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Programming and frameworks for ML

Data Cleaning with Python
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About Me

Big Data Consultant at Santander / Big Data Lecturer

® More than 20 years of experience in different environments,
technologies, customers, countries ...

® Passionate about data and technology
® Enthusiastic about Big Data world and NoSQL

Daniel Villanueva Jiménez “== Santander Tecnologia
Arquitecto de Datos at Santander Tecnologia Universidad Pontificia de

Greater Madrid Metropolitan Area - 500+ connections - Salamanea
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Clean data

Happy families are all alike;
every unhappy family is
unhappy in its own way.

Ledn Tolstoi
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Clean data

® Aclean dataset is easy to analyze, model or
visualize

Tidy datasets are all alike,
but every messy dataset is
messy in its own way.

4]

AN

Hadley Wickham
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Definition

® A unit of analysis represents the entity being
analysed in a study, and which contains similar
features

Afghanistan 19599 f45 19987071
Afghanistan 2000 2066 20595360
Brazil 1999 37737 172006362
Brazil 2000 80488 17450483938
China 1999 212258 1272915272
China 2000 2137606 1280428583




Definition

® An observation is data collected by observing
behavior, events, or physical features.

Afghanistan 19599 f45 19987071
Afghanistan 2000 2066 20595360

17450483938

China 1999 212258 1272915272

China 2000 2137606 1280428583




Definition

® Avariable is a property or feature that can

change depending on certain factors (the person,
the weather, the country, etc.)

Afghanistan 745 19987071
Afghanistan 2666 20595360
Brazil 37737 172006362
Brazil aldss8 174504898
China 212258 1272915272
China 213766 1280428583




Definition

® Avariable can take different values, which can be
measured or observed.

Afghanistan 1999 745 19987071
Afghanistan 2000 2660 20295360
Brazil 19939 37737 172006362
Brazil 80488 174504898
China 19939 212258 1272915272
China 2000 213766 1280428583




TTTTTTTTTTTTTTT

® Fach variable must be in its own column and has
to have the correct type

® Each observation should be in its own row (and
cannot be duplicated or empty)

® Fach value must have its own cell and has to
have the correct format

® Each unit of analysis must be in its own table

—— ) Q O Q)
———— ) @ O Q)
Gy Q) @ O O
—————— Q) @ 2O =0

variables observations values

10
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Formats of a dataset

We will display the same dataset in several formats

import pandas as pd
import numpy as np

tablel = pd.read excel( 'tables.xlsx’,
table2 = pd.read excel( 'tables.xlsx’,
table3 = pd.read excel('tables.xlsx',
tableda = pd.read excel('tables.xlsx’,
tabledb = pd.read excel('tables.xlsx’,
table5 = pd.read excel( 'tables.xlsx’,
tablef = pd.read excel( 'tables.xlsx’,

"tablel")
'table2")
'table3")

'tableda’)
‘table4b’)

"tables’
"tableg')

tablel

country year cases population
0 Afghanistan 1999 745 18887071
1 Afghanisian 2000 2666 205085360
2 Brazil 199% 37737 172006362
3 Brazil 2000 50483 174504308
4 China 19899 212258 1272915272
5 China 2000 213766 1280423583

11
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Formats of a dataset

Variables such as values ...

tablez2

country  wear type count

0 Afghanistan 1295 cases 745
1 Afghanistan 1%9% population 19857071
Z Afghanistan 2000 CASEs 2666
3 Afghanistan 2000 population 205485380
4 Brazil 1599 Cases J7T3a7
L] Brazil 199% population 172008352
6 Brazil 2000 Cases 40433
7 Brazil 2000 population 174504353
g China 1395 Cases 212258
9 China 1392 population 1272915272
10 China 2000 Cases 213766
11 China 2000 population 1280428583

12
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Formats of a dataset

A single column with several features ...

tablel
country year rate
0 Afghanistan 1202 74518557071
1 Afghanistan 2000 2666720595360

2 Brazil 1999 ITTITNT2006362
3 Brazil 2000 2042881 74504308
4 China 1999 212258M1272015272
5

China 2000 213766/1280423583
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Formats of a dataset

® Afeature separated into several columns...

tables

country century year rate
0 Afghanistan 19 G T45/19938T071
1 Afghanistan 20 1] 266620505380
2 Brazil 19 0% ITTITHT2006362
i Brazil 20 1] 204281 74504308
4 China 12 % 212258M272915272
5 China 20 0 213766/M1280428583
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Formats of a dataset

® A separate unit of analysis in several tables
® Values in columns instead of cells ...

tableda tabledb
country 1999 2000 country 1999 2000
0 Afghanisian 745 2666 0 Afghanistan 19987071 20595360
1 Brazil 37737  B0483 1 Brazil 172008362 174504383
2 China 212258 213766 2 Chima 1272915272 1280428533

15
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Formats of a dataset

® Features with empty values, duplicated and
incorrect format ...

tablet

country  year cases  population
0 Afghanistan 1553 745,00 19937071
1 Afghanistan 15993 745.00 19937071
2 MaM 2000 2666.01 20595360
3 Brazil 1999 37737.00 172006362
4 Mak 2000  20488.00 174504888
5 China 1999 212258.00 1272915272

& MaM 2000 213766.00 1280423583
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® Introduction

® Widening tables

® Narrowing down tables
® Separating columns

® Joining columns

® Missing data

® Dropping duplicates

® Data Types

® Data Formating

® Regex

17



| M

MUNE

26 % CODING INSTITUTE

Widening tables

Let’s fix the ‘variable as values’ problem ...

