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Disclaimer

This presentation and any accompanying material are being provided solely for information and general illustrative
purposes. The author will not be responsible for the consequences of reliance upon any information contained in or
derived from the presentation or for any omission of information therefrom and hereby excludes all liability for loss
or damage (including, without limitation, direct, indirect, foreseeable, or consequential loss or damage and
including loss or profit and even if advised of the possibility of such damages or if such damages were foreseeable)
that may be incurred or suffered by any person in connection with the presentation, including (without limitation)
for the consequences of reliance upon any results derived therefrom or any error or omission whether negligent or
not. No representation or warranty is made or given by the author that the presentation or any content thereof will
be error free, updated, complete or that inaccuracies, errors or defects will be corrected.

The views are solely that of the author and not of his employer, Quaternion Risk Management GmbH. The
Chatham House rules apply.

The presentation may not be reproduced in whole or part or delivered to any other person without prior permission
of the author.
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Programming Languages for ML and Quant Finance (1/4)

Python

created by the Dutch
mathematician Guido van
Rossum in 1991

interpreted, dynamically typed,
very high level general-purpose
programming language

free and open source,
implemented in C and Python

cross-platform (Windows,
Linux, Mac)

big ecosystem of libraries
particularly suited for ML

often used to wrap C++
libraries

R

created in 1993 as a successor
to S (created in 1976)

interpreted, dynamically typed,
quite high level programming
language for the purpose of
statistical analysis

free an open source,
implemented in C, Fortran and
R

big ecosystem of libraries, in
particular for stats, quant
finance and ML
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Programming Languages for ML and Quant Finance (2/4)

Matlab

proprietary language created by
MathWorks in 1984

comes with an IDE for matrix
manipulations, interactive
coding and plotting
functionalities

has a strong vectorization
paradigm

popular among (financial)
engineers, also has an ML
package

expensive license

VBA

created in 1993 by Microsoft

integrated into MS Office, in
particular Excel, and still
ubiquitous in the corporate
landscape

Excel/VBA still popular choice
for prototyping quant finance
models

not suitable for ML due to
memory limitations of Excel
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Programming Languages for ML and Quant Finance (3/4)

C++

created in 1985 by Bjarne
Stroustrup

extension to C, in particular to
classes and OOP; still “close to
the metal”

statically typed general purpose
programming language rooted
in the UNIX community

QuantLib & ORE are written in
C++

lots of language upgrades
(C++98, C++11, C++14,
C++17, C++20 ...)

hard to learn, but very powerful

Java

created in 1994 by Oracle

heavily object-oriented general
purpose language for enterprise
level development

uses the Java Virtual Machine

popular for GUIs

finmath lib is written in Java
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Programming Languages for ML and Quant Finance (4/4)

Haskell

first released in 1990, latest
stable release is Haskell 2010

purely functional programming
language using static typing,
type inference, lazy evaluation,
immutability

not very widely spread, but well
suited for concurrency and
parallelism

data science stack is smaller,
but growing!

ability to write programs of
which the output can be
mathematically proven to be
correct is very useful for
quantitative finance

Lisp

originated in 1958

Lisp is homoiconic, i.e. it treats
all code as data - a useful
property for data science

today used in general-purpose
dialects, in particular Clojure,
Common Lisp and Scheme

Clojure is a functional
programming language, uses
the Java platform and has some
ML libraries

Common Lisp is suitable for
Symbolic AI, i.e. AI
applications like logic
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The Zen of Python

Beautiful is better than ugly.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated. Flat is better than
nested.

Sparse is better than dense.

Readability counts.

Special cases aren’t special enough to break the rules.

Although practicality beats purity.

. . .
source: https://www.python.org/dev/peps/pep-0020/
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import antigravity

source: https://xkcd.com/353/
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Core Python Distribution

The official distribution of the Python programming language
including the official standard library:
https://www.python.org/

Operating Systems: Windows, Linux, Mac OS X

This is a compiled “batteries-included” version of the
CPython github repository, where Python is developed:
https://github.com/python/cpython

Compiled versions are provided for both 32bit and 64bit
systems (64bit is the standard)

Use this if you want a fresh clean version of the official version
of Python only.
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Python 2 vs Python 3

Since 1991 Python had 3 major releases: Python 1 (1991),
Python 2 (2000) and Python 3 (2008)

Python 1 is deprecated and not really used anymore.

Python 2 support will be discontinued in 2020 (was initially
planned for 2015).

Python 3 is the most recent version.

Python 3 is not backwards compatible to Python 2 (even
though many things might still work)

While Python 2 became big, a big ecosystem of libraries was
created in Python 2. It took a long time until coverage in
Python 3 was comprehensive.

All the big libraries now support Python 3 as the default.

=⇒ use Python 3! (unless you have a very strong reason not to)
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The Python Ecosystem

Python as an open source project was built to be easily
extensible.

That worked! A large community around it built many Python
libraries that make programming in Python much easier.
(“library oriented programming”).

But: Managing the large volume of libraries and their complex
dependencies has become more and more complicated.

