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Programming and frameworks for ML

Python for data analyis
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About Me

 Big Data Consultant at Santander / Big Data Lecturer
● More than 20 years of experience in different environments, 
technologies, customers, countries ...

● Passionate about data and technology
● Enthusiastic about Big Data world and NoSQL

daniel.villanueva@immune.institute
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Reading / Writing data

● Pandas supports the integration with many file 
formats or data sources out of the box (csv, excel, 
sql, json, parquet,…).
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Reading data in text format

● The function pd.read_csv() allows you to read a 
file and store it in a DataFrame

● With the default options, files must have a header 
(first row) and the separator is a comma

● The file could be both on disk and on the network
● The file can be compressed!

https://pandas.pydata.org/pandas-docs/stable/user_guide/io.html
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Reading data in text format

● Sometimes the separator is something different to a 
comma, for example a pipe (|).

● Use the sep argument to change the separator
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Reading data in text format

● We can use the header parameter to tell pandas 
where the header is located (None if the data don’t 
have a header)
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Reading data in text format

● If the file don’t have a header we can specify the 
columns’ names with the names parameter
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Reading data in text format

● The na_values parameter specifies the format of 
null values in the dataset
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Reading data in text format

● The pd.read_fwf() function allows you to read a 
file when the columns have fixed positions
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Reading data in text format

● The colspecs parameter allows you specify the 
actual positions for the columns
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Reading data from Excel

● Pandas also allows you to read an Excel format file
● If we want to read several sheets of the same Excel 

file, it is convenient to first load the file in memory 
with the pd.ExcelFile() method
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Reading data from a JSON file

● Using the pd.read_json() function, pandas will 
read data in JSON format and load it into a 
DataFrame
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Reading data from a JSON file

● An alternative is to use the json library with the 
Pandas Dataframe function
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Reading data from a Web Service

● To get data from a web service we could use the 
request library

https://api.github.com/repos/pandas-dev/pandas/issues
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Exploring data from a Web Service

● To explore data from a web service we could use 
the curl command 



17

Reading data from HTML

● Pandas allows to read a file with HTML format 
through the read_html() function

https://en.wikipedia.org/wiki/Minnesota
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Reading data from HTML

● This function returns a list of dataframes (there may 
be several tables on the website)
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Reading data from PDF

● There are several options to read data from PDF 
format

● One option is to use a open source utility called 
tabula (java required)

https://tabula.technology/

https://tabula.technology/
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Reading data from PDF
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Reading data from PDF



22

Writing Data

● Once we have a DataFrame in memory, we could 
write it to disk with one of the following functions:
● dataframe. to_csv("file.csv")
● dataframe. to_excel("file.xlsx")
● dataframe. to_json("file.json")
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Working with databases

● The sqlalchemy package allows you to connect 
to a relational database

● We have to create an engine to connect with the 
database and use the appropiate connecting string

https://www.sqlalchemy.org/
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Working with databases

● pd.to_sql() funcion allows you to save a Pandas 
Dataframe to the database 

Note: The ‘echo’ param shows the commands sent to de Database
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Working with databases

● pd.read_sql_table() and pd.read_sql_query() 
allow you to read data from a database to a Pandas 
Dataframe
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Working with databases

● Jupyter and the ipython_sql extension lets you 
work wih SQL and Pandas
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Pickle data format

● Picket is a binary file format for storing python 
objects.

● Faster than CSV (~200%) and smaller (~50%)
● Keeps the information about data types 
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Feather data format

● Feather is a portable file format for storing 
data frames (from languages like Python or R)
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Feather data format

● We can save data in Python and reading the 
same data in R
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Fake Data

● There are times when we need to quickly 
generate fake data 

https://faker.readthedocs.io/
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Other sources

● We can read data from practically any source
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Exercise 1

● Load the information from the following url into a 
Dataframe called 'df1':
https://raw.githubusercontent.com/justmarkham/DAT8/master/data/chipotle.tsv

● Load in a Dataframe called 'df2', the information of 
the following url: 
https://raw.githubusercontent.com/justmarkham/DAT8/master/data/u.user

https://raw.githubusercontent.com/justmarkham/DAT8/master/data/chipotle.tsv
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Exercise 2

● Write the dataframes from the previous exercise in 
an excel called "Data.xlsx"
● df1' save it on a sheet called 'chipotle' (without the index)
● 'df2' on another sheet called 'user'

● Recover in a different DataFrame the information 
from the 'user' sheet of the excel file "Data.xlsx".
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Exercise 3