tablez2

country  wear type count

0 Afghanistan 1295 cases 745
1 Afghanistan 1%9% population 19857071
Z Afghanistan 2000 CASEs 2666
3 Afghanistan 2000 population 205485380
4 Brazil 1599 Cases J7T3a7
L] Brazil 1999 population 172005352
6 Brazil 2000 Cases 40433
7 Brazil 2000 population 174504353
g China 1395 Cases 212258
9 Chima 1992 population 1272315272
10 China 2000 Cases 213766
11 China 2000 population 1280428583

18
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Widening tables

® The pivot_table() function is used to distribute a
key/value pair across the columns of the table

df.pivot table(index = "column A", df
columns = "column B",
1 R - :"} column A column B column C
values = "column C
0 C1 X 91
column B X Y 1 C1 Y 91
2 c2 X 204
column A
c1 010 910

c2 2040 MNaN
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Widening tables

® We have to use the first aggregation function if the

values are not numbers ...

df
df .pivot table{index = "column B",
_CDJ.'.JIILHS = "cnlumn ::”r_ column & column B column C
values = "column A", 0 C
aggfunc="first") 1 C1
2 c2

column C 91 204

column B
X C1 c2
Y C1  MNaM

20
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Widening tables

® In the case of having a DataFrame with more than
3 columns ...

df

column A column B column © column D

0 1 X A 38
1 C1 X - 67
2 1 Y A 50
2 C1 b - 59
4 c2 X A 83
5 c2 X B 85
B c2 X c 13
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Widening tables

df .pivot table(index = ["column B", "column A"],
columns = "column C",
values = "column D")

column C A B C

colum B column A

X Cc1 380 NaN &7.0
c2 83.0 950 130

Y Cc1 50.0 NaN 3590

df

column A column B column C column D

C1

C1

C1

C1

c2

c2

c2

= ox o= < < = =

A

C
A
Cc
A

38

67

a0

a9

83

95

13

22
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Converting Row names into Columns

® A cleaned dataframe have all variables as columns
® We can reset the index after df.pivot_table() is

applied using the reset_index() and
rename_axis() functions

df

column A column B

df.pivot_table(index = [“column_B", "column_A"], 0 C1

columns = "column_C", 1 c1

values = “column_D") ) -

.reset_index() \

.rename_axis(Mone, axis='columns') 3 c1

4 C2

column_B  column,A A B C 5 02

0 X C1 380 MaM &7.0 - =
1 A C2 450 950 130 result = df.pivot_table(index
columns = "column_C",
2 ¥ C1 500 NaN 59.0 ey T

cccccccccccccc

A . T T -4

column C co.

38

67

50

59

83

95

23
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Converting Row names into Columns

® This procedure aplies in case that we have a

dataset with variables as row indexes

® In this case only reset_index() function is neeed

df_dirty.reset_index()

[= LI ™ B [T e ]

df_dirty

column_A
i
C1
i
C1
c2
c2

c2

column_B column_C column_D

=
[ T - : I Y o T IR o T =

38

&7

50

59

83

95

13

24
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Values as Variables — Especial Case

® A special case is when we find that in the first row
of the dataset are our variables

® Pandas does not have a specific function to
perform this task. First we have to rename the
columns and then delete the row from the dataset

datatrame
datatrame.rename(columns = dataframe.iloc[@])[1:]

0 1 2 3
Country Year Cases Population

1] Country  Year Cases Population

1 Afghanistan 1993 745 19937071

1 Afghanistan 15999 745 19937071
2 Afghanistan 2000 2666 20595360

2 Afghanistan 2000 2666 20595360
3 Brazil 1999 37737 172006362

3 Brazil 1999 37737 172008362
4 Brazil 2000 8043838 174504898

4 Brazil 2000 80488 174504853
5 China 1%%% 212258 1272815272

5 China 1999 212258 1272315272
& China 2000 213766 1280428583

& China 2000 213766 1280428583
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Exercise 1 (1/2)

® Load the following tables from the 'tables.xlsx’ file

import pandas as pd

table1 = pd.read_excel('Tables.xlsx', 'table1’)
table2 = pd.read_excel("Tables.xIsx', 'table2')
table3 = pd.read_excel('Tables.xIsx', 'table3')
tabled4a = pd.read_excel('Tables.xIsx', 'table4a')
tabled4b = pd.read_excel('Tables.xIsx', 'table4b')
table5 = pd.read_excel('Tables.xIsx', 'table5')
table6 = pd.read_excel('Tables.xlsx', 'table6')
table7= pd.read_excel(‘'Tables.xlIsx', 'table7’)
table8 = pd.read_excel('Tables.xlsx', 'table8')
table9 = pd.read_excel('Tables.xlsx', 'table9')

26
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Exercise 1 (2/2)

® Converts the dataset "table2" into a clean dataset,
as seen in "table1"

table2
tablel country year type count
0 Afghanistan 1995 CA5es 745
country year cases population 1 Afghanistan 1999 population 19957071
0 Afghanistan 1993 745 19987071 2 Afghanistan 2000 cases 2666
1 Afghanistan 2000 2BEE 20505360 3 Afghanistan 2000 population 20595350
2 Brazil 1999 37737 172006362 4 Brazil 1989 cases S
3 Erazil 2000 20488 174504808 5 Brazil 1889 population 172006352
4 China 1089 212258 1272915272 6 Brazil - 2000 cases 80483
5 China 2000 213766 1280428533 7 Brazil 2000 population 174504898
8 China 1999 Cases 212253
9 China 1992 population 1272915272
10 China 2000 cases 213766
11 China 2000 population 1280423583
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Exercise 2

