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A survey of some of the 
capabilities of the python3 

matplotlib  module  

Matplotlib  

Overview  

matplotlib  module originally developed 
to provide x -y graphs  
- object -oriented usage  

- optional Matlab -like syntax  

Submodules provide color control, 
additional kinds of graphs, 3D plots  

Supports numpy  
- numpy , matplotlib  included in " scipy "  

Integrated with jupyter /ipython  

Usable in standalone scripts  
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Simplest usage  

Best practice imports " pyplot " 
subpackage  with an aliased name  
- import matplotlib.pyplot  as plt  

Generate  a default plot based on a list of 
y-values  
- plt.plot ( [3,4,5,7,6,3,2] )  

Show  the plot  
- plt.show ()  

The Data  

plt.plot () expects:  
- an optional  collection of x -values  

» followed by:  

- a collection of y -values  
» optionally followed by:  

- a string that defines a plotting style  

Python lists are sufficient for x -, y -values  

Numpy  vectors are well supported by 
matplotlib  
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Example Data  

Ὀx1vals = range(100)  
y1vals = \  
 [ (x **2 -  4*x + 3) for x in x1vals ]  

Ὀp1a = \  
 [ ( - 3)**(k - 1) / 4**k for k in x1vals ]  

 

Ὀimport numpy as np 
 

x2vals = np.array (x1vals)  
y2vals = \  
 max(y1vals) * np.exp ( - x2vals** - 0.3)  

General X -Y plots  

Provide list of x -values, list of y -values, 
optional style information  

Repeat for multiple lines on one graph   
- plt.plot (x1vals, y1vals, style1, \  
  x2vals, y2vals, style2, ... )  

 

  or 

Use multiple plt.plot () calls per plt.show ()  
- plt.plot (x1vals, y1vals, style1)  
plt.plot ( x2vals , y2vals, style2)  
plt.show ()  
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Plot Styles  

(x,y ) datapoints  
optionally plotted 
with markers  

Datapoints  optionally 
connected by line 
segments  

Optional  keywords 
control linestyle , 
marker, color  

- ...or use "style" string 
containing code 
characters for marker, 
color  

Colors can be:  
- triple of RGB values 

between 0.0 and 1.0  
» e.g.  (0.3, 0.4, 0.9)  

 

- hexadecimal string  
» red: "#ff0000"  

» grey: "#808080"  

» cyan: #00ffff "  
 

- one of  
 'b ' , 'g' , 'r ' , 
 'c ' , 'm' , 'y ' , 
 'k ' , 'w'  

Linestyles , Markers  

char  marker  

"p"  pentagon  

"P"  plus (filled)  

"*"  star  

"h"  hexagon1  

"H"  hexagon2  

"+"  plus  

"x"  x 

"X"  x (filled)  

"D"  diamond  

"d"  thin_diamond  

"|"  vline  

"_"  hline  

" "  (nothing)  

char  marker  

"."  point  

","  pixel  

"o"  circle  

"v"  triangle_down  

"^"  triangle_up  

"<"  triangle_left  

">"  triangle_right  

"1"  tri_down  

"2"  tri_up  

"3"  tri_left  

"4"  tri_right  

"8"  octagon  

"s"  square  
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Code Example  

Three 
separate plot 
lines on the 
same graph  

- Demonstrate 
different ways 
to specify 
color, marker, 
linestyle  

Histograms  

Generate a histogram  of numeric data:  
-  

import numpy as np  
val  = [ np.random.random () for i  in range(1000) ]  
valsq  = [v**2 for v in val ]  
plt.hist ( [ val , valsq ] )  
plt.legend ( ['values', 'squares'] )  
plt.show ()  
 

Optional " bins= "  
argument  in  
"plt.hist ( ) "  
allows control of  
number, size of  
each bin  
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Controlling Placement  

Basic plots (x -y graphs, histograms, etc.) 
appear in a default window  

Create an empty figure  that can contain 
multiple plots  

Create multiple subplots  (axes ) that 
graphs will be drawn on  
- subplots are positioned within a grid that 
subdivides the figure  

Create a Figure with Multiple Subplots  

 
import matplotlib.pyplot  as plt  
(fig, axes) = plt.subplots ( nrows , ncols )  

- "subplots()" function returns both the figure " fig ",  
and its array of subplot axes " axes "  

- nrows  and ncols  define the grid that subdivides the 
figure, and hence the number of subplots  

- "axes " is a list containing nrows  sublists ; 
each sublist  contains ncols  axes for positioning plots  

» Single list if ncols  or nrows  equal 1  

» Single axis if ncols  and nrows  both equal 1  

- Additional options control figure's size, appearance  
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Subplots 
Example  

Options include:  
- ncols = 

- nrows = 

- figsize = 

- sharex =, 
sharey = 

"ax" is a single 
list of axes or a 
single axis,  
if " nrows " or 
"ncols " or both 
equal 1  

Piecemeal Figure Creation  

Create an empty figure:  
- fig = plt.figure ( )  

- Grid size is decided when plots are added  

Create a subplot at grid coords  (3,2):  
- ax = fig.add_subplot (3 , 3, 8)  

- Puts a subplot at 8 th  cell of a 3x3 grid  
(3 rd  row, 2 nd  column) in the current figure  

- Subplots can be created on varying -size grids  
» use with caution  

Make the graph:  
- ax.plot ( xvals , yvals  )  
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Piecemeal  
Example  

"x"  created 
as a list or a 
numpy  vector  

"trig"  also a 
list or numpy  
vector  

- a function of x, 
for each value 
of x  

Beyond the x-y  curve:  

the z-axis  

2-Dimensional Surface Plots  
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Graphing 2 -Dimensional Data  

"Surface" data  

z = f(x, y)  

2-D plot  represent z -values at ( x,y ) 
points  
- Contours  

- Color  
coding  

Data for Contours  

Two  
approaches:   
 
- 2-dimensional  
array of  
z-values  

 

- 2-dimensional  
(numpy ) arrays  
that specify  
x-coordinates,  
y-coordinates, and z -values over a mesh  
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contour( ) and contourf ( )  

Plotting the 2D list -
lists as contours:  

Low -resolution contour( ) and contourf ( )  

Data:  2-dimensional array  

contour f ( ): filled  contours  
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colorbar ()  

colorbar () adds a color scale 
on the side of the plot  

The numpy  Approach  

Create x, y, f( x,y ) directly using numpy : 
- Build x, y axes independently:  

» xmax, ymax, npoints  = 6, 3, 100  
x = np.linspace (0, xmax, npoints )  
y = np.linspace (0, ymax, npoints )  

- Convert 1 -D axes into two 2 -D " meshgrids ":  
» X, Y = np.meshgrid (x, y)  

» These are the coordinates at each ( x,y ) point in the 
meshgrid  

- Compute z -values at each meshgrid  point:  
» Z = np.sin (X) * np.cos (Y**2)  

» A 2 -D array of z -values  
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contour( ) and contourf ( ) Again  

Plotting the contours:  

More Colors  pcolormesh ( )  
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More Color Schemes  

matplotlib.colors  
- Defines color values  

- (r, g, b,)  

- #001122  

- "named -color")  

Red:  
- (1.0, 0.0, 0.0)  

- #ff0000  

- "r"  

Cyan:  
- (0, 0.75, 0.75)  

- #00bfbf  

- "c"  

matplotlib.cm  
- Defines color maps  

- Many choices available  

 

contourf( ) and pcolormesh( ) Again  

Plots as before, with colormaps  applied  


