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Preface



Data analytics and data science have garnered a lot of attention from businesses around the world. The amount of data generated these days is mind-boggling, and it keeps growing everyday; with the proliferation of mobiles, access to Facebook, YouTube, Netflix, or other 4K video content providers, and increasing reliance on cloud computing, we can only expect this to increase.
The task of a data scientist is to clean, transform, and analyze the data in order to provide the business with insights about its customers and/or competitors, monitor the health of the services provided by the company, or automatically present recommendations to drive more opportunities for cross-selling (among many others).
In this book, you will learn how to read, write, clean, and transform the data—the tasks that are the most time-consuming but also the most critical. We will then present you with a broad array of tools and techniques that any data scientist should master, ranging from classification, clustering, or regression, through graph theory and time-series analysis, to discrete choice modeling and simulations. In each chapter, we will present an array of detailed examples written in Python that will help you tackle virtually any problem that you might encounter in your career as a data scientist.
What this book covers




Chapter 1, Preparing the Data, covers the process of reading and writing from and to various data formats and databases, as well as cleaning the data using OpenRefine and Python.

Chapter 2, Exploring the Data, describes various techniques that aid in understanding the data. We will see how to calculate distributions of variables and correlations between them and produce some informative charts.

Chapter 3, Classification Techniques, introduces several classification techniques, from simple Naïve Bayes classifiers to more sophisticated Neural Networks and Random Tree Forests.

Chapter 4, Clustering Techniques, explains numerous clustering models; we start with the most common k-means method and finish with more advanced BIRCH and DBSCAN models.

Chapter 5, Reducing Dimensions, presents multiple dimensionality reduction techniques, starting with the most renowned PCA, through its kernel and randomized versions, to LDA.

Chapter 6, Regression Methods, covers many regression models, both linear and nonlinear. We also bring back random forests and SVMs (among others) as these can be used to solve either classification or regression problems.

Chapter 7, Time Series Techniques, explores the methods of handling and understanding time series data as well as building ARMA and ARIMA models.

Chapter 8, Graphs, introduces NetworkX and Gephi to handle, understand, visualize, and analyze data in the form of graphs.

Chapter 9, Natural Language Processing, describes various techniques related to the analytics of free-flow text: part-of-speech tagging, topic extraction, and classification of data in textual form.

Chapter 10, Discrete Choice Models, explains the choice modeling theory and some of the most popular models: the Multinomial, Nested, and Mixed Logit models.

Chapter 11, Simulations, covers the concepts of agent-based simulations; we simulate the functioning of a gas station, out-of-power occurrences for electric vehicles, and sheep-wolf predation scenarios.


What you need for this book



For this book, you need a personal computer (it can be a Windows machine, Mac, or Linux) with an installed and configured Python 3.5 environment; we use the Anaconda distribution of Python that can be downloaded at https://www.continuum.io/downloads.
Throughout this book, we use various Python modules: pandas, NumPy/SciPy, SciKit-Learn, MLPY, StatsModels, PyBrain, NLTK, BeautifulSoup, Optunity, Matplotlib, Seaborn, Bokeh, PyLab, OpenPyXl, PyMongo, SQLAlchemy, NetworkX, and SimPy. Most of the modules used come preinstalled with Anaconda, but some of them need to be installed via either the conda installer or by downloading the module and using the python setup.py install command. It is fine if some of those modules are not currently installed on your machine; we will guide you through the installation process.
We also use several non-Python tools: OpenRefine to aid in data cleansing and analysis, D3.js to visualize data, Postgres and MongoDB databases to store data, Gephi to visualize graphs, and PythonBiogeme to estimate discrete choice models. We will provide detailed installation instructions where needed.

Who this book is for



This book is for everyone who wants to get into the data science field and needs to build up their skills on a set of examples that aim to tackle the problems faced in the corporate world. More advanced practitioners might also find some of the examples refreshing and the more advanced topics covered interesting.

Sections



In this book, you will find several headings that appear frequently (Getting ready, How to do it, How it works, There's more, and See also).
To give clear instructions on how to complete a recipe, we use these sections as follows:
Getting ready



This section tells you what to expect in the recipe, and describes how to set up any software or any preliminary settings required for the recipe.

How to do it…



This section contains the steps required to follow the recipe.

How it works…



This section usually consists of a detailed explanation of what happened in the previous section.

There's more…



This section consists of additional information about the recipe in order to make the reader more knowledgeable about the recipe.