® Convert the dataset "table1" into another one
showing the evolution of the population by years

tablel
country 1999 2000 country year cases population
1 Srazil 172008382 174504392 1 Afghanistan 2000 2866 20585350
2 China 1272915272 1280428583 7 Brazil 1999 77T 1T200R3E2
3 Brazil 2000 80488 174504393
4 China 199% 212258 1272915272
5 China 2000 213766 1280428583

29
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® Introduction

® Widening tables

® Narrowing down tables
® Separating columns

® Joining columns

® Missing data

® Dropping duplicates

® Data Types

® Data Formating

® Regex
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Narrowing down tables

® Let’s fix the ‘Value as Column’ problem ...

tableda

country 1999 2000

0 Afghanistan 745 2666
1 Brazil 37737 80483
2 China 212258 213766

32
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Narrowing down tables

® The melt() function takes multiple columns and
collects them into a key/value pair

d:
df .melt{id_wvars = 'column_A")
column_A  column_B  column_C
column_A variable walue

0 1 X o1
0 C1  column_E

1 1 ¥ 91
1 C1  column_E L)

2 2 X 204
2 2 column_EB
3 C1 column_C 91
4 C1  column_C 1
5

C2  column_C 204
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Narrowing down tables

® \We can ‘reserve’ as much columns as we want

df .melt{id_wvars = ['column_A', '‘column_B']) 2kt

- column_A  column_B  column_C
column_A  column_B variable walue - - -

. -

0 1 ¥ column_C 91 0 c * #1
1 i ¥ column C 91 - =1 g 2l
2 c2 X 204

2 C2 X column_C 204
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Narrowing down tables

® We can also specify the names of the variable and
value columns with the var_name and
value_name parameters

df .melt{id_wvars =['column_4&', 'column_B'], i
var_name = 'variable_column',
value_name = 'valus_column') column_A  column_B  column_C
o 1 X o
column_A column_B  wvariable_column  value_column
1 1 ¥ 1
1] 1 X column_C 91
2 2 X 204
1 1 ¥ column_C 91

2 c2 X column_C 204
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Exercise 3

® Convert the dataset "table1" into a narrow table
with the following shape:

country year cases population country year column data

0 Afghanistan 1993 745 19087071 0 Afghanisian 1398 cases ras
1 Afghanistan 2000 2666 20505360 1 Afghanisian 2000 cases 2688
2 Brazil 1088 37737 172006362 2 Srazil 1929 cases ST73T
3 Brazil 2000 80488 174504893 3 Srazil 2000 cases B04s2
4 China 1989 212258 1272915272 4 China 1998 cases 212258
5 China 2000 213766 1230423583 > cnina 2000 cases 213768
6 Afghanistan 189% population 19987071

7 Afghanistan 2000 population 205085360

8 Brazil 1999 population 172006352

9 Brazil 2000 population 1745043593

10 China 199% population 1272915272

11 China 2000 population 1280428583
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Exercise 4

® Converts the datasets "table4a" and "table4b" into a
clean dataset, as seen in "table1"

tableda tablel

country 1999 2000 .
country wear cases population

) 30 £ EE
UCTTTETEET D PR 0 Afghanistan 1999 745 12087071

1 Srazil 37737 50458 1 Afghanistan 2000 2666 20505360
Chi 3 66 .
z nina 212258 213768 2 Brazil 1999 37737 172006362
3 Brazii 2000 80488 174504308
tabledb
4 China 1999 212258 1272915272
country 1999 2000 5 China 2000 213766 1280423533

0 Afghanistan 19927071 20595360
1 Brazil 172006352 174504393
p China 1272915272 1280428533
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® Introduction

® Widening tables

® Narrowing down tables
® Separating columns

® Joining columns
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Separating columns

We are to fix the ‘Two values in one column’
problem ...

table3
country year rate
0 Afghanistan 1202 74518557071
1 Afghanistan 2000 2666720595360

2 Brazil 1999 ITTITNT2006362
3 Brazil 2000 2042881 74504308
4 China 1999 212258M1272015272
5

China 2000 213766/1280423583
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Separating columns

® Another common operation is to separate the value

of a column into several columns ...

df

def parse_value(s):
return s[-1]

(df.assign
column_Cl1 = df.column_C.map({lambda s: s[@]),
column_C2 = df.column_C.mapiparse_value)

)

.drop{columns = 'column_C')

)

L2 KM = O

column_A  column_B  column_C1  column_C2

0 1 X A 1
1 C1 ¥ A 2
2 C2 X B 1
3 c2 ¥ B 2

column B column B column C

C1

iy

c2

c2

X

Y
X
Y

Al

A2

B1

B2

42
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Separating columns

® Another common operation is to separate the value
of a column into several columns ...

def parse_valueis, separator, chunk):

d:
return s.spliti{separator)[chunk]
( column_A  column_B  column_C
df.assign 0 1 X A
column_C1 = df.column_C.map{lambda s: s.split({':')[©]),
column_Cla = lambda row: row.column_C.str[@8:1], 1 1 ¥ A2
column_C2 = df.column_C.applyi{parse_value, separator = ':', chunk = 1) 5 - , B
) X :
.drop{columns = 'column_C') 3 2 ¥ B2

column_ A column_B  column_C1 column_Cla column_C2

0 1 X A A 1
1 1 L} A A 2
2 2 X B B 1

3 c2 ¥ B B 2
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Exercise 5

® Converts the dataset "table3" into a clean dataset,
as seen in "table1"

