
DATA ANALYTICS WITH 

PYTHON

Peter Lo

Data Manipulation with Pandas



Top Python Libraries for Data Science

2Data Analytics with Python @ Peter Lo 2021



What is Pandas?

3

 Pandas is an open-source Python library providing high-

performance, easy-to-use data structures and data 

analysis tools for the Python programming language. 

 Python with Pandas is used in a wide range of fields 

including academic and commercial domains including 

finance, economics, Statistics, analytics, etc.
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Key Features of Pandas

4

 Fast and efficient DataFrame object with default and 
customized indexing.

 Tools for loading data into in-memory data objects from 
different file formats.

 Data alignment and integrated handling of missing data.

 Reshaping and pivoting of date sets.

 Label-based slicing, indexing and subsetting of large data 
sets.

 Columns from a data structure can be deleted or inserted.

 Group by data for aggregation and transformations.

 High performance merging and joining of data.

 Time Series functionality.
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Data Structures

5

 Pandas deals with three data structures:
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Data Structure Dimension Description

Series 1 1D labeled homogeneous array, size 

immutable

Data Frames 2 General 2D labeled, size-mutable tabular 

structure with potentially heterogeneously 

typed columns

Panel 3 General 3D labeled, size-mutable array



Series

6

 A one-dimensional labeled array capable of holding any 

data type.

 A Series object has two main components: Index and 

Data

 Both components are one-dimensional arrays with the 

same length. The index should be made up of unique 

elements, and it is used to access individual data values
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DataFrame

7

 DataFrame is a 2-dimensional labeled data structure 

with columns of potentially different types. 

 You can think of it like a spreadsheet or SQL table, or a 

dict of Series objects. It is generally the most commonly 

used pandas object. Like Series, DataFrame accepts 

many different kinds of input.
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Panel

8

 A panel is a 3D container of data. It is the natural 

extension of the DataFrame and can be seen as a 3D 

table, or a collection of multiple DataFrames.
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Using Pandas Module

9

 Before we can use Pandas we will have to import it. It 

has to be imported like any other module:

 But you will hardly ever see this. Pandas is usually 

renamed to pd:
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Parsing CSV Files

 Reading CSV files is very easy in pandas. It is highly 

recommended if you have a lot of data to analyze. 

 pandas provides high performance data analysis tools 

and easy to use data structures. 
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Example
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 The read_csv() method opens, analyzes, and reads the 

CSV file provided, and stores the data in a DataFrame

 pandas recognized that the first line of the CSV 

contained column names, and used them automatically. 
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Parameters for read_csv
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 There are several parameters that can be used to alter 

the way the data is read from file and formatted in the 

DataFrame.
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Parameter Description

header Row numbers to use as the column names, and the 

start of the data

nrows Number of rows of file to read. Useful for reading 

pieces of large files

skiprows Number of lines to skip at the start of the file.

usecols Return a subset of the columns

Index_col Column to use as the row labels of the DataFrame

skip_blank_lines Skip over blank lines 



The header Parameter
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 If “header = None” is specified, first line also consider as 

data. This is useful for file without header
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The nrow Parameter
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 By adding the nrows parameter with an integer value, 

you can control the number of rows to be read. 

 The rest of the data in the file is not imported.
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The skiprows Parameter

15

 By adding the skiprows parameter, you can skip 

reading the specify number of row.

 Since we skipped the header row, the new data has lost 

its header and the index based on the file data.  

 In some cases, it may be better to slice your data in a 

DataFrame rather than before loading the data.
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The usecols Parameter
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 The usecols is a useful parameter that allows you to 

import only a subset of the data by column.  

 It can be passed a zeroth index or a list of strings with 

the column names.

Data Analytics with Python @ Peter Lo 2021



The index_col Paramter
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 The standard behavior for read_csv() automatically 

create an incremental integer based index, the 

index_col parameter that can be used to indicate the 

column that holds the index. 
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Handle Null Value
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 The current handling of the na_values argument to 

read_csv is strangely different depending on what kind 

of value you pass to na_values. 

 If you pass None, the default NA values are used. 

 If you pass a dict mapping column names to values, 

then those values will be used for those columns, totally 

overriding the default NA values, while for columns not 

in the dict, the default values will be used. 

 If you pass some other kind of iterable, it uses the union 

of the passed values and the default values as the NA 

values.
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Example 1: Auto Detect Null Value 
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Example 2: Custom NaN Value
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Python Pandas Operations
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 Using Python pandas, you can perform a lot of 

operations with series, data frames, missing data, group 

by etc. 
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Obtain the Information of Data
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 info() provides the essential details about your dataset, 

such as the number of rows and columns, the number of 

non-null values, what type of data is in each column, 

and how much memory your DataFrame is using.
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Data Types of Columns
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 DataFrames always have mixed data types: some 

columns are numbers, some are strings, and some are 

dates etc. 