See also



This section provides helpful links to other useful information for the recipe.


Conventions



In this book, you will find a number of text styles 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: "We can include other contexts through the use of the include directive."
A block of code is set as follows:
for p in all_disputed_transactions:
    try:
        transactions[p[0]].append(p[2]['amount'])
    except:
        transactions[p[0]] = [p[2]['amount']]

Any command-line input or output is written as follows:

cd networkx
python setup.py install



New terms and important words are shown in bold. Words that you see on the screen, for example, in menus or dialog boxes, appear in the text like this: "We start with using Range on the age filter."
Note
Warnings or important notes appear in a box like this.


Tip
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 disliked. Reader feedback is important for us as it helps us develop titles that you will really get the most out of.
To send us general feedback, simply e-mail <feedback@packtpub.com>, and mention the book's title in 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 at 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 from your account at http://www.packtpub.com for all the Packt Publishing books you have purchased. If you purchased this book elsewhere, you can visit http://www.packtpub.com/support and register to have the files e-mailed directly to you.
You can download the code files by following these steps:
	Log in or register to our website using your e-mail address and password.
	Hover the mouse pointer on the SUPPORT tab at the top.
	Click on Code Downloads & Errata.
	Enter the name of the book in the Search box.
	Select the book for which you're looking to download the code files.
	Choose from the drop-down menu where you purchased this book from.
	Click on Code Download.


You can also download the code files by clicking on the Code Files button on the book's webpage at the Packt Publishing website. This page can be accessed by entering the book's name in the Search box. Please note that you need to be logged in to your Packt account.
Once the file is downloaded, please make sure that you unzip or extract the folder using the latest version of:
	WinRAR / 7-Zip for Windows
	Zipeg / iZip / UnRarX for Mac
	7-Zip / PeaZip for Linux


The code bundle for this book is also available on GitHub at https://github.com/drabastomek/practicalDataAnalysisCookbook/tree/master/Data.

Downloading the color images of this book



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. You can download this file from https://www.packtpub.com/sites/default/files/downloads/practicaldataanalysiscookbook_ColorImages.pdf.

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 could 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 http://www.packtpub.com/submit-errata, selecting your book, clicking on 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 to our website or added to any list of existing errata under the Errata section of that title.
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Piracy



Piracy of copyrighted 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.
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Questions



If you have a problem with any aspect of this book, you can contact us at <questions@packtpub.com>, and we will do our best to address the problem.


Chapter 1. Preparing the Data



In this chapter, we will cover the basic tasks of reading, storing, and cleaning data using Python and OpenRefine. You will learn the following recipes:
	Reading and writing CSV/TSV files with Python
	Reading and writing JSON files with Python
	Reading and writing Excel files with Python
	Reading and writing XML files with Python
	Retrieving HTML pages with pandas
	Storing and retrieving from a relational database
	Storing and retrieving from MongoDB
	Opening and transforming data with OpenRefine
	Exploring the data with OpenRefine
	Removing duplicates
	Using regular expressions and GREL to clean up the data
	Imputing missing observations
	Normalizing and standardizing features
	Binning the observations
	Encoding categorical variables


Introduction



For the following set of recipes, we will use Python to read data in various formats and store it in RDBMS and NoSQL databases.
All the source codes and datasets that we will use in this book are available in the GitHub repository for this book. To clone the repository, open your terminal of choice (on Windows, you can use command line, Cygwin, or Git Bash and in the Linux/Mac environment, you can go to Terminal) and issue the following command (in one line):

git clone https://github.com/drabastomek/practicalDataAnalysisCookbook.git


Tip
Note that you need Git installed on your machine. Refer to https://git-scm.com/book/en/v2/Getting-Started-Installing-Git for installation instructions.


In the following four sections, we will use a dataset that consists of 985 real estate transactions. The real estate sales took place in the Sacramento area over a period of five consecutive days. We downloaded the data from https://support.spatialkey.com/spatialkey-sample-csv-data/—in specificity, http://samplecsvs.s3.amazonaws.com/Sacramentorealestatetransactions.csv. The data was then transformed into various formats that are stored in the Data/Chapter01 folder in the GitHub repository.
In addition, you will learn how to retrieve information from HTML files. For this purpose, we will use the Wikipedia list of airports starting with the letter A, https://en.wikipedia.org/wiki/List_of_airports_by_IATA_code:_A.
To clean our dataset, we will use OpenRefine; it is a powerful tool to read, clean, and transform data.


