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Working with a sequence of numbers
xsequence=np.linspace(0,1,100)

y=np.cos(xsequence*2*np.pi)

fig=plt.figure()

ax=fig.add_subplot(1,1,1)

ax.plot(y)

ax.set_title('$y=cos(2 \pi x)$')

plt.show()
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Data visualization
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What is wrong with this graph?
C O U R T E S Y  O F  F O X  N E W S
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Communicating results with scientific 
graphs.
Do you need a graph?
◦ Maybe a table is sufficient

What types of variables do you have?
◦ Continuous, discrete, categorical.
◦ Independent  and dependent variables.

What is your message?

Basic rules:
◦ Check the data.
◦ Explain encodings
◦ Label axes
◦ Include units
◦ Include your resources
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Basic rules for 
graphs
Can be interpreted in black and 
white

Title:
◦ Descriptive: Figure 1. Effects of dam 

construction on fish biodiversity.

◦ Assertive: Figure 1. Dam 
construction results in loss of fish 
biodiversity.
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Line graph syntax in python
x=np.arange(1,10,0.1)

##plotting

plt.close("all")

fig = plt.figure(figsize=(6,6), dpi=100)

ax=fig.add_subplot(111)

ax.plot(x, x**2, label="y = x**2")

ax.plot(x, x**3, label="y = x**3")

ax.legend(loc=2); # upper left corner
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Minimal syntax
Too many spines.

Too many numbers.

Isolated legend.
◦ Black and white.

Data points missing

Missing labels

Scientific notation
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x=np.arange(2,8,0.5)

##plotting

plt.close("all")

fig = plt.figure(figsize=(7,6), dpi=100)

ax=fig.add_subplot(111)

ax.plot(x, x**2,'r--o')

ax.plot(x, x**3, 'b-.o')

#labels

ax.set_xlabel('x-values')

ax.set_ylabel('y-values')

ax.set_title('Graph template')

#limits

#ax.set_ylim(bottom=0)

#ax.set_xlim(left=0)
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…

#ticks

ax.set_xticks(np.arange(min(x), max(x)+1, 2))

#annotations

ax.text(6,6**2+20, r"$y=x^2$", fontsize=20, color="red")

ax.text(7-1,7**3, r"$y=x^3$", fontsize=20, color="blue")

# Hide the right and top spines

#ax.spines['right'].set_visible(False)

#ax.spines['top'].set_visible(False)

#make sure labels dont overlap

plt.tight_layout()
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How to speak MPL
Colornames:

◦ b: blue

◦ g: green

◦ r: red

◦ c: cyan

◦ m: magenta

◦ y: yellow

◦ k: black

◦ w: white

Full list: https://www.w3schools.com/Colors/colors_names.asp
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Markers
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Linestyle
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Example
ax=fig.add_subplot(111)

t = np.arange(0.0, 5.0, 0.2)

plt.plot( t, t**3,

color='black',

marker='x',

linestyle=':')

plt.show()
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Style for other plots
fig, ax = plt.subplots(1, 1)

ax.bar([1, 2, 3, 4], [10, 20, 15, 13],

linestyle='--', #linestyle

ec='r', #color

lw=5) #linewidth

plt.show()
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Simple syntax, but too implicit!
fig, ax = plt.subplots(1, 1)

t = np.arange(0., 5., 0.2)

# red dashes, blue squares and green triangles

plt.plot(t, t, 'r--', t, t**2, 'bs', t, t**3, 'g^-')

plt.show()
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Property Value Type

alpha float

color or c any matplotlib color

dash_capstyle ['butt', 'round' 'projecting']

dash_joinstyle ['miter' 'round' 'bevel']

dashes sequence of on/off ink in points

drawstyle [ ‘default’ ‘steps’ ‘steps-pre’

‘steps-mid’ ‘steps-post’ ]

linestyle or ls [ '-' '--' '-.' ':' 'None' ' ' '']

and any drawstyle in combination with a

linestyle, e.g. 'steps--'.

linewidth or lw float value in points

marker [ 0 1 2 3 4 5 6 7 'o' 'd' 'D' 'h' 'H'

'' 'None' ' ' None '8' 'p' ','

'+' 'x' '.' 's' '*' '_' '|'

'1' '2' '3' '4' 'v' '<' '>' '^' ]

markeredgecolor or mec any matplotlib color

markeredgewidth or mew float value in points

markerfacecolor or mfc any matplotlib color

markersize or ms float

solid_capstyle ['butt' 'round' 'projecting']

solid_joinstyle ['miter' 'round' 'bevel']

visible [True False]

zorder any number



The 3rd dimension.
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Contour plot
def f(x, y):

return np.sin(x) ** 10 + np.cos(10 + y * x) * np.cos(x)

x = np.linspace(0, 5, 50)

y = np.linspace(0, 5, 40)

X, Y = np.meshgrid(x, y)