® Make sure the new columns have the int datatype

tables tablel

country year rate country year «cases population
0 Afghanistan 1999 T45/19937071 0 Afghanistan 19G9 745 19937071
1 Afghanistan 2000 2666/20585380 1 Afghanistan 2000 2666 20595360
2 Brazil 1999 I7TTITAT2006362 2 Brazil 1999 37737 172008352
3 Brazil 2000 20488M174504808 3 Brazil 2000 804838 174504353
4 Chima 1999 212258/1272915272 4 China 1999 212258 1272915272
5 Chima 2000 213766/1280428583 5 China 2000 213766 1280428583

df = table3.copy()
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Joining columns

We are to fix the ‘Same value in two diferent
columns’ problem ...

table’7

country century year cases population

0 Afghanistan 19 a9 745 19987071
1 Afghanistan 20 0 2666 20595360
2 Brazil 19 99 37737 172006362
i Brazil 20 0 80488 174504898
4 China 19 99 212258 1272015272

B China 20 0 213766 1280428583
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Joining columns

® There are times when we need to join two columns
into one...

df.assign( df
column_AB = df.apply(lambda row: f"{row.column_A}-{row.column B}", axis = 'columns'},
column_AC = lambda row: row.column A + “-" + row.column_C.astype('str') column A cohwnn_ B colunn_C
) 0 cl X 23
1 1 L) 33
column_A  column_B  column_C column_AB column_AC 2 2 ¥ 10
0 1 ! 23 C1-X C1-23 3 c2 ¥ 34
1 C1 i | 33 C1-¥ C1-33
2 2 ! 10 C2-X C2-10
3 o i | 34 c2-¥ C2-34

48
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Exercise 6

® Converts the dataset "table5" into a clean dataset,

as seen in "table1”
® Make sure the columns are the right type

tables

country century year rate
0 Afghanistan 19 o9 74519987071
1 Afghanistan 20 0 2666/205953460
2 Brazil 19 ) ITTITAT2006362
3 Brazil 20 0 204288/174504208
4 China 1% 00  212258M272015272
] China 20 0 213766/1280428553

tablel

country year cases population
0 Afghanistan 1999 745 19987071
1 Afghanistan 2000 2866 20595360
2 Brazil 1999 37737 172008352
3 Brazil 2000 80488 174504308
4 China 1999 212258 1272915272
5 China 2000 213766 1280428583
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Exercise 7

® Convert the dataset "table1" into a narrow table
with the following shape:

® Bunus: Can you done the exercise in one
sentence?

tablel
country year cases population . .
country cases_1999 cases_2000 population_19%9 population_2000

0 Afghanistan 1%09% 745 19987071 ] — -

0 Afghanistan 745 2666 19987071 20595360
1 Afghanisian 2000 2666 205095360 )

1 Brazil 3TTAT 80453 172006362 174504393
2 Brazil 1995 37737 172006362 )

2 China 212258 213766 1272915272 1280428553
3 Brazil 2000 80488 174504398
4 China 19895 212258 1272915272
1] China 2000 213766 1280428583

51
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Missing Data

® Missing Data can generate problems when
trying to represent the data or apply it to an
algorithm

® |t can hide or represent anomalies in the system

® |t is necessary to identify and treat those
missing values (dropping the row or filling the
value)

54



ldentifying Missing Data

Pandas provides several methods to identifying null
values.

® df.info() method to print a summary of a Dataframe

® df.isnull() / df.notnull() methods to detect
missing values

55
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ldentifying Missing Data

df df.isnull().sum()
column_A column_B column_ C column_D
column_A 2
0 Mal MNal A 23.0 column_B 3
column_C 1
1 1 [xa A 33.0 column D 1
2 c2 X B 10,0 dtype: int64
3 Nal MaM NaM Mah df .notnull().sum()
column_A 2
column_B 1
df.isnull() column_C 3
column_ D 3
column_A column_B column_ C column_D dtype: ints4
1] True True False False
1 False True False False
2 False False False False

3 True True True True
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ldentifying Missing Data

df.info()

<class "pandas.core.frame.DataFrame’ >
Rangelndex: 4 entries, & to 3

Data columns (total 4 columns):

#  Column Mon-Mull Count Dtype

8 column_ A 2 non-null object
1 column B 1 non-null object
2 column_C 3 non-null object
3  column D 3 non-null floated

diypes: floatéd(1l), object(3)
memory usage: 256.8+ bytes

df

column_A column_B  column_C column_D

0 Mak Mah A 23.0
1 1 Mal A 33.0
2 2 X E 10,0
3 Mal Mal Mal Mal

57
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Removing missing data

® The dropna() function removes all rows that
contain any null value

® Note that we remove the full row (not only the
columns with missing values)

df.dropnal)

2

column_A  column_B column_C  column_D

C2

B

00
10,0

column_A  column_B column_C  column_D

Mak

C1

2

Mak

Mak

Mak

Mak

A

A

B

Mak

23.0

33.0

10.0

Mak
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Removing missing data

® The 'how' parameter allows to specify if we want to
remove only the rows with all values missing

df.dropnalhow =

0

9

2

column_A column_B column_C  column_D

Mak

1

2

'all')

MHaM

MakM

A

A

]

23.0

33.0

10.0

column_A <olumn_B column_C column_D

Mak

C1

2

Mak

Mak

Mak

Mak

A

A

B

Mak

23.0

33.0

10.0

Mak
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Removing missing data

® The "subset' parameter allows you to specify a
subset of columns whose value must be null to
remove the row

column_A column_B column_C column_D

1] MaM Hak A 23.0

df.dropna(subset = ['column_A', 'column_B'], how = 'all') 1 1 Mal A 33.0

column_A  column_B column_C  column_D 2 L2 x B 10.0

1 1 Mal A 23.0 3 MaM Mak Mak Mak
2 c2 X B 10.0
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Filling missing Data

® The fillna() function replaces missing values in a
dataset.