Reading and writing CSV/TSV files with Python



CSV and TSV formats are essentially text files formatted in a specific way: the former one separates data using a comma and the latter uses tab \t characters. Thanks to this, they are really portable and facilitate the ease of sharing data between various platforms.
Getting ready



To execute this recipe, you will need the pandas module installed. These modules are all available in the Anaconda distribution of Python and no further work is required if you already use this distribution. Otherwise, you will need to install pandas and make sure that it loads properly.
Note
You can download Anaconda from http://docs.continuum.io/anaconda/install. If you already have Python installed but do not have pandas, you can download the package from https://github.com/pydata/pandas/releases/tag/v0.17.1 and follow the instructions to install it appropriately for your operating system (http://pandas.pydata.org/pandas-docs/stable/install.html).


No other prerequisites are required.

How to do it…



The 
pandas module is a library that provides high-performing, high-level data structures (such as DataFrame) and some basic analytics tools for Python.
Note
The DataFrame is an Excel table-like data structure where each column represents a feature of your dataset (for example, the height and weight of people) and each row holds the data (for example, 1,000 random people's heights and weights). See http://pandas.pydata.org/pandas-docs/stable/dsintro.html#dataframe.


The module provides methods that make it very easy to read data stored in a variety of formats. Here's a snippet of a code that reads the data from CSV and TSV formats, stores it in a pandas DataFrame structure, and then writes it back to the disk (the read_csv.py file):
import pandas as pd

# names of files to read from
r_filenameCSV = '../../Data/Chapter01/realEstate_trans.csv'
r_filenameTSV = '../../Data/Chapter01/realEstate_trans.tsv'

# names of files to write to
w_filenameCSV = '../../Data/Chapter01/realEstate_trans.csv'
w_filenameTSV = '../../Data/Chapter01/realEstate_trans.tsv'

# read the data
csv_read = pd.read_csv(r_filenameCSV)
tsv_read = pd.read_csv(r_filenameTSV, sep='\t')

# print the first 10 records
print(csv_read.head(10))
print(tsv_read.head(10))

# write to files
with open(w_filenameCSV,'w') as write_csv:
    write_csv.write(tsv_read.to_csv(sep=',', index=False))

with open(w_filenameTSV,'w') as write_tsv:
    write_tsv.write(csv_read.to_csv(sep='\t', index=False))

Now, open the command-line console (on Windows, you can use either command line or Cygwin and in the Linux/Mac environment, you go to Terminal) and execute the following command:

python read_csv.py


You shall see an output similar to the following (abbreviated):

Baths beds      city        latitude   longitude    price  \
0      1     2  SACRAMENTO  38.631913 -121.434879  59222  
1      1     3  SACRAMENTO  38.478902 -121.431028  68212  
2      1     2  SACRAMENTO  38.618305 -121.443839  68880 
...


Tip

Downloading the example code

You can download the example code files for this book from your account at http://www.packtpub.com. If you purchased this book elsewhere, you can visit http://www.packtpub.com/support and register to have the files e-mailed directly to you.
You can download the code files by following these steps:
	Log in or register to our website using your e-mail address and password.
	Hover the mouse pointer on the SUPPORT tab at the top.
	Click on Code Downloads & Errata.
	Enter the name of the book in the Search box.
	Select the book for which you're looking to download the code files.
	Choose from the drop-down menu where you purchased this book from.
	Click on Code Download.


Once the file is downloaded, please make sure that you unzip or extract the folder using the latest version of:
	WinRAR / 7-Zip for Windows
	Zipeg / iZip / UnRarX for Mac
	7-Zip / PeaZip for Linux





