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  Preface
  We are becoming awash in the flood of digital data from scientific research, engineering, economics, politics, journalism, business, and many other domains. As a result, analyzing, visualizing, and harnessing data is the occupation of an increasingly large and diverse set of people. Quantitative skills such as programming, numerical computing, mathematics, statistics, and data mining, which form the core of data science, are more and more appreciated in a seemingly endless plethora of fields.
  My previous book, Learning IPython for Interactive Computing and Data Visualization,
  Packt Publishing, published in 2013, was a beginner-level introduction to data science and
  numerical computing with Python. This widely-used programming language is also one of the most popular platforms for these disciplines. This book continues that journey by presenting more than 100 advanced recipes for data science and mathematical modeling. These recipes not only cover programming and computing topics such as interactive computing, numerical computing, high-performance computing, parallel computing, and interactive visualization, but also data analysis topics such as statistics, data mining, machine learning, signal processing, and many others. All of this book's code has been written in the IPython notebook. IPython is at the heart of the Python data analysis platform. Originally created to enhance the default Python console,
  IPython is now mostly known for its widely acclaimed notebook. This web-based interactive computational environment combines code, rich text, images, mathematical equations, and plots into a single document. It is an ideal gateway to data analysis and high-performance numerical computing in Python.
  Preface What this book is
  This cookbook contains in excess of a hundred focused recipes, answering specific questions in numerical computing and data analysis with IPython on:
  f How to explore a public dataset with pandas, PyMC, and SciPy f How to create interactive plots, widgets, and Graphical User Interfaces in the
  IPython notebook
  f
  How to create a configurable IPython extension with custom magic commands
  f How to distribute asynchronous tasks in parallel with IPython 
f How to accelerate code with OpenMP, MPI, Numba, Cython, OpenCL, CUDA, and the
  Julia programming language
  f How to estimate a probability density from a dataset 
f How to get started using the R statistical programming language in the notebook
 f  How to train a classifier or a regressor with scikit-learn
  f
  How to find interesting projections in a high-dimensional dataset
  f How to detect faces in an image f How to simulate a reaction-diffusion system f How to compute an itinerary in a road network
  The choice made in this book was to introduce a wide range of different topics instead of delving into the details of a few methods. The goal is to give you a taste of the incredibly rich capabilities of Python for data science. All methods are applied on diverse real-world examples. Every recipe of this book demonstrates not only how to apply a method, but also how and why it works. It is important to understand the mathematical concepts and ideas underlying the methods instead of merely applying them blindly. Additionally, each recipe comes with many references for the interested reader who wants to know more. As online references change frequently, they will be kept up to date on the book's website ( ). http://ipython-books.github.io
  What this book covers
  This book is split into two parts:
  Part 1 (chapters 1 to 6) covers advanced methods in interactive numerical computing, high-performance computing, and data visualization. Part 2 (chapters 7 to 15) introduces standard methods in data science and mathematical modeling. All of these methods are applied to real-world data.
  2
  Preface
  Part 1 – Advanced High-Performance Interactive Computing Chapter 1, A Tour of Interactive Computing with IPython, contains a brief but intense
  introduction to data analysis and numerical computing with IPython. It not only covers common packages such as Python, NumPy, pandas, and matplotlib, but also advanced
  IPython topics such as interactive widgets in the notebook, custom magic commands, configurable IPython extensions, and new language kernels.
  
Chapter 2, Best Practices in Interactive Computing, details best practices to write reproducible,
  high-quality code: task automation, version control with Git, workflows with IPython, unit testing with nose, continuous integration, debugging, and other related topics. The importance of these subjects in computational research and data analysis cannot be overstated.
  
Chapter 3, Mastering the Notebook, covers advanced topics related to the IPython notebook,
 notably the notebook format, notebook conversions, and CSS/JavaScript customization. The new interactive widgets available since IPython 2.0 are also extensively covered. These techniques make data analysis in the notebook more interactive than ever. Chapter 4, Profiling and Optimization, covers methods to make your code faster and more  efficient: CPU and memory profiling in Python, advanced optimization techniques with NumPy (including large array manipulations), and memory mapping of huge arrays with the HDF5 file format and the PyTables library. These techniques are essential for big data analysis.