 CSV files do not contain information on what data types 

are contained in each column; all of the data is just 

characters. 

 Pandas infers the data types when loading the data, e.g. 

if a column contains only numbers, pandas will set that 

column’s data type to numeric: integer or float.

 You can check the types of each column in our example 

with the dtypes property of the dataframe.
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Example
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Slicing the Data Frame
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 Once we read in a DataFrame, Pandas gives us two 

methods that make it fast to print out the data. 

 The head( ) method prints the first N rows of a 

DataFrame. (Default 5).

 The tail( ) method prints the last N rows of a 

DataFrame. (Default 5).
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Example
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Number of Row and Column
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 The shape property show the number of rows and 

column in DataFrame.
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Indexing DataFrames
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 The iloc method allows us to retrieve rows and columns 

by position. 

 In order to do that, we'll need to specify the positions of 

the rows that we want, and the positions of the columns 

that we want as well.

Data Analytics with Python @ Peter Lo 2021



Indexing using Labels
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 A major advantage of Pandas over NumPy is that each 

of the columns and rows has a label. 

 Working with column positions is possible, but it can be 

hard to keep track of which number corresponds to 

which column.

 We can work with labels using the loc() method, which 

allows us to index using labels instead of positions.
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Example
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Sorting
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 Pandas sort_values() function sorts a data frame in 

Ascending or Descending order of passed Column. 

 It’s different than the sorted Python function since it 

cannot sort a data frame and particular column cannot 

be selected.
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Parameter Description

by Single/List of column names to sort Data Frame by.

axis 0 or ‘index’ for rows and 1 or ‘columns’ for Column.

ascending Boolean value which sorts Data frame in ascending order if True.

inplace Boolean value. Makes the changes in passed data frame itself if True.

kind String which can have three inputs(‘quicksort’, ‘mergesort’ or ‘heapsort’) 

of algorithm used to sort data frame.

na_position Takes two string input ‘last’ or ‘first’ to set position of Null values. 

Default is ‘last’.



Example 1: Sort by Single Column
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Example 2: Sort by Multiple Column
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Duplicate Handling
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 The function duplicated is used to duplicate rows based 

on all columns or some specific columns in DataFrame.
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Parameters Description

subset Single or multiple column labels which should used for duplication 

check. If not provides all columns will be checked for finding duplicate 

rows.

keep Denotes the occurrence which should be marked as duplicate. It’s 

value can be {‘first’, ‘last’, False}, default value is ‘first’.

• first : All duplicates except their first occurrence will be marked as 

True

• last : All duplicates except their last occurrence will be marked as 

True

• False : All duplicates except will be marked as True



Example
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Remove Duplicate Row
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 The drop_duplicates() method return a copy of your 

DataFrame, but this time with duplicates removed. 
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Parameters Description

subset Subset takes a column or list of column label. It’s default value is none. 

After passing columns, it will consider them only for duplicates.

keep keep is to control how to consider duplicate value. It has only three 

distinct value and default is ‘first’.

• If ‘first’, it considers first value as unique and rest of the same 

values as duplicate.

• If ‘last’, it considers last value as unique and rest of the same 

values as duplicate.

• If False, it consider all of the same values as duplicates

inplace Boolean values, removes rows with duplicates if True.

Return type DataFrame with removed duplicate rows depending on Arguments 

passed.



Example
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Keep First / Last Record 

 Keep First Record  Keep Last Record
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Merging DataFrames
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 Merging and joining DataFrames is a core process that 

any aspiring data analyst will need to master.

 The merge type to use is specified using the how 

parameter in the merge command, taking values “left”, 

“right”, “inner” (default), or “outer”.
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Merge Type
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Merge Type Description

Inner Join The default Pandas behavior, only keep rows where the merge 

“on” value exists in both the left and right DataFrames.

Left Outer Join Keep every row in the left DataFrame. Where there are missing 

values of the “on” variable in the right DataFrame, add empty 

(NaN) values in the result.

Right Outer Join Keep every row in the right DataFrame. Where there are 

missing values of the “on” variable in the left column, add 

empty (NaN) values in the result.

Full Outer Join A full outer join returns all the rows from the left DataFrame, all 

the rows from the right DataFrame, and matches up rows 

where possible, with empty (NaN) elsewhere.



Example
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Example
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 By default, the Pandas merge operation acts with an 

“inner” join. 