• Read the dataset “Provincias” from

https://sedeaplicaciones.minetur.gob.es/ServiciosRESTCarburantes/PreciosCarburantes/Listados/Provincias/

https://sedeaplicaciones.minetur.gob.es/ServiciosRESTCarburantes/PreciosCarburantes/Listados/Provincias/


38

Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Exploring a DataFrame

● df.info() shows summary information about the 
DataFrame
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Exploring a DataFrame

● df.describe() returns a DataFrame with statistical 
information of each of the numerical columns

https://www.w3resource.com/pandas/dataframe/dataframe-describe.php
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Exploring a DataFrame

● df.describe() only describe numerical columns 
but can be fixed with the “include” parameter
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Exploring a DataFrame

● describe() function can be applied to a Serie
● Returns different information depending on the type 

of the Serie
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Exploring a DataFrame

● df.corr() returns a DataFrame with the result of 
applying the correlation function in each of the 
numerical columns (all with all)
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Exploring a DataFrame

● Using the Python visualization tools we could 
visualize the correlation matrix
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Exploring a DataFrame

● df.head() returns the first rows of the DataFrame
● We can specify the number of rows
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Exploring a DataFrame

● df.head() is similar to the LIMIT clause in SQL
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Exploring a DataFrame

● df.tail() returns the last rows of the DataFrame
● We can specify the number of rows
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Obtain a data sample

● df.sample() returns a sample of the Dataframe
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Obtain a data sample

● If we want always the same sample we have to set 
the random_state parameter
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Exercise 4 (1/2)

● Load the league data that is in an Excel file called 
"LigaBBVA_20170329.xlsx" and load it into a 
variable called ‘liga’
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Exercise 4 (2/2)

● Display information about the Dataframe
● Describe all the dataset’s columns
● Show the first 3 rows
● Show the last 2 rows
● Show a sample of 4 rows
● Check if any of the columns correlate with any 

other
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Common operations in a Dataframe

● Pandas has a set of methods to perform lots of 
operations over a dataset to analyze and 
manipulate the data

● All these functions have in common is that they do 
not modify the dataframe, but return another 
dataframe

● This allows concatenate operations until the 
required result is achieved 
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Rename columns

● This operation lets us rename columns in our 
dataset
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Rename columns

● The rename() method allows you to rename the 
column index of a Dataframe
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Rename columns

● We could use a lambda function to make a 
transformation in the actual column names
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Rename columns

● Another option is use set_axis() method to 
rename the dataset with a list of columns
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Rename columns

● There are certain cases where the header is a row 
from the dataset itself

● We have to drop the row with the header after  the 
dataset is renamed
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Exercise 5

● About the DataFrame “liga”:
● Rename the name of the columns making sure they 

are materialized in the dataset
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Exercise 6

● About the DataFrame “liga":
● Rename the columns to convert them to capital 

letters (but do not materialize it in the DataFrame)
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Column Selection

● This operation lets us filter columns in our 
dataset
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Column Selection

● The filter() function is used to Subset rows or 
columns of the dataframe according to labels in the 
specified index. 

para filtrar columnas y reordenar columnas
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Column Selection

● The filter() function can be used to reorder the 
columns …
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Column Selection

● The filter() function admits a regular expresion 
instead a list of columns
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Selecting unique values

● This operation lets us select distinct values in 
the columns of our dataset
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Selecting unique values

● To select unique values  we have to use the 
df.drop_duplicates() function
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Selecting unique values

● We can select one or more columns
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Exercise 7 (1/2)

● About the DataFrame “liga":
● Select the “Puesto" and "Puntos" columns. Limit to 

3 rows

● Select all the columns with “Puesto" and "Puntos“ 
using a regex
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Exercise 7 (1/2)

● Select unique values of “PartidosJugados” and  
“Empates” columns
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Row filtering

● This operation lets us filter rows in our dataset
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Row filtering

● The query() function allows you to filter the rows 
of a Dataframe in the same way that the WHERE 
clause in a SQL statement does

http://jose-coto.com/query-method-pandas
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Row filtering

● Note that you have to use a backslash (\) with 
multiline querys
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Row filtering

● The query() function don’t work with NULL 
expresions (at this very moment) but you can use 
isnull() or notnull() function
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Row filtering

● You can include any Pandas function in a query
● For older versions of Pandas (< 1.2) the parameter 

engine=“python” is required.

https://pandas.pydata.org/pandas-docs/stable/reference/series.html
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String Columns

● Pandas provides lots of vectorized string functions 
for string columns 

● All these functions are available throw the str 
property
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Date Columns

● It is posible compare a date column with a string 
literal with a specific format (‘YYYY-MM-DD’ or 
‘YYYY-MM-DD HH:MM:DD’)

● A datetime column has the dt property to access 
individual components of a date
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Slices