  Chapter 5, High-performance Computing, covers advanced techniques to make your code much faster: code acceleration with Numba and Cython, wrapping C libraries in Python with
  ctypes, parallel computing with IPython, OpenMP, and MPI, and General-Purpose Computing on Graphics Processing Units (GPGPU) with CUDA and OpenCL. The chapter ends with an introduction to the recent Julia language, which was designed for high-performance numerical computing and can be easily used in the IPython notebook.
  
Chapter 6, Advanced Visualization, introduces a few data visualization libraries that go beyond
  matplotlib in terms of styling or programming interfaces. It also covers interactive visualization in the notebook with Bokeh, mpld3, and D3.js. The chapter ends with an introduction to Vispy, a library that leverages the power of Graphics Processing Units for high-performance interactive visualization of big data.
  
Part 2 – Standard Methods in Data Science and Applied
 Mathematics Chapter 7, Statistical Data Analysis, covers methods for getting insight into data. It  introduces classic frequentist and Bayesian methods for hypothesis testing, parametric and nonparametric estimation, and model inference. The chapter leverages Python libraries such as pandas, SciPy, statsmodels, and PyMC. The last recipe introduces the statistical language R, which can be easily used in the IPython notebook.
  3
  Preface Chapter 8, Machine Learning, covers methods to learn and make predictions from data.
  Using the scikit-learn Python package, this chapter illustrates fundamental data mining and machine learning concepts such as supervised and unsupervised learning, classification, regression, feature selection, feature extraction, overfitting, regularization, cross-validation, and grid search. Algorithms addressed in this chapter include logistic regression, Naive Bayes, K-nearest neighbors, Support Vector Machines, random forests, and others. These methods are applied to various types of datasets: numerical data, images, and text.
  Chapter 9, Numerical Optimization, is about minimizing or maximizing mathematical
  functions. This topic is pervasive in data science, notably in statistics, machine learning, and signal processing. This chapter illustrates a few root-finding, minimization, and curve fitting routines with SciPy.
  Chapter 10, Signal Processing, is about extracting relevant information from complex and
  noisy data. These steps are sometimes required prior to running statistical and data mining algorithms. This chapter introduces standard signal processing methods such as Fourier transforms and digital filters.
  
Chapter 11, Image and Audio Processing, covers signal processing methods for images and
  sounds. It introduces image filtering, segmentation, computer vision, and face detection with scikit-image and OpenCV. It also presents methods for audio processing and synthesis.
  Chapter 12, Deterministic Dynamical Systems, describes dynamical processes underlying
  particular types of data. It illustrates simulation techniques for discrete-time dynamical systems as well as for ordinary differential equations and partial differential equations.
  Chapter 13, Stochastic Dynamical Systems, describes dynamical random processes
  underlying particular types of data. It illustrates simulation techniques for discrete-time Markov chains, point processes, and stochastic differential equations.
  Chapter 14, Graphs, Geometry, and Geographic Information Systems, covers analysis and visualization methods for graphs, social networks, road networks, maps, and geographic data. Chapter 15, Symbolic and Numerical Mathematics, introduces SymPy, a computer algebra
  system that brings symbolic computing to Python. The chapter ends with an introduction to Sage, another Python-based system for computational mathematics.
  What you need for this book
  You need to know the content of this book's prequel, Learning IPython for Interactive 
  
Computing and Data Visualization: Python programming, the IPython console and notebook,
  numerical computing with NumPy, basic data analysis with pandas as well as plotting with matplotlib. This book tackles advanced scientific programming topics that require you to be familiar with the scientific Python ecosystem.
  4
  Preface In Part 2, you need to know the basics of calculus, linear algebra, and probability theory.
