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What you learn today...

… how to use Python libraries

… work with data in a DataFrame

… filter, merge and group your data

… visualize data with simple plots



Libraries

● A collection of functions is bundled in a library
● we import these libraries and can use the defined functions

● Some libraries come with a Python installation, some need to be installed

 

… for plotting and visualization

… for working with tabular data  (Excel-files, csv-files,...)

… creating machine learning models



Libraries

lists [] dictionary {}

for-loop
datatypes



Function & Methods

a = function_name(parameter)
a = "a string"

a = a.upper() # ‘A STRING’

Functions Methods



import library

a = library.function_name()

Import Libraries



import library as l

a = l.function_name()

Import Libraries



NumPy - library 

● Library for scientific computing

● Work with lists, matrices or higher dimensional structures

● NumPy lists have much more functionality than usual lists

import numpy as np

a = np.array([1,2,3,4])



NumPy - library 

● Library for scientific computing

● Work with lists, matrices or higher dimensional structures

● NumPy lists have much more functionality than usual lists

import numpy as np

a = np.array([1,2,3,4])
a.sum() # 10
a.mean() # 2.5
a.std() # 1.118...



Documentation

● Explanations to the methods
and functions 

● Often include examples and

tutorials

● https://numpy.org/doc/



NumPy - Append

import numpy as np

a = np.array([1,2,3,4])
np.append(a, [5,6,7]) # array([1, 2, 3, 4, 5, 6, 7])



NumPy - Append

import numpy as np

a = np.array([1,2,3,4])
np.append(a, [5,6,7]) # array([1, 2, 3, 4, 5, 6, 7])
a = np.append(a, [5,6,7])



Compute with arrays - Broadcasting

import numpy as np
a = np.array([1,2,3])
a * 2 # array([2, 4, 6])
a ** 2 # array([1, 4, 9])
a - 1 # array([0, 1, 2])



Compute with arrays 

import numpy as np
a = np.array([1,2,3])
b = np.array([1,1,1])
a + b # array([2, 3, 4])



Indexing

import numpy as np

a = np.array([1,2,3,4])
a[0:2] # array([1,2])



Boolean Indexing

import numpy as np

a = np.array([1,2,3,4])
a[[True,True,False,False]] # array([1,2])



Boolean Indexing

import numpy as np

a = np.array([1,2,3,4])
a <= 2 # [True, True, False, False]



Boolean Indexing

import numpy as np

a = np.array([1,2,3,4])
a <= 2 # [True, True, False, False]
a[a<=2] # array([1,2])



Exercise 1
import numpy as np

a = np.array([1,2,3,4])
a = np.append(a, [5,6,7])# [1,2,3,4,5,6,7]
a[a<=2] # [1,2] (boolean indexing)
a.sum() # 28



pandas DataFrame



 

                             -  library

import pandas as pd

data = { 

"Name":["Clara","Tom","Sarah","John"],

"Age” :[20,24,19,21]}

df = pd.DataFrame(data)



DataFrame - data structure

Column 1 Columns 2 …. Column N

...

... ... ... ....

...

...

idx

... DataFrame

Row 1 → 

Row 2 → 

Row N → 

Index Series



Read data

● Pandas can read data from files

● Various data formats possible

 

df = pd.read_csv(‘path_to_file’)

df = pd.read_excel(‘path_to_file’)

df = pd.read_sql_table(‘postgres://db’)



First look at the data

df.head() df.describe()



Access data



Access data in a DataFrame

Name Age

Clara 20

Tom 24

Sarah 19

John 21

idx

0

1

2

3

df = pd.DataFrame(data)



Access data in a DataFrame

Name Age

Clara 20

Tom 24

Sarah 19

John 21

idx

0

1

2

3

df = pd.DataFrame(data)

df["Name"]



Access data in a DataFrame

Name Age

Clara 20

Tom 24

Sarah 19

John 21

idx

0

1

2

3

df = pd.DataFrame(data)

df.iLoc[0:3]



Add data to a DataFrame

df["Grade"] = [1,2,3,4]

Name Age Grade

Clara 20 1

Tom 24 2

Sarah 19 3

John 21 4

idx

0

1

2

3



Compute with data in a DataFrame

df["Grade"] = df["Grade"] + 1 

Name Age Grade

Clara 20 2

Tom 24 3

Sarah 19 4

John 21 5

idx

0

1

2

3



Drop data

# Drop column

df = df.drop(column="Grade")

Name Age Grade

Clara 20 1

Tom 24 2

Sarah 19 3

John 21 4

idx

0

1

2

3



Drop data

# Drop column

df = df.drop(column="Grade")

# Drop row

df.drop([0,1], inplace=True)

Name Age Grade

Sarah 19 3

John 21 4

idx

2

3



Filter data



Filter data - select a subset of the data

Name Age Grade

Clara 20 2

John 21 5

idx

0

2

keep_rows = [True, False,

True,False]

df[keep_rows] 



Filter data - select a subset of the data

Name Age Grade

Clara 20 2

Tom 24 3

Sarah 19 4

John 21 5

idx

0

1

2

3

df["Age"] <= 20 

→ [True, False, True, False]



Filter data - select a subset of the data

Name Age Grade

Clara 20 2

John 21 5

idx

0

2 df[ df["Age"] <= 20 ]

[True, False, True, False]



Filter data - select a subset of the data

Name Age Grade

Clara 20 2

idx

0 df[ 

(df["Age"] <= 20) & 

(df["Grade"] < 3) 

  ]