® This method can be applied to a whole columns in
a dataset or an individual column

® In the case of applying it to the entire data set, we
have to specify a dictionary where for each column
we specify the value that we are going to use to
replace a null or missing value
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Missing Data Strategies

We can have different strategies to treat missing data:

® Remove the missing data (only when there are
enough samples in the dataset)

® Assign a fixed value

® Estimate the missing data with a statistical
function (mean, median, most frequent, etc.)

® Estimate the missing data with a more complex
method like an interpolation method

® Use the previous or subsequent row
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Fixed Values

® In the case of fixed values we simply specify the
value that we can assign to a column (if the data is
missing)

values = {'column_4&' : 'C1°', df
‘column_B' o2 X'}
d:.:illnal:'u'aluesjl column_A  column_B column_C column_D
0 1 Mal A 23.0
column_A  column_B column_C  column_D
1 co ¥ A 33.0
o £ X A 230 2 Mal X B Nal
1 Co ¥ A 33.0
2 1 X E Mam
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Statistical Function

® |n the case of a statistical function, we can
use a function like the mean or the median

d:
df.fillnaf
{'column_D' : d¥f.column_D.meani)} column_A column_B column_C column_D
:I ] 1 MaM A 23.0
column_A column_B column_C  column_D 1 co L) A 33.0
2 MaM X E MalM
0 C1 Mak A 23.0
1 co ¥ A 33.0
2 Mal X B 28.0
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Statistical Function

® In case of categorical columns we can not use
a mathematical function, we will use the most
frequent value of the column (mode)

df.column_B.value_counts() df
bt ) column_A  column_B  column_C  column_D
o1 , 0 1 X A 23
Mame: column_B, dtype: intcd

1 Co ¥ A 33
df.column_B.mode( )

2 Mah X B 54
a X

3 1 Mal B 23

dtype: object
df.fillna({'calumn_B' : df.column_B.made()[@]1})

column_A <olumn_B column_C  column_D

1] 1 X A 23
1 co ¥ A 33
2 Mak X B 34
3 C1 B 23



IMMUNE

CODING INSTITUTE

Interpolation Method

® Other posiblitily is estimate missing values using an

interpolation method

df.assigni
column_D =

)

df.column_D.interpolate(methaod
limit_direction

column_A  column_B  column_C  column_D

1] 1
1 co
2 C1
3 C1

https://pandas.pydata.org/docs/reference/api/

X

"

W
e

X

A

A

B

B

23.0

33.0

28.0

23.0

pandas.DataFrame.interpolate.html

'forward')

d:

column_A column_B  column_C  column_D

1

1

1

W
A

A 23.0
A 33.0
B Mak
B 23.0
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Previous or subsequent row

® We could fill in missing values of a column with the
value of the previous row (or the subsequent

row)
® |t is a common technique to treat data that comes
from Excel
df.fillnaimethod = 'F£Fill') df

column_A  column_B column_C  column_D
column_A  column_B column_C  column_D

0 1 X A 23 0 C X A 23
1 o . R . 1 o ¥ A 33
5 0 ; 5 s 2 Mall X B 54
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Individual Columns

® The fillna() method can also be applied to an
individual column instead of applying it to all
columns at the same time

® We could use any of the strategies we have seen

df.assigni dE
column_D = df.column_D.fillnaldf.column_D.mean())
:| column_A  column_B column_C  column_D

i} 1 HaM A 23.0
column_ A column_B column_C  column_D

1 co ¥ A 33.0
0 c1 Makl A 23.0 2 MaM X B Mal
1 co ¥ A 33.0
2 NaM X B 28.0
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Exercise 8
Over the ‘table8’ dataset:

® Determine which column(s) has the greatest number of NaNs.

® Fill the variable 'country' with the value of the subsequent row

® Fill in the null categorical variables with the nost frequent value.

® Fill the variable 'preTestScore' with the mean value

® Fill the variable 'postTestScore' with the median value

® Delete records with missing values in 'age’

tabled

Country first_name last_name age sex preTestScore postTestScore country first_name last_name age sex preTestScore postTestScore

0 UK Jason Miller 420 m 4,0 25,0 o UK Jasan Miller 420 m 4.0 25.0
i Mak Mary Smith  Makl  MalM Mak Mal 2 UK Tina Ali 380 f 3 62.0
2 Mak Tina Al 360 f MamM MaM 3 UsA lake Milner 240 m 2 62.0
3 sa lake Milner 24.0 m 2.0 6.0 4 UsA Ay Cooze 73.0 f 3.0 70.0
4 Hak Amy Cooze 73.0 f 3.0 70.0 5 USA Anne nn 230 f 3 62.0
5 Mah Anne lynn 23.0 f MaM MaM
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Droping duplicates

® Dropping duplicates from your data sets is a task
you will may have to do as a Data Analyst.