  These chapters introduce different topics in data science and applied mathematics (statistics, machine learning, numerical optimization, signal processing, dynamical systems, graph theory, and others). You will understand these recipes better if you know fundamental concepts such as real-valued functions, integrals, matrices, vector spaces, probabilities, and so on.
  Installing Python
  There are many ways to install Python. We highly recommend the free Anaconda distribution (
  ). This Python distribution contains http://store.continuum.io/cshop/anaconda/ most of the packages that we will be using in this book. It also includes a powerful packaging system named conda. The book's website contains all the instructions to install Anaconda and run the code examples. You should learn how to install packages ( conda install ) and how to create multiple Python environments with conda. packagename The code of this book has been written for Python 3 (more precisely, the code has been tested on Python 3.4.1, Anaconda 2.0.1, Windows 8.1 64-bit, although it definitely works on Linux and Mac OS X), but it also works with Python 2.7. We mention any compatibility issue when required. These issues are rare in this book, because NumPy does the heavy lifting in most cases. NumPy's interface hasn't changed between Python 2 and Python 3.
  If you're unsure about which Python version you should use, pick Python 3. You should only pick Python 2 if you really need to (for example, if you absolutely need a Python package that doesn't support Python 3, or if part of your user base is stuck with Python 2). We cover this question in greater detail in Chapter 2, Best Practices in Interactive Computing.
  With Anaconda, you can install Python 2 and Python 3 side-by-side using conda environments. This is how you can easily run the couple of recipes in this book that require Python 2.
  GitHub repositories
  A home page and two GitHub repositories accompany this book:
  f The main webpage at
  http://ipython-books.github.io
  f The main GitHub repository, with the codes and references of all recipes, at
  https://github.com/ipython-books/cookbook-code
  f Datasets used in certain recipes at
  https://github.com/ipython-books/ cookbook-data The main GitHub repository is where you can:
  f Find all code examples as IPython notebooks f Find all up-to-date references f Find up-to-date installation instructions f Report errata, inaccuracies, or mistakes via the issue tracker
  5
  Preface f
  Propose fixes via Pull Requests
  f Add notes, comments, or further references via Pull Requests f Add new recipes via Pull Requests
  The online list of references is a particularly important resource. It contains many links to tutorials, courses, books, and videos about the topics covered in this book. You can also follow updates about the book on my website ( http://cyrille.rossant.
  ) and on my Twitter account ( ). net @cyrillerossant
  Who this book is for
  This book targets students, researchers, teachers, engineers, data scientists, analysts, journalists, economists, and hobbyists interested in data analysis and numerical computing. Readers familiar with the scientific Python ecosystem will find many resources to sharpen their skills in high-performance interactive computing with IPython.
  Readers who need to implement algorithms for domain-specific applications will appreciate the introductions to a wide variety of topics in data analysis and applied mathematics. Readers who are new to numerical computing with Python should start with the prequel of this book, Learning IPython for Interactive Computing and Data Visualization, Cyrille Rossant,
  Packt Publishing, 2013. A second edition is planned for 2015.
  Conventions
  In this book, you will find a number of styles of text that distinguish between different kinds of information. Here are some examples of these styles and an explanation of their meaning. Code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles are shown as follows: "Notebooks can be run in an interactive session via ."
  %run notebook.ipynb A block of code is set as follows: def do_complete(self, code, cursor_pos): return {'status': 'ok', 'cursor_start': ..., 'cursor_end': ..., 'matches': [...]}
  Any command-line input or output is written as follows:
  from IPython import embed embed()
  6
  Preface
  New terms and important words are shown in bold. Words that you see on the screen, in menus or dialog boxes for example, appear in the text like this: "The simplest option is to launch them from the Clusters tab in the notebook dashboard." Warnings or important notes appear in a box like this.
  Tips and tricks appear like this.
  Reader feedback
  Feedback from our readers is always welcome. Let us know what you think about this book—what you liked or may have disliked. Reader feedback is important for us to develop titles that you really get the most out of. To send us general feedback, simply send an e-mail to , feedback@packtpub.com and mention the book title via the subject of your message.
