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Preparation

• new libraries
• new pandas methods
• absolute and relative changes
• gross and net returns
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Python libraries

• pandas
• matplotlib.pyplot
• pandas_datareader
• yfinance
• scipy.stats
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We need to install libraries yfinance and  
pandas_datareader (not included with pandas) in 
jupyter notebook

To install them in Windows run
!pip install pandas_datareader

To install them in  Mac OS use
pip install pandas_datareader
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Python libraries
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pandas methods
.
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pandas methods
.
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pandas methods
.
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pandas methods
.
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pandas methods
.
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pandas methods
.
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changes

• Absolute change
• Relative change
• Gross change
• Net change
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• gross change =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

• net change = !"#$% &' (%)&*+ , . !"#$% &' (%)&*+ -
!"#$% &' (%)&*+ -
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changes
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• gross change =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

• net change = !"#$% &' (%)&*+ , . !"#$% &' (%)&*+ -
!"#$% &' (%)&*+ -
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changes

(absolute change)

(relative change)
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• gross change =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

• net change = !"#$% &' (%)&*+ , . !"#$% &' (%)&*+ -
!"#$% &' (%)&*+ -
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changes

• gross change =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

• net change    =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

- 1
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changes

• gross change =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

• net change    =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

- 1

• gross change = net change - 1
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returns

• gross return =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

• net return    =  !"#$% &' (%)&*+ ,
!"#$% &' (%)&*+ -

- 1

• net return    = gross return - 1
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Example: stock’s data
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Example - Overview

• Download stock prices

• Plot time series data

• Find the most profitable stock 

(Using the Cumulative Gross returns)

• Find the most risky stock (Using Net returns)

• Use quantile plots to assess normality of net returns

• Use Net returns to find correlated stocks
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From a set of stocks, find

•Which one is more risky?

•Which one is more profitable?

•Which ones are highly (cor)related?
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Example 1 – Business questions
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Example 1
.
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Example 1
.
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daily data
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Example 1
.
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index
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Example 1 – Download a single stock
.
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Example 1 – Download a set of stocks
.
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Example 1
.
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multi-index
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Example 1
.
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Example 1 – NaN entries in the last row
.

28



Cesar Acosta Ph.D.

Example 1 – drop last row
.
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Example 1 – select Adj Close columns
.
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Most profitable stock
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Example 1 – Which stock is most profitable?
.
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Example 1 – Which stock is most profitable?
.

33

find 
the 
ratio
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Example 1 – Which stock is most profitable?
.
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=   18.890 / 2.569
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Example 1 – Which stock is most profitable?
.
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=   113.4067 / 64.4057
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Example 1 – Which stock is most profitable?
.
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=   52.4897 / 63.4089
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Example 1 – Which stock is most profitable?
.
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=   52.4897 / 63.4089

AAPL stock price in 2014 
is 7.35 times
the stock price in 2007



Plotting with pandas
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Plot time series prices

• pandas.plot( ) method makes quite 
simple to create plots

• It is a wrapper function of the plot( ) 
function from the matplotlib library

• It makes easy the labeling, axis 
generation, formatting of series plots
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Example 1 – Plot AAPL prices
.
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Plot AAPL prices with Matplotlib
.
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Plot AAPL prices with pandas
.
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Plot   IBM  prices with pandas
.
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Plot IBM and AAPL prices
.
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Gross Returns (IBM and AAPL)
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Plot IBM and AAPL prices
.
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Which stock was more profitable?
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Plot IBM and AAPL prices
.

47

Which stock was more profitable?

IBM
return
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Plot IBM and AAPL prices
.
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Which stock was more profitable?

AAPL
return
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IBM and AAPL - Gross returns
.
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IBM and AAPL - Gross returns
.
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=   2.626753 / 2.569716
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IBM and AAPL - Gross returns
.
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= 2.608047 / 2.626753
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IBM and AAPL - Gross returns
.
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IBM and AAPL - Gross returns
.
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= 1.022196 * 0.992879
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IBM and AAPL - Gross returns
.
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= 1.014916 * 1.004938



Cesar Acosta Ph.D.