How it works…



First, we load pandas to get access to the DataFrame and all its methods that we will use to read and write the data. Note that we alias the pandas module using as and specifying the name, pd; we do this so that later in the code we do not need to write the full name of the package when we want to access DataFrame or the read_csv(...) method. We store the filenames (for the reading and writing) in r_filenameCSV(TSV) and w_filenameCSV(TSV) respectively.
To read the data, we use pandas' read_csv(...) method. The method is very universal and accepts a variety of input parameters. However, at a minimum, the only required parameter is either the filename of the file or a buffer that is, an opened file object. In order to read the realEstate_trans.tsv file, you might want to specify the sep='\t' parameter; by default, read_csv(...) will try to infer the separator but I do not like to leave it to chance and always specify the separator explicitly.
As the two files hold exactly the same data, you can check whether the files were read properly by printing out some records. This can be accomplished using the .head(<no_of_rows>) method invoked on the DataFrame object, where <no_of_rows> specifies how many rows to print out.
Storing the data in pandas' DataFrame object means that it really does not matter what format the data was initially in; once read, it can then be saved in any format supported by pandas. In the preceding example, we write the contents read from a CSV file to a file in a TSV format.
The with open(...) as ...: structure should always be used to open files for either reading or writing. The advantage of opening files in this way is that it closes the file properly once you are done with reading from or writing to even if, for some reason, an exception occurs during the process.
Note
An exception is a situation that the programmer did not expect to see when he or she wrote the program.
Consider, for example, that you have a file where each line contains only one number: you open the file and start reading from it. As each line of the file is treated as text when read, you need to transform the read text into an integer—a data structure that a computer understands (and treats) as a number, not a text.
All is fine if your data really contains only numbers. However, as you will learn later in this chapter, all data that we gather is dirty in some way, so if, for instance, any of the rows contains a letter instead of a number, the transformation will fail and Python will raise an exception.


The open(<filename>, 'w') command opens the file specified by <filename> to write (the w parameter). Also, you can open files in read mode by specifying 'r' instead. If you open a file in the 'r+' mode, Python will allow a bi-directional flow of data (read and write) so you will be able to append contents at the end of the file if needed. You can also specify rb or wb for binary type of data (not text).
The .to_csv(...) method converts the content of a DataFrame to a format ready to store in a text file. You need to specify the separator, for example, sep=',', and whether the DataFrame index is to be stored in the file as well; by default, the index is also stored. As we do not want that, you should specify index=False.
Note
The DataFrame's index is essentially an easy way to identify, align, and access your data in the DataFrame. The index can be a consecutive list of numbers (just like row numbers in Excel) or dates; you can even specify two or more index columns. The index column is not part of your data (even though it is printed to screen when you print the DataFrame object). You can read more about indexing at http://pandas.pydata.org/pandas-docs/stable/indexing.html.



There's more…



Described here is the easiest and quickest way of reading data from and writing data to CSV and TSV files. If you prefer to hold your data in a data structure other than pandas' DataFrame, you can use the csv module. You then read the data as follows (the read_csv_alternative.py file):
import csv

# names of files to read from
r_filenameCSV = '../../Data/Chapter01/realEstate_trans.csv'
r_filenameTSV = '../../Data/Chapter01/realEstate_trans.tsv'

# data structures to hold the data
csv_labels = []
tsv_labels = []
csv_data = []
tsv_data = []

# read the data
with open(r_filenameCSV, 'r') as csv_in:
    csv_reader = csv.reader(csv_in)

    # read the first line that holds column labels
    csv_labels = csv_reader.__next__()
   
    # iterate through all the records
    for record in csv_reader:
        csv_data.append(record)

with open(r_filenameTSV, 'r') as tsv_in:
    tsv_reader = csv.reader(tsv_in, delimiter='\t')

    tsv_labels = tsv_reader.__next__()
   
    for record in tsv_reader:
        tsv_data.append(record)

# print the labels
print(csv_labels, '\n')
print(tsv_labels, '\n')

# print the first 10 records
print(csv_data[0:10],'\n')
print(tsv_data[0:10],'\n')

We store the labels and data in separate lists, csv(tsv)_labels and csv(tsv)_data respectively. The .reader(...) method reads the data from the specified file line by line. To create a .reader(...) object, you need to pass an open CSV or TSV file object. In addition, if you want to read a TSV file, you need to specify the delimiter as well, just like DataFrame.
Tip
The csv module also provides the csv.writer object that allows saving data in a CSV/TSV format. See the documentation of the csv module at https://docs.python.org/3/library/csv.html.



See also



Check the pandas documentation for read_csv(...) and write_csv(...) to learn more about the plethora of parameters these methods accept. The documentation can be found at http://pandas.pydata.org/pandas-docs/stable/io.html#io-read-csv-table.


Reading and writing JSON files with Python




JSON stands for JavaScript Object Notation. It is a hierarchical dictionary-like structure that stores key-value pairs separated by a comma; the key-value pairs are separated by a colon ':'. JSON is platform-independent (like XML, which we will cover in the Reading and writing XML files with Python recipe) making sharing data between platforms very easy. You can read more about JSON at http://www.w3schools.com/json/.
Getting ready



To execute this recipe, you will need Python with the pandas module installed. No other prerequisites are required.