  If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, see our author guide on . www.packtpub.com/authors
  Customer support
  Now that you are the proud owner of a Packt book, we have a number of things to help you to get the most from your purchase.
  Downloading the example code
  You can download the example code files for all Packt books you have purchased from your account at . If you purchased this book elsewhere, you can visit http://www.packtpub.com http://www.packtpub.com/support and register to have the files e-mailed directly to you.
  Downloading the color images
  We also provide you with a PDF file that has color images of the screenshots/diagrams used in this book. The color images will help you better understand the changes in the output. https://www.packtpub.com/sites/
  You can download this file from the following link: . default/files/downloads/4818OS_ColoredImages.pdf
  7
  Preface Errata Although we have taken every care to ensure the accuracy of our content, mistakes do happen.
  If you find a mistake in one of our books—maybe a mistake in the text or the code—we would be grateful if you would report this to us. By doing so, you can save other readers from frustration and help us improve subsequent versions of this book. If you find any errata, please report them by visiting
  , selecting your book, clicking on http://www.packtpub.com/submit-errata the errata submission form link, and entering the details of your errata. Once your errata are verified, your submission will be accepted and the errata will be uploaded on our website, or added to any list of existing errata, under the Errata section of that title. Any existing errata can be viewed by selecting your title from . http://www.packtpub.com/support
  Piracy
  Piracy of copyright material on the Internet is an ongoing problem across all media. At Packt, we take the protection of our copyright and licenses very seriously. If you come across any illegal copies of our works, in any form, on the Internet, please provide us with the location address or website name immediately so that we can pursue a remedy.
  Please contact us at with a link to the suspected pirated material. copyright@packtpub.com We appreciate your help in protecting our authors, and our ability to bring you valuable content.
  Questions
  You can contact us at if you are having a problem with any questions@packtpub.com aspect of the book, and we will do our best to address it.
  8
  1 A Tour of Interactive 
Computing with IPython
  In this chapter, we will cover the following topics:
  f Introducing the IPython notebook f Getting started with exploratory data analysis in IPython f Introducing the multidimensional array in NumPy for fast array computations f Creating an IPython extension with custom magic commands f
  Mastering IPython's configuration system
  f Creating a simple kernel for IPython Introduction
  This book targets intermediate to advanced users who are familiar with Python, IPython, and scientific computing. In this chapter, we will give a brief recap on the fundamental tools we will be using throughout this book: IPython, the notebook, pandas, NumPy, and matplotlib. In this introduction, we will give a broad overview of IPython and the Python scientific stack for high-performance computing and data science.
  A Tour of Interactive Computing with IPython What is IPython?
  IPython is an open source platform for interactive and parallel computing. It offers powerful interactive shells and a browser-based notebook. The notebook combines code, text, mathematical expressions, inline plots, interactive plots, and other rich media within a sharable web document. This platform provides an ideal framework for interactive scientific computing and data analysis. IPython has become essential to researchers, data scientists, and teachers.
  IPython can be used with the Python programming language, but the platform also supports many other languages such as R, Julia, Haskell, or Ruby. The architecture of the project is indeed language-agnostic, consisting of messaging protocols and interactive clients (including the browser-based notebook). The clients are connected to kernels that implement the core interactive computing facilities. Therefore, the platform can be useful to technical and scientific communities that use languages other than Python.
  In July 2014, Project Jupyter was announced by the IPython developers. This project will focus on the language-independent parts of IPython (including the notebook architecture), whereas the name IPython will be reserved to the Python kernel. In this book, for the sake of simplicity, we will just use the term IPython to refer to either the platform or the Python kernel.
  A brief historical retrospective on Python as a scientific environment
  Python is a high-level general-purpose language originally conceived by Guido van Rossum in the late 1980s (the name was inspired by the British comedy Monty Python's Flying Circus). This easy-to-use language is the basis of many scripting programs that glue different software components (glue language) together. In addition, Python comes with an extremely rich standard library (the batteries included philosophy), which covers string processing, Internet Protocols, operating system interfaces, and many other domains.