● We could select a subset of rows specifying a 
slice (two integer numbers separated by a colon) 
directly or using the iloc method
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Exercise 8

● About the DataFrame “liga":
● Search rows for Real Madrid and Barcelona

● Search rows whose ‘Puesto’ is less than or equal to 
2 or more than or equal to 20
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Exercise 9

● Search rows with the ‘Equipo’ field is NULL

● Search rows whose ‘Victorias’ are greater than or 
equal to 18 and the ‘Goles Favor’ are greater than 
60
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Ordering rows

● This operation lets us sort rows in our dataset
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Ordering rows

● The sort_values() function allows you to sort 
through the values of the DataFrame
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Ordering rows

● The ascending parameter allows you to set the 
ascending / descending order
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Exercise 10

● About the dataframe “league”
● Sort the Dataframe by “Puesto” (Descending) 

● Sort the DataFrame by the ‘PartidosJugados’ 
(Ascending), ‘Victorias’ (Descending) and 
‘GolesFavor’  (Ascending) columns
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Change columns, or add new ones

● This operation lets us add new columns or 
change existings ones in our dataset
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Change columns, or add new ones

● The assign() function makes easier adding new 
columns to our dataset
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Change columns, or add new ones

● It even allows us to change existing columns in our 
dataset
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Change columns, or add new ones

● We can use a lambda function or anything that 
returns a Serie
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Change columns, or add new ones

● Lambda functions facilitates you concatentate 
operations in a dataframe
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Change columns, or add new ones

● We can only use vectorized functions
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Change columns, or add new ones

● np.vectorize() lets us to convert any python 
function into a vectorized one
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Calculating Trends

● Calculating trends is common when we have a time 
serie
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Calculating Trends

● The shift() function calculates the previous (or 
subsequent) value in the time serie  
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Date Columns

● A datetime column has the dt property to access 
individual components of a date
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Exercise 11 (1/2)

● On the DataFrame “liga”, create the following 
columns:

● ‘DiferenciaGoles’= ‘GolesFavor’ minus 
‘GolesContra’

● ‘PorcentajeGoles’ = ‘GolesFavor’ / Sum of the 
‘GolesFavor’ of all the teams

● PercentageVictorias = Victories / Matches Played
● Materialize this new columns on the dataset
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Exercise 11 (2/2)
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Exercise 12 (1/2)

● On the DataFrame “liga", create the following 
columns:

● DiferenciaPuntos = Difference in ‘Puntos’ between 
a team and the team immediately below it in the 
ranking (series.shift(n))

● Temporada = "2016-2017”
● Materialize this new columns on the dataset



109

Exercise 12 (2/2)
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Deleting rows

● This operation lets us delete rows in our dataset
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Deleting rows

● The drop() function allows you to delete both rows 
and columns by specifying an array of index names

● It delete rows by default
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Deleting rows

● We can not use a condition to delete rows with 
drop()
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Deleting rows

● An alternative to drop rows with a condition is 
selecting only the rows that we want to keep using 
then query() function
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Deleting rows

● Or we can delete rows selecting the rows we want 
to keep using the iloc property …
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Deleting columns
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Deleting columns

● An alternative is to select only with the columns that 
we want to keep in the dataset using the filter() 
function
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Exercise 13 (1/2)

● About the DataFrame “league”
● Delete row 0
● Delete the “Temporada" column
● Materialize this changes on the dataset
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Exercise 13 (2/2)
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Grouping rows

● This operation lets us group rows in our dataset

https://pandas.pydata.org/pandas-docs/stable/user_guide/groupby.html
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Grouping rows

● Pandas has a series of functions that allow to 
obtain data from groupings
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Grouping rows

● The groupby() function allows you to group rows 
and generate groups
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Grouping rows

● Once you have a group, you can use grouping 
functions such as count(), sum(), mean(), 
first(), last() etc.
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Grouping rows

https://pandas.pydata.org/pandas-docs/stable/reference/groupby.html
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Grouping rows
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Grouping rows

● A column is shown depending of its type and the 
grouping function that we used
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Grouping rows

● size() counts all rows including null values
● Return a Serie instead a Dataframe
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Grouping rows

● size() allows to check if a group of columns has 
unique values in the dataset
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Grouping rows by multiple columns

● In case of grouping for more than a column we will 
use a list of columns as parameter
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Grouping rows

● The aggregate() function allows you to apply a 
set of grouping functions

● Accept a list of functions as parameter

https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.aggregate.html
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Grouping rows

● We can select a specific column from the result 
of the aggregate() function.
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Grouping rows

● The agg() function allows you to obtain new values 
by applying specific function to a given columns
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Transforming rows