IBM and AAPL - Gross returns
.
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= 1.019928 * 1.083070
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Plot IBM and AAPL Cumulative Gross returns
.
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Plot IBM and AAPL – One-dollar investment
.
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Evolution of Stock Prices Evolution of one-dollar investment
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Plot IBM and AAPL – One-dollar investment
.
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Evolution of one-dollar investment
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Plot all prices
.
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Plot all prices
.
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Plot all prices
.
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Net Returns
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Net changes in prices
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Net changes in prices
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Net changes in prices

65

2.635158
2.577937

= - 1
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Net changes in prices

66

2.616391
2.635158= - 1
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Net changes in prices
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2.629312
2.616391= - 1
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Net changes in prices
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Net changes in prices

69
plot AAPL net returns
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Net changes distribution
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Net changes distribution

71

pandas
matplotlib
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Net changes distribution

72
how risky is this stock?
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Risk of stocks
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Risk of stocks

74

least

most 
risky
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Distribution of net changes
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Net changes in AAPL prices over time
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lineplot
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Net changes in AAPL prices over time
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Periods of high volatility (high risk periods)
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Net changes in prices over time

79
evolution distribution
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Distribution of net changes

80Is this a sample  from a normal distribution?
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Quantile-Quantile plot
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QQ plot of net changes 
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scipy

Plot is not linear ⇒ The assumed distribution is not the right one



Gross Returns (all stocks)
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Gross returns in prices
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Gross returns in prices

85

Gross returns above 1.0 show an increase 
in stock price from previous day
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Gross returns in prices
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Cumulative Gross returns
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Gross returns in prices

87



Cesar Acosta Ph.D.

Gross returns in prices
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Cumulative Gross returns in prices
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Cumulative Gross returns in prices
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Cumulative Gross returns in prices
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Cumulative Gross returns in prices
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Cumulative Gross returns in prices

93

one dollar in Jan 3rd becomes 1.022196 dollars in Jan 4th
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Cumulative Gross returns in prices
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one dollar in Jan 3rd becomes 1.022196 dollars in Jan 4th
one dollar in Jan 3rd becomes 1.014917 dollars in Jan 5th
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Cumulative Gross returns in prices
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Plotting Daily Cumulative Gross returns
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7.35  AAPL

2.23   CVX
2.19   IBM

0.82  CME

Most profitable stocks



Monthly Returns
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Daily Cumulative Gross returns
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Monthly Cumulative Gross returns
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Possible interval (frequency) values
.
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Moving Averages
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AAPL Moving Averages
.

102

store AAPL prices
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AAPL Moving Averages – pandas rolling( )

Compute Moving Averages (MA)

Store MAs in a new DataFrame df2
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AAPL Moving Averages
.
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first 30-day
moving average

first 90-day
moving average
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AAPL Moving Averages
.

105

90-day MA is
smoother than 

30-day MA
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AAPL Moving Averages
.

106zoom in



Cesar Acosta Ph.D.

AAPL Moving Averages
.

107

first 30-day
moving average

first 90-day
moving average
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AAPL Moving Averages
.

108

Lags below when data is increasing
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AAPL Moving Averages
.
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Lags above when data is decreasing



Correlation of net returns
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Net returns
.

111



Cesar Acosta Ph.D.

Are IBM & APPL stocks related?
.
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Comparing IBM & APPL net returns 
.
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Comparing all stocks’ net returns
.

114

AAPL CVX IBM XOM GS BA
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Comparing all net returns
.

115

kernel density estimate
a smooth 
curve 
replacing a 
histogramAAPL CVX IBM XOM GS BA
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Comparing all net returns
.
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AAPL CVX IBM XOM GS BA

stocks 
highly 
related
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Comparing all net returns
.
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AAPL CVX IBM XOM GS BA

stocks 
not 
related
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Find stocks with smallest correlation
.
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Correlation matrix of net returns
.

119In this set of stocks, all correlations are positive
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Correlation matrix of net returns
.
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Convert DataFrame to a numpy array
.
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Correlation matrix of net returns
.
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Find stocks with smallest correlation
.
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Find stocks with smallest correlation
.
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Find stocks with largest correlation
.

125

convert dataframe to a numpy array
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Correlation matrix of net returns
.
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Correlation matrix of net returns
.

127

find largest value in matrix1
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Correlation matrix of net returns
.

128

find largest value in matrix1
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Correlation matrix of net returns
.
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Correlation matrix of net returns
.
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Correlation matrix of net returns
.
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Heatmap
.

132

A 2D display from 
matplotlib

showing numerical 
values as colors
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Heatmap
.
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Heatmap
.
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