  In the late 1990s, Travis Oliphant and others started to build efficient tools to deal with numerical data in Python: Numeric, Numarray, and finally, NumPy. SciPy, which implements many numerical computing algorithms, was also created on top of NumPy. In the early
  2000s, John Hunter created matplotlib to bring scientific graphics to Python. At the same time, Fernando Perez created IPython to improve interactivity and productivity in Python. All the fundamental tools were here to turn Python into a great open source high-performance framework for scientific computing and data analysis.
Chapter 1 It is worth noting that Python as a platform for scientific computing was
  built slowly, step-by-step, on top of a programming language that was not originally designed for this purpose. This fact might explain a few minor inconsistencies or weaknesses of the platform, which do not preclude it from being one of the most popular open frameworks for scientific computing at this time. (You can also refer to http://cyrille. rossant.net/whats-wrong-with-scientific-python/.) Notable competing open source platforms for numerical computing and data analysis include R (which focuses on statistics) and Julia (a young, high-level language that focuses on high performance and parallel computing). We will see these two languages very briefly in this book, as they can be used from the IPython notebook.
  In the late 2000s, Wes McKinney created pandas for the manipulation and analysis of numerical tables and time series. At the same time, the IPython developers started to work on a notebook client inspired by mathematical software such as Sage, Maple, and Mathematica. Finally, IPython 0.12, released in December 2011, introduced the HTML-based notebook that has now gone mainstream.
  In 2013, the IPython team received a grant from the Sloan Foundation and a donation from Microsoft to support the development of the notebook. IPython 2.0, released in early 2014, brought many improvements and long-awaited features.
  What's new in IPython 2.0?
  Here is a short summary of the changes brought by IPython 2.0 (succeeding v1.1):
  f The notebook comes with a new modal user interface: ‰ In the edit mode, we can edit a cell by entering code or text.
  ‰ In the command mode, we can edit the notebook by moving cells around,
  duplicating or deleting them, changing their types, and so on. In this mode, the keyboard is mapped to a set of shortcuts that let us perform notebook and cell actions efficiently.
  
f Notebook widgets are JavaScript-based GUI widgets that interact dynamically with
  Python objects. This major feature considerably expands the possibilities of the IPython notebook. Writing Python code in the notebook is no longer the only possible interaction with the kernel. JavaScript widgets and, more generally, any JavaScript-based interactive element, can now interact with the kernel in real-time.
  A Tour of Interactive Computing with IPython 
f We can now open notebooks in different subfolders with the dashboard, using the
 same server. A REST API maps local URIs to the filesystem. f Notebooks are now signed to prevent untrusted code from executing when notebooks are opened. f The dashboard now contains a Running tab with the list of running kernels. f The tooltip now appears when pressing Shift + Tab instead of Tab. f Notebooks can be run in an interactive session via .  %run notebook.ipynb
  f The magic is discouraged in favor of
  %pylab %matplotlib inline (to embed figures in the notebook) and import matplotlib.pyplot
  . The main reason is that clutters the interactive namespace as plt %pylab by importing a huge number of variables. Also, it might harm the reproducibility and reusability of notebooks.
  f Python 2.6 and 3.2 are no longer supported. IPython now requires Python 2.7 or &gt;= 3.3.
  Roadmap for IPython 3.0 and 4.0
  IPython 3.0 and 4.0, planned for late 2014/early 2015, should facilitate the use of non-Python kernels and provide multiuser capabilities to the notebook.