® These duplicates may have been created through
lax data integrity or incorrect joining methods during
data extraction

country year cases population

0 Afghanistan 1933 745 194937071
0 Afghanistan 15959 745 19987071
1 Afghanistan 2000 2666 20595360
2 Brazil 1999 37737 172006362
3 Brazil 2000 80488 174504858
4 China 1999 212258 1272915272
5 China 2000 213786 1280428583



ldentifying Duplicates

® Before we remove duplicates, we first need to
check whether or not our data set contains
duplicates and how we define what a duplicate is.

® Depending on your requirements, a duplicate could
either be the duplication of an entire row or
duplication based on business rules such as an
employee have unique job numbers
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ldentifying Duplicates

® df.duplicate() lets you localize duplicates

® In this case search duplicates on the basis of all
columns

df.duplicated()

d:

a False .

a True country year cases population
1  False 0 Afghanistan 1999 745 19987071
2 Fal=ze

3 False 0 Afghanistan 1999 745 19987071
4 Falze

©  Ealee 1 Afghanistan 2000 2666 20595360
dtype: bool 2 Brazil 1999 37737 172006362
df.duplicated().sumi) 3 Brazil 2000 20438 1745048328
1 4 China 1999 212258 1272915272

] China 2000 213766 12804285383
df[df.duplicated()]

counfry year cases population

0 Afghanistan 15539 745 19937071
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ldentifying Duplicates

® df.duplicates() can also search for duplicates on

the basis of a subset of columns

® “keep’ parameter specify which row is kept

df.duplicated(subset = ['country'],
keep = 'First')

a False
a True
1 True
2 False
3 True
4 False
=] True
dtype: bool
df.duplicated(subset = ['country'],
keep = 'Ffirst').sumi)

4

country
0 Afghanistan
0 Afghanistan

1 Afghanistan

2 Brazil
3 Brazil
4 China
5 China

year Cases

1553 745

1999 745

2000 2666

1999 37737

2000 80433

1999 212253

2000 213766

population
19937071
19937071
20595360
172006362
174504852
1272915272

1280428583
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ldentifying Duplicates

df[df.duplicated({subset = ['country'], df
keep = 'first')]
country  year cases  population

country year cases population
0 Afghanistan 1999 745 19937071

0 Afghanistan 195% 745 1599387071
0 Afghanistan 1999 745 19937071

1 Afghanistan 2000 2666 20595360

=1

Afghanistan 2000 2666 20595360

3 Brazil 2000 80483 174504893
2 Brazil 1999 37737 172006362
5 China 2000 213766 1280428533
3 Brazil 2000 80438 1745048938
. 4 China 1999 212258 1272915272
df[~df.duplicated(subset = ['country'],
keep = 'first')] 5 China 2000 213766 1280428583

country year cases population
0 Afghanistan 1999 745 19937071
2 Brazil 1999 37737 172006362

4 China 1959 212258 1272915272
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Droping duplicate rows

® To drop duplicates we use the drop_duplicates|()
function.

® We can use different strategies:
® Drop all duplicates, on the basis of all the columns

® Drop all duplicates, on the basis of a subset of
columns
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Droping duplicate rows

® Drop all duplicates, on the basis of all the columns

df.drop_duplicates()

1]

country
Afghanistan
Afghanistan
Brazil

Brazil

China

China

212258

213766

population
19937071
20595360
172006362
174504558
1272915272

1280428583

]

]

country
Afghanistan
Afghanistan
Afghanistan
Brazil

Brazil

China

China

cases population

745 19937071

[N=]
[X=]

745 19937071
2666 20595360
37737 172006362
20438 174504892
212258 1272915272

213766 1280423583
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Droping duplicate rows

® Drop all duplicates, on the basis of a subset of
columns

® Use the parameter "keep” indicating the row to be
deleted (‘first’ or ‘last’)

® Order the values of the dataset if you need a
specific order "

country wear cases population

0 Afghanistan 1999 745 19987071
df.drop_duplicates({subset=["'country'], keep = 'Ffirst') 0 Afghanistan 1993 745 19337071
. 1 Afghanistan 2000 2666 20595360
country year cases population
2 Brazil 1999 37737 172006362
0 Afghanistan 1999 745 19987071 Al deesoeren
2 Brazil 1999 37737 172006362 3 Brazil 2000 80488 174504858
4 China 1999 212258 1272915272
4 China 1399 212258 1272315272 na 1= fesiaed
5 China 2000 213766 1280428583
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Exercise 9

® On table1, keep only one distinct values for the
“Country” column (The rows with highest “cases”).

® |dentify the rows that are going to be removed

Rows Removed:

country wear cases population

tablel
0 Afghanistan 1999 745 19987071
counk ear  Cases opulation
2 Brazil 199% 37737 172006362 vy pop
0 Afghanistan 159%% 745 19987071
4 China 1999 212258 1272815272
1 Afghanistan 2000 2666 20595360
2 Brazil 19%% 37737 172006362
3 Brazil 2000 20488 174504808
Rows held : ' :
. 4 China 1999 212258 1272915272
country wear cases population
5 China 2000 213766 1280423583

1 Afghanistan 2000 2666 20595360
3 Brazil 2000 80488 174504893

5 China 2000 213766 1280428583
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Data Types

® Correctly interpreting the data type is crucial

® We should make sure that every column is
assigned to the correct data type

® Data types are one of those things that you don’t
tend to care about until you get an error or some
unexpected results

string string
“1@1@16” ? “161 _ @1@”
1901010
date ‘f’ ~\; time
10/10/10 10:10:10
humber

101010

83



IIIIIIIIIIIIIIII

Data Types

® A data type is essentially an internal construct that
a programming language uses to understand how
to store and manipulate data