Filter data - select a subset of the data

Name Age Grade

Clara 20 2

Sarah 19 4

idx

0

2

df[ 

(df["Age"] == 20) | 

(df["Grade"] == 4 ) 

  ]



Combine filtering with other methods

Name Age Grade

Clara 20 2

John 21 5

idx

0

2 df[df["Age"] <= 20]

This is again a DataFrame



Combine filtering with other methods

Name Age Grade

Clara 20 2

John 21 5

idx

0

2 df[df["Age"]<=20]["Age"].mean()



Exercise 2
import pandas as pd

df = pd.DataFrame(data) # create dataframe
df[’new_column’] = [1,2,3] 
df.sort_values(by=’column_name’) # sort
df[df[’age’]<=20] # filter data



Pandas methods



Apply pandas methods

df["Grade"].mean() 

df["Grade"].std()

df["Grade"].sum()  

● Pandas has large amount of commonly used methods

● Can be applied to single column or whole data frame



Often used methods

df["Grade"].mean() 

df["Grade"].sum() 

df["Grade"].value_counts() 

df.sort_values(by="Grade") 

df.groupby(by="Grade").sum() 

df1.merge(df2) 

df.drop(colums=["Grade"]) 

df["Grade"].replace(5,"Failed") 



Group-By

Name Age Gender

Clara 20 F

Tom 24 M

Sarah 19 F

John 21 M

idx

0

1

2

3

What is the average age per gender?



Group-By

Name Age Gender

Clara 20 F

Tom 24 M

Sarah 19 F

John 21 M

idx

0

1

2

3

F
Clara 20

  Sarah 19

M
Tom 24
John 21

df.groupby(by=’Gender’).mean()



Group-By

Name Age Gender

Clara 20 F

Tom 24 M

Sarah 19 F

John 21 M

idx

0

1

2

3

F
Clara 20

  Sarah 19

M
Tom 24
John 21

22.5

19.5

df.groupby(by=’Gender’).mean()



Merge DataFrame’s

Name Age Grade

Clara 20 2

Tom 24 3

Sarah 19 4

Name Subject

Sarah Physics

Tom Politics

John English



Merge DataFrame’s

Name Age Grade

Clara 20 2

Tom 24 3

Sarah 19 4

Name Subject

Sarah Physics

Tom Politics

John English

Name Age Grade Subject

Tom 24 3 Politics

Sarah 19 4 Physics



Merge DataFrame’s

Name Age Grade

Clara 20 2

Tom 24 3

Sarah 19 4

Name Subject

Sarah Physics

Tom Politics

John English

Name Age Grade Subject

Tom 24 3 Politics

Sarah 19 4 Physics

df1.merge(df2, on='Name')



Merge DataFrame’s

Name Age Grade

Clara 20 2

Tom 24 3

Sarah 19 4

Name Subject

Sarah Physics

Tom Politics

John English

Name Age Grade Subject

Tom 24 3 Politics

Sarah 19 4 Physics

Clara 20 2 -

df1.merge(df2,how='left',

on='Name')



Exercise 3
import pandas as pd

df = df.groupby(by=’column_name’)
df = df.merge(df2,on=’column_name’,how=’left’) 



Visualizations



                             -  library

● data visualization tool

● generate highly customizable plots

● good integrated with pandas

import matplotlib.pyplot as plt

x = [0,1,2,3,4,5]

y = [0,2,4,8,16,32]

plt.plot(x,y)

Plot:



Histogram

import matplotlib.pyplot as plt

x = [1,2,2,2,2,3,3]

plt.hist(x, bins=3)



Customize plots

import matplotlib.pyplot as plt

x = [0,1,2,3,4,5]

y = [0,2,4,8,16,32]

y2 = [0,1,2,3,4,5]

plt.plot(x,y)

plt.plot(x,y2)



Customize plots

import matplotlib.pyplot as plt

x = [0,1,2,3,4,5]

y = [0,2,4,8,16,32]

y2 = [0,1,2,3,4,5]

plt.plot(x,y, color='green', label='Graph A')

plt.plot(x,y2, color='red', label='Graph B')

plt.legend()



Customize plots

import matplotlib.pyplot as plt

x = [0,1,2,3,4,5]

y = [0,2,4,8,16,32]

y2 = [0,1,2,3,4,5]

plt.plot(x,y, color='green', label='Graph A')

plt.plot(x,y2, color='red', label='Graph B')

plt.legend()

plt.xlabel("X-label")

plt.ylabel("Y-label")

plt.title("Title")



Customize plots

import matplotlib.pyplot as plt

x = [0,1,2,3,4,5]

y = [0,2,4,8,16,32]

y2 = [0,1,2,3,4,5]

plt.plot(x,y, color='green', label='Graph A')

plt.plot(x,y2, color='red', label='Graph B')

plt.legend()

plt.xlabel("X-label")

plt.ylabel("Y-label")

plt.title("Title",  

{'fontname':'DejaVu Sans', 'size':'20'})

plt.grid()



pandas & matplotlib

■ Pandas and matplotlib work very well together

■  We can pass columns of a DataFrame to matplotlib

import matplotlib.pyplot as plt

df = pd.DataFrame(data)

plt.hist(df["Age"])



Exercise 4

import matplotlib.pyplot as plt

x = [0,1,2,3,4,5]

y = [0,2,4,8,16,32]

plt.plot(x,y, color='green', label='Graph A')

plt.legend()

plt.xlabel("X-label")

plt.ylabel("Y-label")

plt.title("Title")  