  References
  Here are a few references:
  f The Python webpage at
  www.python.org
  f Python on Wikipedia at
  http://en.wikipedia.org/wiki/ Python_%28programming_language%29
  f Python's standard library present at
  https://docs.python.org/2/library/
  f Guido van Rossum on Wikipedia at
  http://en.wikipedia.org/wiki/ Guido_van_Rossum
  f Conversation with Guido van Rossum on the birth of Python available at
  www.artima.com/intv/pythonP.html
  f
  http://fr.slideshare.net/ History of scientific Python available at shoheihido/sci-pyhistory
  f What's new in IPython 2.0 at
  http://ipython.org/ipython-doc/2/ whatsnew/version2.0.html
  f
  IPython on Wikipedia at http://en.wikipedia.org/wiki/IPython
  f History of the IPython notebook at
  http://blog.fperez.org/2012/01/ ipython-notebook-historical.html
Chapter 1 Introducing the IPython notebook The notebook is the flagship feature of IPython. This web-based interactive environment
  combines code, rich text, images, videos, animations, mathematics, and plots into a single document. This modern tool is an ideal gateway to high-performance numerical computing and data science in Python. This entire book has been written in the notebook, and the code of every recipe is available as a notebook on the book's GitHub repository at
  . https://github.com/ipython-books/cookbook-code In this recipe, we give an introduction to IPython and its notebook. In Getting ready, we also give general instructions on installing IPython and the Python scientific stack.
  Getting ready
  You will need Python, IPython, NumPy, pandas, and matplotlib in this chapter. Together with SciPy and SymPy, these libraries form the core of the Python scientific stack ( ). www.scipy.org/about.html
  You will find full detailed installation instructions on the book's GitHub repository at https://github.com/ipython-books/ cookbook-code. We only give a summary of these instructions here; please refer to the link above for more up-to-date details.
  If you're just getting started with scientific computing in Python, the simplest option is to install an all-in-one Python distribution. The most common distributions are:
  f Anaconda (free or commercial license) available at http://store.continuum.
  io/cshop/anaconda/
  f Canopy (free or commercial license) available at
  www.enthought.com/products/ canopy/
  f Python(x,y), a free distribution only for Windows, available at
  https://code.google.com/p/pythonxy/ We highly recommend Anaconda. These distributions contain everything you need to get started. You can also install additional packages as needed. You will find all the installation instructions in the links mentioned previously.
  Throughout the book, we assume that you have installed Anaconda. We may not be able to offer support to readers who use another distribution.
  A Tour of Interactive Computing with IPython
  Alternatively, if you feel brave, you can install Python, IPython, NumPy, pandas, and matplotlib manually. You will find all the instructions on the following websites:
  f Python is the programming language underlying the ecosystem. The instructions are available at .
  www.python.org/
  f
  IPython provides tools for interactive computing in Python. The instructions for installation are available at . http://ipython.org/install.html
  
f NumPy/SciPy are used for numerical computing in Python. The instructions for
 installation are available at .  www.scipy.org/install.html
  f pandas provides data structures and tools for data analysis in Python. The
  instructions for installation are available at http://pandas.pydata.org/ . getpandas.html
  f matplotlib
  helps in creating scientific figures in Python. The instructions for installation are available at . http://matplotlib.org/index.html
  Python 2 or Python 3? Though Python 3 is the latest version at this date, many people are still using Python 2. Python 3 has brought backward-incompatible changes that have slowed down its adoption. If you are just getting started with Python for scientific computing, you might as well choose Python 3. In this book, all the code has been written for Python 3, but it also works with Python 2. We will give more details about this question in Chapter 2, Best Practices in Interactive Computing.
  Once you have installed either an all-in-one Python distribution (again, we highly recommend Anaconda), or Python and the required packages, you can get started! In this book, the IPython notebook is used in almost all recipes. This tool gives you access to Python from your web browser. We covered the essentials of the notebook in the Learning IPython for Interactive 
  Computing and Data Visualization
  book. You can also find more information on IPython's website ( ). http://ipython.org/ipython-doc/stable/notebook/index.html
  To run the IPython notebook server, type in a terminal (also called ipython notebook the command prompt). Your default web browser should open automatically and load the address. Then, you can create a new notebook in the dashboard or open 127.0.0.1:8888 an existing notebook. By default, the notebook server opens in the current directory (the directory you launched the command from). It lists all the notebooks present in this directory extension). (files with the .ipynb
  On Windows, you can open a command prompt by pressing the Windows key and R, then typing cmd in the prompt, and finally by pressing Enter.