Z = f(X, Y)

plt.contour(X, Y, Z, colors='black');
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Colorful contour
def f(x, y):

return np.sin(x) ** 10 + np.cos(10 + y * x) * np.cos(x)

x = np.linspace(0, 5, 50)

y = np.linspace(0, 5, 40)

X, Y = np.meshgrid(x, y)

Z = f(X, Y)

plt.contourf(X, Y, Z, cmap='RdGy');

plt.colorbar()

plt.tight_layout()

3/29/2019 INTRODUCTION TO PYTHON. LEC:6



29

3D plotting
fig = plt.figure()

ax = fig.gca(projection="3d")

plt.show()
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plt.close("all")

def f(x, y):

return np.sin(np.sqrt(x ** 2 + y ** 2))

x = np.linspace(-6, 6, 30)

y = np.linspace(-6, 6, 30)

X, Y = np.meshgrid(x, y)

Z = f(X, Y)

fig = plt.figure()

ax = fig.gca(projection="3d")

ax.plot_surface(X, Y, Z,

cmap=‘coolwarm')

ax.set_title('surface');

ax.set_xlabel('x')

ax.set_ylabel('y')

ax.set_zlabel('z');

plt.tight_layout()

plt.show()



31

Matplotlib backends
import matplotlib

matplotlib.get_backend()

matplotlib.use('Qt5Agg’)

https://matplotlib.org/tutorials/introductory/usage.html
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Galleries 
https://matplotlib.org/gallery.html

https://flowingdata.com/famous-
movie-quotes-as-charts/

3/29/2019 INTRODUCTION TO PYTHON. LEC:6

https://matplotlib.org/gallery.html
https://flowingdata.com/famous-movie-quotes-as-charts/


34

Pandas
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Pandas
(Python and Data Analysis)

https://pandas.pydata.org/pandas-docs/stable/getting_started/10min.html#min

A fast and efficient DataFrame object.

reading and writing data

Flexible reshaping, slicing, fancy indexing

Python with pandas is in use in a wide variety of academic and commercial domains, 
including Finance, Neuroscience, Economics, Statistics, Advertising, Web Analytics, 
and more.

import pandas as pd
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Series
One dimensional fancy indexed arrays:

fruits = ['apples', 'oranges', 'cherries',

'pears']

quantities = [20, 33, 52, 10]

S = pd.Series(quantities, index=fruits)

S
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Add two series objects
fruits = ['apples', 'oranges', 'cherries',

'pears']

S = pd.Series([20, 33, 52, 10], index=fruits)

S2 = pd.Series([17, 13, 31, 32], index=fruits)

print(S + S2)

print("sum of S: ", sum(S))
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Accessing elements
print(S['apples'])

print(S[['apples', 'oranges', 'cherries']])
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apples      20
oranges     33
cherries    52
dtype: int64

20
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Operations
import numpy as np

S.apply(np.sin)

S.apply(lambda x: x if x > 50 else x+10 )

S[S>30] #boolean indexing
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oranges     33
cherries    52
dtype: int64

apples      30
oranges     43
cherries    52
pears       20
dtype: int64
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.csv
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DataFrame
city_frame=pd.read_csv("cityframe.csv")

print(city_frame)

print(type(city_frame))

city_frame.head()
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<class 'pandas.core.frame.DataFrame'>
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Fancy index
#Fancy index

city_frame.set_index("country", inplace=True)
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Accessing rows and colns
#access coln

city_frame['population']

type(city_frame['population']) #series is 1D dataframe

#for multiple indicies, pass a list:

city_frame[['population','name']]

type(city_frame[['population','name']])

#access row

city_frame.loc["Germany"]

type(city_frame.loc["Germany"])

#for multiple indicies, pass a list:

print(city_frame.loc[["Germany",'France']])
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Q: How to access 
a single element 
of a dataframe?
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Adding new coln
area = [1572, 891.85, 605.77, 1285,

105.4, 414.6, 228, 755,

525.2, 517, 101.9, 310.4,

181.8]

# area could have been designed as a list,

#a Series, an array or a scalar

city_frame["area"] = area

city_frame.head()
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World population
LIVE EXAMPLE
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Hierarchical indicies
shop1 = {"foo":{2010:23, 2011:25}, "bar":{2010:13,
2011:29}}

shop2 = {"foo":{2010:223, 2011:225}, "bar":{2010:213,
2011:229}}

shop1 = pd.DataFrame(shop1)

shop2 = pd.DataFrame(shop2)

both_shops = shop1 + shop2

shops = pd.concat([shop1, shop2], keys=["one", "two"])

shops.swaplevel()

shops.swaplevel().sort_index()
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World population
BACK TO EXAMPLE
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Useful methods
df.T

df.describe()

df.to_numpy()

df.tail(3)

df.sort_values(by='B’)

df[df > 0]

df.apply(np.cumsum)
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Pandas vs excel!
Analyze large datasets:

◦ Excel is sluggish at 10000 rows

More high level functions.

More file formats: CSV, HTML, SQL.

Automated procedures.

Co-existence!
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