Pandas dtype | Python type | NumPy type Usage

object str or mixed | string_, unicode_, mixed types Text or mixed numeric and non-numeric
values

intG4 int int_, int8, int16, int32, int64, uint8, uint1G, Integer numbers

uint32, uintb4

float64 float float_, float16, float32, float64 Floating point numbers

bool bool bool_ True/False values

datetimetd datetime datetime64[ns] Date and time values
timedelta[ns] | NA NA Differences between two datetimes

category MNA MNA Finite list of text values
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|dentifying Data Types

® df.dtypes displays all the data types are in a
dataframe

® Additionally, the df.info() function shows even
more 11:efiil infn dataset

dataset.dtypes

country year cases population
country object 0 Afghanistan 1993 745.0 19,887,071
Vear inted
Cases floathd 1 Afghanistan 2000 2666.0 20,595,360
populatian object )
. 2 Brazil 1999 37737.0 172,006,362
dtvpe: object e
. 3 Brazil 2000 3042330 174,504,893
dataset.infol)
4 China 1999 212258.0 1,272.5915.272
<class 'pandas.core.frame.DataFrame’>
RangeIndex: & entries, @ to 5 5 China 2000 213766.0 1,.2804238583
Data columns (total 4 columns):
3 Column Mon-Null Count Dtype
a8 country & non-null object
1 Year & non-null inted
2 cases & non-null floated
3 population & non-null object

dtypes: floatedil), inte4({1l), object(2)
memory usage: 328.8+ bytes
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Converting Data Types

® The simplest way to convert a pandas column of

data to a different type is to use astype() function

dataset = dataset.assigni
cases = dataset.cases.astype("intad™)

dataset.infol)

{<class 'pandas.core.frame.DataFrame’:
Rangelndex: & entries, @ to 5
Data columns (total 4 columns):

- Column Mon-Null Count Dtype
a country & non-null object
1 YEar & non-null inted
2 cases & non-null inted
3 population & non-null object

ditypes: inted(2), ocbject(2)
memory usage: 328.8+ bytes

dataset

country
0 Afghanistan

1 Afghanistan

2 Brazil
3 Brazil
4 China
5 China

year Cases population
1999 745.0 19,987,071
000 2666.0 20,595,360
1999  37737.0 172,006,362
000 80488.0 174,504,393
1999 212258.0 1,272,915,272
000 213766.0 1,280,4238,583

dataset.cases.astype("inte4")

a 745
1 2666
2 37737
3 8488
4 212258
5 213766
Name: cases,

dtype:

inted
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Converting Data Types

® Since this data is a little more complex to convert,

we can build a custom function that we apply to

each value and convert to the appropriate

data type.

® \We can use lambda functions too

def convert_functioniwvall:

Convert the string number value to a int
- Remove commas
- Convert to int twype

new_val = val.replace(',',"'")
return inti{new_val)

dataset = dataset.assigni
cases = dataset.cases.apply(lambda val : inti{wval)),
population = dataset.populaticon.applyiconvert_function)

)

dataset

country
0 Afghanistan

1 Afghanistan

2 Brazil
3 Brazil
4 China
5 China

year

1993

2000

1554

2000

1999

R
2000

Cases

745.0

2666.0

377370

d30438.0

212258.0

213766.0

population
19,987,071
20,595,360
172,006,362
174,504,858
1,272,915,272

1,280,428,583
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Pandas helper functions

® Pandas has a middle ground between the astype()
function and the more complex custom functions

® pd.to_datetime() converts its argument to a
datetime

dataset = dataset.assigni dataset.info()
yvear = pd.to_datetime(dataset.year, format = "®¥")

) <class 'pandas.core.frame.DataFrame’'>

dataset RangeIndex: 6 entries, @ to 5
Data columns {(total 4 columns):

country year cases population # Column Mon-Null Count Dtype

0 Afghanistan  1999-01-01 745 18987071 8 country 6 noA-null object

1 Afghanistan 2000-01-01 2666 20595360 Looyear 5 non-null datetimendine]
2 Cases & non-null inted

2 Brazil 1999-01-01 37737 172006362 3 population & non-null inte4
dtypes: datetimecd4[ns](1), inted4i{2), objectil)

3 Brazil 2000-01-01 80438 17450423938 memory usage: 328.8+ bytes

4 China 199%-01-01 212258 1272815272

5 China 2000-01-01 213766 1280428583

https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.to_datetime.html
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Pandas helper functions

® |If we have a dataframe with the columns ‘year’,
‘month’ and ‘day’ we can use pd.to_datetime()
to get a new datetime column

pd.to_datetime(df.filter(["day", “vear", "month"]1)) df

a8 2815-82-a4 year month day wvalue

1 2816-83-a5

dtvpe: datetimesd[ns] 0 2015 2 4 41
1 2016 3 5 43

df.assign(
datetime = pd.to_datetime(df.filter(["day", “"vear", "month"]))
)

year month day walue datetime
0 2015 2 4 41 2015-02-04

1 2016 3 5 43 2016-03-05
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Pandas helper functions

® pd.to_numeric() helps us when astype() don't
work properly

dataset = dataset.asszign( e

cases = dataset.cases.astype('inted ") ]
country wear cases population

)
c:\usersidaniel.virtualenvs\practicas-pandas-cjitosop\lib\sits 0 Afghanistan 1333 A 13387071
1872 # work around NumPy brokenness, #1987 ) -
. . \ 1 Afghanistan 2000 2666 20595360
18473 if np.issubdtypel(dtype.type, np.integer): = 7
-» 1874 return lib.astype_intsafe(arr.ravel(]), dty 7 Brazil 1999 37737 172006382
1875
1876 # if we have a datetime/timedelta array of obj: 3 Erazil 2000 80483 174504838
. \ \ 4 China 1999 212258 1272915272
pandash_libsylib.pyx 1n 9]
5 China 2000 213766 1280428583