  Chapter 1 How to do it...
  1.  We assume that a Python distribution is installed with IPython and that we are now in an IPython notebook. We type the following command in a cell, and press
  Shift + Enter to evaluate it:
  In [1]: print("Hello world!") Hello world!
  
Screenshot of the IPython notebook
  A notebook contains a linear succession of cells and output areas. A cell contains Python code, in one or multiple lines. The output of the code is shown in the corresponding output area.
  2.  Now, we do a simple arithmetic operation: In [2]: 2+2 Out[2]: 4 The result of the operation is shown in the output area. Let's be more precise. The output area not only displays the text that is printed by any command in the cell, but it also displays a text representation of the last returned object. Here, the last returned object is the result of , that is, .
  2+2
  4
  3.  In the next cell, we can recover the value of the last returned object with the _
  (underscore) special variable. In practice, it might be more convenient to assign objects to named variables such as in . myresult = 2+2
  In [3]: _ * 3 Out[3]: 12
  4.  IPython not only accepts Python code, but also shell commands. These commands are defined by the operating system (mainly Windows, Linux, and Mac OS X). We first type in a cell before typing the shell command. Here, assuming a Linux or Mac OS X
  ! system, we get the list of all the notebooks in the current directory: In [4]: !ls *.ipynb notebook1.ipynb  ...
  On Windows, you should replace with . ls dir
  A Tour of Interactive Computing with IPython
  5.  IPython comes with a library of magic commands. These commands are convenient shortcuts to common actions. They all start with (the percent character). We can % get the list of all magic commands with :
  %lsmagic In [5]: %lsmagic Out[5]: Available line magics: %alias  %alias_magic  %autocall  %automagic  %autosave  %bookmark %cd  %clear  %cls  %colors  %config  %connect_info  %copy  %ddir %debug  %dhist  %dirs  %doctest_mode  %echo  %ed  %edit  %env %gui  %hist  %history  %install_default_config  %install_ext %install_profiles  %killbgscripts  %ldir  %less  %load  %load_ext %loadpy  %logoff  %logon  %logstart  %logstate  %logstop  %ls %lsmagic  %macro  %magic  %matplotlib  %mkdir  %more  %notebook %page  %pastebin  %pdb  %pdef  %pdoc  %pfile  %pinfo  %pinfo2 %popd  %pprint  %precision  %profile  %prun  %psearch  %psource %pushd  %pwd  %pycat  %pylab  %qtconsole  %quickref  %recall %rehashx  %reload_ext  %ren  %rep  %rerun  %reset  %reset_ selective  %rmdir  %run  %save  %sc  %store  %sx  %system  %tb %time  %timeit  %unalias  %unload_ext  %who  %who_ls  %whos  %xdel %xmode Available cell magics: %%!  %%HTML  %%SVG  %%bash  %%capture  %%cmd  %%debug  %%file %%html  %%javascript  %%latex  %%perl  %%powershell  %%prun %%pypy  %%python  %%python3  %%ruby  %%script  %%sh  %%svg  %%sx %%system  %%time  %%timeit  %%writefile Cell magics have a
  %% prefix; they concern entire code cells.
  6.  For example, the %%writefile cell magic lets us create a text file easily. This magic command accepts a filename as an argument. All the remaining lines in the cell are and write directly written to this text file. Here, we create a file test.txt Hello in it: world! In [6]: %%writefile test.txt Hello world! Writing test.txt In [7]: # Let's check what this file contains. with open('test.txt', 'r') as f: print(f.read()) Hello world! 7.  As we can see in the output of , there are many magic commands in IPython.
  %lsmagic after it. For example, to
  We can find more information about any command by adding ? get some help about the magic command, we type as shown here: %run %run?
  In [9]: %run? Type:        Magic function Namespace:   IPython internal
  Chapter 1 ... Docstring: Run the named file inside IPython as a program.
  [full documentation of the magic command...]
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