How to do it…



The code to read a JSON file is as follows. Note that we assume the pandas module is already imported and aliased as pd (the read_json.py file):
# name of the JSON file to read from
r_filenameJSON = '../../Data/Chapter01/realEstate_trans.json'

# read the data
json_read = pd.read_json(r_filenameJSON)

# print the first 10 records
print(json_read.head(10))


How it works…



This code works in a similar way to the one introduced in the previous section. First, you need to specify the name of the JSON file—we store it in the r_filenameJSON string. Next, use the read_json(...) method of pandas, passing r_filenameJSON as the only parameter.
The read data is stored in the json_read DataFrame object. We then print the bottom 10 observations using the .tail(...) method. To write a JSON file, you can use the .to_json() method on DataFrame and write the returned data to a file in a similar manner as discussed in the Reading and writing CSV/TSV files with Python recipe.

There's more…



You can read and write JSON files using the json module as well. To read data from a JSON file, you can refer to the following code (the read_json_alternative.py file):
# read the data
with open('../../Data/Chapter01/realEstate_trans.json', 'r') \
    as json_file:
        json_read = json.loads(json_file.read())

This code reads the data from the realEstate_trans.json file and stores it in a json_read list. It uses the .read() method on a file that reads the whole content of the specified file into memory. To store the data in a JSON file, you can use the following code:
# write back to the file
with open('../../Data/Chapter01/realEstate_trans.json', 'w') \
    as json_file:
        json_file.write(json.dumps(json_read))


See also



Check the pandas documentation for read_json at http://pandas.pydata.org/pandas-docs/stable/io.html#io-json-reader.


Reading and writing Excel files with Python



Microsoft Excel files are arguably the most widely used format to exchange data in a tabular form. In the newest incarnation of the XLSX format, Excel can store over one million rows and over 16 thousand columns in a single worksheet.
Getting ready



To execute this recipe, you will need the pandas module installed. No other prerequisites are required.

How to do it…



The following is the code to read the Excel file. Note that we assume the pandas module is already imported and aliased as pd (the read_xlsx.py file):
# name of files to read from and write to
r_filenameXLSX = '../../Data/Chapter01/realEstate_trans.xlsx'
w_filenameXLSX = '../../Data/Chapter01/realEstate_trans.xlsx'

# open the Excel file
xlsx_file = pd.ExcelFile(r_filenameXLSX)

# read the contents
xlsx_read = {
    sheetName: xlsx_file.parse(sheetName)
        for sheetName in xlsx_file.sheet_names
}

# print the first 10 prices for Sacramento
print(xlsx_read['Sacramento'].head(10)['price'])

# write to Excel
xlsx_read['Sacramento'] \
    .to_excel(w_filenameXLSX, 'Sacramento', index=False)


How it works…



We follow a similar manner to the previous examples. We first open the XLSX file and assign it to the xlsx_file object using pandas' ExcelFile(...) method. We employ the .parse(...) method to do the work for us and read the contents of the specified worksheet; we store it in the xlsx_read dictionary. Note that you get access to all the worksheets in the Excel file through the .sheet_names property of the ExcelFile object.
To create the xlsx_read dictionary, we use Pythonic dictionary comprehension: instead of looping through the sheets explicitly and then adding the elements to the dictionary, we use the dictionary comprehension to make the code more readable and compact.
Note
The comprehensions make it easy to understand the code as they mimic mathematical notations. Consider, for example, the following list of powers of 2: (A = (20, 21, 22, ..., 28) = (2x: 0 <= x < 9), x is an integer). It can then easily be translated into Python using a list comprehension: A = [2**x for x in range(0, 9)]. This would create the following list: A = [1, 2, 4, 8, 16, 32, 64, 128, 256].
Also, in Python, the comprehensions are also a tiny bit faster than explicit loops (http://stackoverflow.com/questions/22108488/are-list-comprehensions-and-functional-functions-faster-than-for-loops).
The range(<from>,<to>) command generates a sequence of integers starting at <from> and extending to <to> less one. For example, range(0,3) will generate a sequence 0, 1, 2.


Storing the data in an Excel file is also very easy. All that is required is to invoke the .to_excel(...) method, where the first parameter is the name of the file you want to save the data to and the second one specifies the name of the worksheet. In our example, we also specified the additional index=False parameter that instructs the method not to save the index; by default, the .to_excel(...) method saves the index in column A.

