2.50, 3.00, 3.50, 4.00])
AV eooB 8 U T

Vi ° ISprint (fix i, Ex)
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 38
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File Edit View Insert Runtime Tools Help Allchanges saved

B Comment &% Share £2 o

RAM I

+ Code + Text o - * Editing A
‘= Table of contents X Disk M /
Financial Econometrics and . ] OERVAR--JN = IV S 9 B
Q Regression Machine Learnlng
Data Availability
< Normative Theories Revisited
. _ ~ Data
) Mean-Variance Portfolio Theory
Capital Asset Pricing Model
o ;
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 . = : Hy'] *
Linear Relationships 9 url = 'http://hilpisch.com/aiif eikon eod data.csv'
10
Elenaar:?r:al Econometrics and Machine 11 raw = pd.read_csv(url, index col=0, parse_dates=True)[ 'EUR="]
9 12 raw.head()
Machine Learning
[> Date
Data 2010-01-01 1.4323
Success 2010-01-04 1.4411
2010-01-05 1.4368
Capacity 2010-01-06 1.4412
2010-01-07 1.4318
Evaluation Name: EUR=, dtype: float64
Bias & Variance
< A
= Cross-Validation 20 sl

https://tinyurl.com/aintpupython101
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File Edit View Insert Runtime Tools Help Allchanges saved

B comment &% Share £t 0

RAM I i
+ Code + Text 7 v * Editing A
‘= Table of contents X Disk /
Mean-Variance Portfolio Theory v EfﬁCIGﬂt Markets
X Capital Asset Pricing Model rNvooB B EE
<> Arbitrage-Pricing Theory ° 1 import numpy as np
. . 2 import pandas as pd
Debunking Central Assumptions SN L e
{x} Normality 4 plt.style.use('seaborn')
| 5 mpl.rcParams|[ 'savefig.dpi'] = 300
() Sample Data Sets 6 mpl.rcParams[ 'font.family'] = 'serif'
Real Financial Returns 7 pd.set_option('precision’, 4)
) ) ) 8 np.set_printoptions(suppress=True, precision=4)
Linear Relationships 9
Financial Econometrics and Machine 10 url = 'http://hilpisch.com/aiif eikon eod data.csv'
Learning 11 data = pd.read_csv(url, index_col=0, parse_dates=True).dropna|)
12 (data / data.iloc[0]).plot(figsize=(10, 6), cmap='coolwarm')
Machine Learning
Data <matplotlib.axes._ subplots.AxesSubplot at 0x7£29f£972£210>
= AAPL.O
Success , — MSFTO
. - INTC.O
Capacity AMZN.O
) 12 GS.N
Evaluation SPY
SPX
Bias & Variance 10 VIX
EUR=
Cross-Validation g — Xau=
— GDX
Al-First Finance 5 = oD
Efficient Markets
4
Market Prediction Based on Returns /-M*‘ &
Data 2 ‘ﬂt’ﬁh - e
S PTG
Market Prediction With More e
Features -
0 v ~oVF ~oV? o ~V° N0 oV
= Market Prediction Intraday » » » » » » » »
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+ Code + Text Connect +~ ®* Editin A
Table of contents X / g

Deep Learning (DL) in Finance = Deep Learning (DL) in Finance

Dense Neural Networks
(DNN) » Source: Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O'Reilly Media.

Baseline Prediction ¢ Github: https://github.com/yhilpisch/aiif/

PN eoB /SRS

Normalization

Dropout ~ Dense Neural Networks (DNN)

Regularization

Bagging
o

1 import os
Optimizers 2 import numpy as np
Recurrent Neural Networks - HRans pandés S Es
(RNN) 4 from pylab import plt, mpl
5 plt.style.use( 'seaborn')
First Example 6 mpl.rcParams|[ 'savefig.dpi'] = 300
Second Example 7 mpl.rcPararf\s[ 'font.farflily' ] = '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 L " . .
[ 1 1 url = 'http://hilpisch.com/aiif eikon id eur usd.csv'
Deep RNNs 2 symbol = 'EUR_USD'

. = . Ly o 1= =T
Corslitional NetE] Z raw N p: read_csv(url, index_col=0, parse_dates=True)
Networks (CNN) sav-heacy)

Rginforcement Learning (RL) in HIGH LOW OPEN CLOSE
Finance
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Deep RNNs

Convolutional Neural
Networks (CNN)

Reinforcement Learning (RL) in
Finance

Reinforcement Learning (RL)
CartPole Environment

Dimensionality
Reduction

Action Rule

Total Reward per
Episode

Simple Learning
Testing the Results
DNN Learning

Q Learning

Finance Environment

Improved Finance
Environment

Improved Financial QL
Agent

B comment &% Share £ 0

+ Code + Text Connect ~ 2 Editing A

~ Reinforcement Learning (RL) in Finance r B/ EE

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

~ Reinforcement Learning (RL)

import os

import math

import random

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'
np.set_printoptions(precision=4, suppress=True)
os.environ[ 'PYTHONHASHSEED'] = '0'

W O o U1 i WIN

==
= o

v CartPole Environment

[ 1 1 import gym
2

https://tinyurl.com/aintpupython101
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File Edit View Insert Runtime Tools Help All changes saved
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‘= Table of contents X Bhock s Toxt V' Disk m—— 7 #" Editing ~
Algorithmic Trading . . . (NN = IV SN 9 I |
aQ ~ Algorithmic Trading
Vectorized Backtesting
&S Backtesting an SMA-  Source: Yves Hilpisch (2020), Artificial Intelligence in Finance: A Python-Based Guide, O'Reilly Media.
BasetiOtategy * Github: https://github.com/yhilpisch/aiif/
{x} Backtesting a Daily DNN-
Based Strategy
D Backtesting an |ntraday R Vectorlzed BatheStlng
DNN-Based Strategy
Risk Management
g ° 1 import os
Trading Bot 2 import math
Vectorized Backtesting 3 %mport numpy as np
4 import pandas as pd
Event-Based Backtesting 5 from pylab import plt, mpl
; 5 6 plt.style.use( 'seaborn')
AsSessing Risk 7 mpl.rcParams[ 'savefig.dpi'] = 300
Backtesting Risk 8 mpl.rcParams[ 'font.family'] = 'serif'
Measures 9 pd.set_option('mode.chained assignment', None)
Stopii oss 10 pd.set_option('display.float format', '{:.4f}'.format)
P 11 np.set_printoptions(suppress=True, precision=4)
Trailing Stop Loss 12 os.environ[ 'PYTHONHASHSEED'] = '0'
Take Profit
Combinations v Backtesting an SMA-Based Strategy

= Backtesting Cryptocurrency
Bitcoin
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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
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~ Vectorized Backtesting
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v

Comment

RAM W
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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'

W 00 o6 U1 b W N =

== e
N = O

v Backtesting an SMA-Based Strategy

[

1

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
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import os

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',6 '{:.4f}'.format)
np.set_printoptions(suppress=True, precision=4)
os.environ[ 'PYTHONHASHSEED'] = '0'

v Trading Bot

(1 1
2
3
4
5
6
7

# import finance

# finance.py

# Finance Environment

#

# (c) Dr. Yves J. Hilpisch

# Artificial Intelligence in Finance
#
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1 tb.backtest_strategy(sl=0.015, tsl=None,
2 tp=0.0185, wait=5)

2018-01-17 | **% START BACKTEST ***
2018-01-17 | current balance = 10000.00
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