Tools that can help finding/installing/managing libraries:

PyPI: The Python Package Index (https://pypi.org/)
pip: A package manager to install packages from PyPI
(https://pypi.org/project/pip/)
github: A very popular platform to develop open source
projects (https://github.com/)
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Anaconda

Anaconda is a distribution of Python, which includes:

The most recent core version of Python.

About 1500 packages on top of the standard library.

conda, which is a package manager to install and manage all
these Python packages

conda env, which is a tool to save Python environments, i.e.
sets of libraries, their dependencies and versions in order to
reproduce and share results

It has become the de-facto standard for data science and
machine learning.

=⇒ Use Anaconda to get started!
(https://www.anaconda.com/)

Jörg Kienitz / Nikolai Nowaczyk, Quaternion Machine Learning- Option Pricing, Calibration, Hedging - 17/36

https://www.anaconda.com/


Outline

1 Introduction
Programming Languages for ML and Quant Finance

2 Python - A Guided Tour
Introduction
IDEs
Basic Language Features
Key Libraries for ML

3 Further Technologies

Jörg Kienitz / Nikolai Nowaczyk, Quaternion Machine Learning- Option Pricing, Calibration, Hedging - 18/36



IDEs and how to use it: Hello World cases

Python can be used practically in many different ways:

Python console: good for trying out small things

Command Line and any text editor (like Notepad++): good
for slightly bigger things

A sophisticated IDE like PyCharm: good for big projects

Interactive environments like Spyder or Jupyter notebooks:
good for data science and ML
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Hello World: Interpreter
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Hello World: Command Line & Editor

Jörg Kienitz / Nikolai Nowaczyk, Quaternion Machine Learning- Option Pricing, Calibration, Hedging - 21/36



Hello World: PyCharm
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Hello World: Jupyter Notebooks
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Language Features Overview

Whitespaces for code indentation are essential!

Built-in standard data types: Int, Float, Boolean

Very useful container types: Lists, Tuples, Sets, Dictionaries,
Strings

Standard control structures: If/then, For/While loops
(interact well with iterators and generators)

supports functions, (some functional programming features
such as lambdas), modules, packages

supports classes and object-oriented programming

supports console and file IO

unit testing is very common
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Overview of Key ML Libraries

numpy: numerical mathematics

scipy: scientific computing

pandas: data frames

scikit-learn: machine learning

matplotlib: plotting

keras and tensorflow: neural networks

quantlib: quantitative finance
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numpy

numpy is a Python library that facilitates fast numerical
computations.

Even though numpy itself is a Python library, a large part of it
is a wrapper for C libraries:

Its core class numpy.ndarray brings fast multi-dimensional
into Python.
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scipy

scipy is a Python library that wraps many useful algorithms
for scientific computing (including LAPACK and BLAS):

Popular modules include:

integrate: numerical integration
interpolate: numerical interpolation
optimize: solve non-linear equations
spatial: trees, nearest neighbors, Voronoi diagrams
stats: probability distributions, pdf’s, cdf’s, quantiles,
estimators, etc.
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pandas

pandas is a library for slicing and dicing of data.

A pandas.DataFrame wraps a table of data in a similar
fashion than a SQL table.

It provides interfaces to files like CSV or HD5 to read in data
for processing or save processed data.

It supports typical data base table operations such as join,
concatenate, sort, filter and group.

It supports computations executed on one or multiple columns
by applying any function to them (particularly powerful in
combination with lambdas).
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scikit-learn

scikit-learn is a comprehensive library for machine learning

It has various modules that implement popular machine
learning techniques and models such as:

Regression
Classification
Clustering
Dimensionality Reduction
ML Diagnostics and Preprocessing
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matplotlib

matplotlib is a plotting library that provides an abstract
interface to produce plots

in particular the popular pyplot module has a syntax, which
is similar to MATLAB plots

the core use case is to produce plots for scientific articles,
which are publication ready

it can be used in conjunction with seaborn for different
aesthetics

it can also be used in conjuction with jupyter widgets to
produce interactive plots in jupyter notebooks
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keras/tensorflow

keras is a library that provides an interface to facilitate rapid
prototyping of neural networks

the library has various convenience functions to quickly build
networks of various types and various topologies

keras supports various choices of backends to perform
computationally expensive tasks such as training a neural
network

tensorflow is a popular choice of backend (developed by
Google)
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quantlib

QuantLib is a C++ library for quantitative finance

It provides classes for market data and various derivative
instruments such as options, bonds and swaps and pricing
engines such as a Black/Scholes pricer or a Hull/White model.

Quaternion uses QuantLib as part of its Open Source Risk

Engine (ORE), which extends QuantLibs pricing engines to
collateralized exposure and XVAs.

quantlib is a Python wrapper for QuantLib (via SWIG).
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Overview

github: open source code hosting

travis-ci: open source code testing

coveralls: test coverage analysis

gitlab: code hosting (easier for private repositories)

AWS: Amazon Web Services provides cloud solutions

Docker: containers to deploy entire solutions

kubernetes: managing containers

AutoML: automatic machine learning (Google)

. . .
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