● The transform() function applies a grouping 
function to a group, but returns an object with the 
same size as the original dataframe
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Transforming rows
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Reseting the index

● The result of grouping multiple columns is a 
DataFrame with a MultiIndex
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Reseting the index

● We can incorportate the index as regular columns 
with the reset_index() function
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Reseting the index

● Another option is use the as_index parameter in 
the groupby() function
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Aggregate all the data

● This operation lets us group rows taking into 
consideration every row of our dataset
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Aggregate all the data

● In these cases we can use functions like agg or 
aggregate without use groupby previosly
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Exercise 14

● Load the “LigaBBVA_2017329_full.xlsx“ dataset
● Sum “Puntos” and “GolesFavor” for all teams

● By zones, for the fields “Puntos” and “GolesFavor”, 
calculate the sum and count all rows
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Exercise 15

● About the DataFrame "liga“ 
● Filter the ‘Puesto’, ‘Zona’, ‘Equipo’, and ‘Puntos’ 

columns
● Add a new column with the average “Puntos” in 

each Zone
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Exercise 16 (1/2)

● By zones:
● Sum of “PartidosJugados”  
● Sum of “GolesFalor” 
● Average in “Diferencia de Goles”
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Exercise 16 (2/2)

● Add a new column to the previous dataset: 
‘GolesPartido’ : ‘GolesFavor’ / ‘PartidosJugados’

● Show all the teams in each zone
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Concatenating rows

● This operation lets us concatenate two datasets
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Concatenating rows

● The concat() function allows to join several 
DataFrames in a single one
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Concatenating rows

● The reset_index() function rebuilds the index 
after the concatenation ...
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Concatenating rows

● A shortcut for the concat() function when two 
dataframes are joined is the append() function
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Concatenating columns

● With the axis parameter we can concatenate 
columns instead of rows 
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Concatenating columns - Rankings

https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rank.html
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Exercise 17

● Duplicate the content of the dataset "liga"
● Filter the columns “Puesto”, “Equipo”, “Zona” and 

“PartidosJugados”
● Show only the top three positions
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Join

● This operation lets us join two datasets by a 
specific column
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Join

● The merge() function allows to make a join 
between two DataFrames
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Join

● The merge() function allows to make a join 
between two DataFrames

(*) In case of multiple colunns it is posible specify an array of fields
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Join

● The parameters left_on and right_on allow to 
specify different names in both dataframes

Cuando la columna de unión no tiene el mismo nombre:
left_on:'country'
right_on:'capital'
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Join

● The parameter how allows to specify different join 
methods: ‘left’, ‘right’, ‘outer’, ‘inner’

inner:deja los que coinciden
left: coge uno y te mete el reto del otro



165

Anti Join

● The parameter indicator allows to show those 
rows that are not included in the join
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Anti Join

● The parameter how allows to choose in which 
table you want apply the anti-join
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Exercise 18

● Create a DataFrame called “equipos" with the 
content of the Excel file “Equipos.xlsx“

● In the DataFrame “liga“, assign new columns with 
the province of the team and another one with its 
autonomous community (materialize the columns)
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Agenda
● Reading / Writing data
● Exploring a DataFrame
● Renaming columns
● Filtering Columns
● Filtering Rows
● Sorting Data
● Adding new columns
● Deleting Data
● Grouping Data
● Concatenating Data
● Joining Data
● Pivot Tables
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Pivot Tables

● The function pivot_table () allows us to create a 
table where we apply a series of grouping functions 
in a set of values and categories at the same time.

https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.pivot_table.html
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Pivot Tables

● The simplest pivot table must have a DataFrame 
and an index parameter
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Pivot Tables

● You can add the values parameter to filter the 
values that are shown (by default it will show all the 
numerical values)



173

Pivot Tables

● By default, pivot_table uses the mean as 
aggregate function but it can be changed with the 
aggfunc parameter
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Pivot Tables

● You can use a list of aggregate funcions instead a 
single value
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Pivot Tables

● Using the appropriate function you can aggregate 
non numerical columns … 
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Pivot Tables

● The columns parameter provide an additional 
way to segment the actual values you care about.
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Exercise 19

● About the DataFrame “liga",
● Create a pivot table with the average points per 

autonomous community
● Sort the result from highest to lowest
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Exercise 20

● Create a pivot table with the average of “Puntos” 
and “DiferenciaGoles” by autonomous community 
and province
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Exercise 21

● Create a pivot table comparing the “Zona” and the 
autonomous community, where the average points 
are shown, using a fill value of 0 (fill_value)
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THANKS FOR YOUR ATTENTION
Daniel Villanueva Jiménez

daniel.villanueva@immune.institute

@dvillaj
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