 An inner join keeps only the common values in both the 

left and right DataFrames for the result. We can validate 

this by looking at how many values are common:
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Inner Join
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Left Outer Join
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Right Outer Join
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Full Outer Join
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Concatenate DataFrame
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 The concat() function does all of the heavy lifting of 

performing concatenation operations along an axis while 

performing optional set logic of the indexes on the other 

axes. 
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Group By

48

 Any groupby operation involves one of the following 

operations on the original object. 

 Splitting the Object

 Applying a function

 Combining the results

 In many situations, we split the data into sets and we apply 

some functionality on each subset. In the apply functionality, 

we can perform the following operations:

 Aggregation − computing a summary statistic

 Transformation − perform some group-specific operation

 Filtration − discarding the data with some condition
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Example
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Iterating through Groups
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 With the groupby( ) object in hand, we can iterate 

through the object similar to itertools.obj.
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Select a Group

51

 Using the get_group( ) method, we can select a single 

group.
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Aggregations
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 An aggregated function returns a single aggregated 

value for each group. Once the group by object is 

created, several aggregation operations can be 

performed on the grouped data.

 An obvious one is aggregation via the aggregate or 

equivalent agg method 
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Size of Group
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 To see the size of each group is by applying the size( ) 

function 
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Applying Multiple Aggregation Functions 

 With grouped Series, you can also pass a list or dict of 

functions to do aggregation with, and generate 

DataFrame as output 
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Transformations
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 Transformation on a group or a column returns an object 

that is indexed the same size of that is being grouped. 

 The transform( ) function is used to call function on self 

producing a Series with transformed values and that has 

the same axis length as self.

 Thus, the transform should return a result that is the 

same size as that of a group chunk.
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Example
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 Consider we have a dataset about 

a department store. 

 We can see that each user has 

bought multiple products with 

different purchase amounts. 

 We would like to know what is 

the mean purchase amount of 

each user
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Example (cont.)
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 There are multiple options to 

do this:

1. Using Groupby followed 

by merge()

2. Transform function 

approach
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Example: Option 1 – Merge  
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 The first approach is using groupby to aggregate the data, then 

merge this data back into the original dataframe using the merge() 

function.



Example: Option 2 – Transform 
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 The transform function retains the same number of items as the 

original dataset after performing the transformation.
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Filtration
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 Filtration filters the data on a defined criteria and returns 

the subset of data. The filter() function is used to filter 

the data
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Describe Column
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 To see some of the core statistics about a particular 

column, you can use the describe() function.

 For numeric columns, describe() returns basic 

statistics: the value count, mean, standard deviation, 

minimum, maximum, and 25th, 50th, and 75th 

quantiles for the data in a column.

 For string columns, describe() returns the value 

count, the number of unique entries, the most 

frequently occurring value (‘top’), and the number of 

times the top value occurs (‘freq’)
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Example
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DataFrames Calculation Method
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Method Description

abs Find the absolute value

corr Find the correlation between columns in a DataFrame

count Count the number of non-null values in each DataFrame

column

max Finds the highest value in each column

mean Find the mean of each row or of each column

median Find the median of each column.

min Find the lowest value in each column

mode Find the Mode

std Find the standard deviation of each column
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Maximum
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 The max() method is used to find the maximum value 

for each column
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Minimum
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 The min( ) method is used to find the minimum value for 

each column
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Mean and Median
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 The mean( ) method is used to find the mean of each 

row or of each column

 The median( ) method is used to find the median of 

each row or of each column
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Standard Deviation and Correlation
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 The std() method is used to finds the standard deviation 

of each column

 The corr() method is used to finds the correlation 

between columns in a DataFrame
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Counter
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 The count() method is used to counts the number of 

non-null values in each DataFrame column
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Calculation by Row
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 We can modify the axis keyword argument to mean in 

order to compute the mean of each row or of each 

column. 

 By default, axis is equal to 0, and will compute the mean 

of each column. 

 We can also set it to 1 to compute the mean of each row
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Boolean Indexing and Filtering
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 We could start by doing a comparison.

 The comparison compares each value in a Series to a 

specified value, then generate a Series full of Boolean 

values indicating the status of the comparison. 

 Once we have a Boolean Series, we can use it to select 

only rows in a DataFrame where the Series contains the 

value True
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Example 1
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Example 2
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Writing CSV Files with pandas
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 The to_csv( ) method save the contents of a DataFrame

in a CSV.
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Case Study
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 This automobile dataset has a different characteristic of 

an auto such as body-style, wheel-base, engine-type, 

price, mileage, horsepower and many more.
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Case Study (cont.)
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 Sort the price by company in descending order
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Case Study (cont.)
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 Count the total cars per company
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Case Study (cont.)
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 Find the most expensive car with company name
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Case Study (cont.)
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 Print all Toyota cars details
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Case Study (cont.)
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 Find the most expensive car per company
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