There's more…



Alternatively to reading Excel files using pandas' read_excel(...), there are multiple Python modules you can use that provide Excel data reading capabilities. pandas uses the xlrd (https://secure.simplistix.co.uk/svn/xlrd/trunk/xlrd/doc/xlrd.html?p=4966) module to read the data and then converts it to a DataFrame. For XLSX files, you can also use the openpyxl module (the read_xlsx_alternative.py file):
import openpyxl as oxl

# name of files to read from
r_filenameXLSX = '../../Data/Chapter01/realEstate_trans.xlsx'

# open the Excel file
xlsx_wb = oxl.load_workbook(filename=r_filenameXLSX)

# names of all the sheets in the workbook
sheets = xlsx_wb.get_sheet_names()

# extract the 'Sacramento' worksheet
xlsx_ws = xlsx_wb[sheets[0]]

We first read the contents of the Excel file and store it in xlsx_wb (workbook). From the workbook, we extract the names of all the worksheets and put it in the sheets variable. As we have only one worksheet in our workbook, the 
sheets variable equals to 'Sacramento'. We use it to create an xlsx_ws object that allows iterating through all the rows:
labels = [cell.value for cell in xlsx_ws.rows[0]]
  
data = [] # list to hold the data

for row in xlsx_ws.rows[1:]:
    data.append([cell.value for cell in row])

The first row contains the labels for all the columns so it is a good idea to store this separately—we put it in the labels variable. We then iterate through all the rows in the worksheet, using the .rows iterator, and append the values of all the cells to the data list:
print(
    [item[labels.index('price')] for item in data[0:10]]
)

The last part of the code prints out the prices of properties for the top 10 rows. We use list comprehension to create a list of the prices. You can find the first occurrence of a certain item in a list by calling .index(...) on a list object, as we did in this example.

See also



Check the pandas documentation for read_excel at http://pandas.pydata.org/pandas-docs/stable/io.html#io-excel. Also, you can visit http://www.python-excel.org for a list of modules that allow you to work with data stored in different Excel formats, both older .xls and newer .xlsx files.


Reading and writing XML files with Python



XML stands for eXtensible Markup Language. Although not as popular to store data as the formats described previously, certain web APIs return XML-encoded information on request.
An XML-encoded document has a tree-like structure. To read the contents, we start at the root of the tree (normally, the name of the element that follows the XML declaration <?xml version="1.0" encoding="UTF-8"?>; every XML-encoded document needs to begin with such declaration). In our case, the root of our XML-encoded document is <records>. A single <record>...</record> contains a list of <var var_name=...>...</var>.
Note
Warning: The xml module is not secure. Caution is required when dealing with XML-encoded messages from untrusted sources. An attacker might access local files, carry out DoS attacks, and more. Refer to the documentation for the xml module at https://docs.python.org/3/library/xml.html.


Getting ready



In order to execute the following recipe, you need the pandas and xml modules available. No other prerequisites are required.

How to do it…



Reading the data from an XML file directly to a pandas DataFrame requires some supplementary code; this is because each XML file has a different structure and requires a made-to-fit parsing. We will define the innards of the methods defined in the following section of this recipe. The source code for this section can be found in the read_xml.py file:
import pandas as pd
import xml.etree.ElementTree as ET

def read_xml(xml_tree):
    '''
        Read an XML encoded data and return pd.DataFrame
    '''

def iter_records(records):
    '''
        Generator to iterate through all the records
    '''

def write_xml(xmlFileName, data):
    '''
        Save the data in an XML format
    '''

def xml_encode(row):
    '''
        Encode the row as an XML with a specific hierarchy
    '''

# names of files to read from and write to
r_filenameXML = '../../Data/Chapter01/realEstate_trans.xml'
w_filenameXML = '../../Data/Chapter01/realEstate_trans.xml'

# read the data
xml_read = read_xml(r_filenameXML)

# print the first 10 records
print(xml_read.head(10))

# write back to the file in an XML format
write_xml(w_filenameXML, xml_read)


How it works…



Let's analyze the preceding code step by step. First, we import all the modules that we need. The xml.etree.ElementTree module is a lightweight XML parser of the XML tree and we will use it to parse the XML structure of our file. As before, we define names of the files to read and write in separate variables (r_filenameXML, w_filenameXML).
To read the data from the XML-encoded file, we use the 
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