ValueError: invalid literal for int() with base 18: '4 '
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Pandas helper functions

® pd.to_numeric() has an argument named
‘errors’ that help us deal with convertions errors

dataset
dataset.assignf(
: cases = pd.to_numericidataset.cases, errors = “"coerce") country yew cases population

0 Afghanistan 1999 A 19937071

country year cases population

1 Afghanistan 2000 2666 20595360
0 Afghanistan 1999 Mak 19937071

2 Erazil 1999 37737 172006362
1 Afghanistan 2000 2666.0 20595360

3 Erazil 2000 804338 174504393
2 Brazil 1999 37737.0 172006362

4 China 1999 212258 1272915272
3 Brazil 2000 80433.0 174504393

5 China 2000 213766 1280428533
4 China 1999 2122530 127V2915272
5 China 2000 213766.0 12380428583

https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.to_numeric.html
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Categorical Data

® Categoricals are a pandas data type corresponding to
categorical variables in statistics

® A categorical variable takes on a limited, and fixed,
number of possible values

® Categorical data might have an order
® Examples: gender, social class, blood type, country, etc.
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Categorical Colums - Pros

® A string variable consisting of only a few different
values. Converting such a string variable to a
categorical variable will save some memory.

® The lexical order of a variable is not the same as the

logical order (“one”, “two”, “three”)

® |tis a signal to other Python libraries that this column
should be treated as a categorical variable
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Categorical Columns

® pd.Categorical() convert any column into a
category representing a categorical variable

pd.Categorical(tablel.country) tablel

['Afghanistan', '4fghanistan', 'Brazil', 'Brazil', 'China', 'China'] country year «cases population
Categories (3, object): ['Afghanistan', 'Brazil', 'China']
0 Afghanistan 1999 745 19937071

tablel.assigni

country_Category = pd.Categorical(tablel.country) R 22 2 R

) 2 Brazil 1999 37737 172006362

country year cases population country_Category 3 Brazil 2000 20428 174504832

0 Afghanistan 1399 745 19387071 Afghanistan 4 China 135% 212258 1272315272

1 Afghanistan 2000 2666 20595360 Afghanistan 5 China 2000 213766 1280425583
2 Brazil 1999 37737 172006362 Erazil
3 Brazil 2000 80488 174504853 Erazil
4 China 19%% 212258 1272815272 China

5 China 2000 213766 1280423583 China
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Categorical Columns

® pd.Categorical() convert any column into a
category representing a categorical variable

tablel
tablel.assign( country year «cases population
country_Category = pd.Categorical(tablel.country) ] - . o
y N 0 Afghanistan 1999 745 19937071
-info() 1 Afghanistan 2000 2666 20595380
<class 'pandas.core.frame.DataFrame'> 3 EBrazil 1999 37737 172006362
Rangelndex: & entries, @ to 5
Data columns (total 5 columns): 3 Brazil 2000 30488 174504893
# Column Marn-HNull Count Dtype
e e e e 4 China 1999 212258 1272915272
9  country & non-null object 5 China 2000 213766 1280428583
1 Vear & non-null inta4
2 Cases & non-null inted
3 population & non-null inta4
4 country_Category © non-null category

dtypes: category(l), intedi(3), objectil)
memory usage: 453.8+ bytes
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Categorical Columns

® |f we need that the categorical is treated as a ordered
categorical column we can use the ‘ordered’ param

tablel.assignf
country_Category = pd.Categoricalf
tablel.country,
categories=["Brazil”, "4fghanistan™,"China"],
ordered=True)
)

sort_values(["country_Category™])

country  wear «cases population country_Category

2 Brazil 1999 37737 172006362 Brazil
3 Brazil 2000 80433 174504393 Brazil
0 Afghanistan 199% 745 19937071 Afghanistan
1 Afghanistan 2000 2666 20595360 Afghanistan
4 China 1999 212258 1272915272 China
5 China 2000 213766 1230423533 China
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Factorization

® Another alternative to categorize a column is
factorization (encode a column with a numerical
representation)

values, uniques = tablel.country.factorizel) tablel
print(f"Numeric Representation : {values}™) country year cases population
print(f"Unique Values : {list({unigques)i}")
0 Afghanistan 1959 745 19987071
Mumeric Representation @ [@ @ 1 1 2 2]
Unique Values : ['Afghanistan', 'Brazil', 'China'] 1 Afghanistan 2000 2666 20595360
o P e 2 Brazil 1999 37737 172006362
Country_Category = pd.factorize(tablel.country)[@] 3 Brazil 2000 80488 174504898
)
4 China 195%% 212258 1272913272
country year cases population Country_Category
5 China 2000 213766 1280428583
0 Afghanistan 1595 745 19987071 H
1 Afghanistan 2000 2666 20595360 a
2 Brazil 1999 37737 172006362 1
3 Brazil 2000 20488 174504893 1
4 China 19%% 212258 1272513272 2

5 China 2000 213766 1280423583 2
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Exercise 10 (1/3)

Clean the ‘sales.csv’ dataset:

® The CustomerNumber is a float64 but it should be
an int64

® The value2016 and value2017 columns are stored
as objects, not numerical values such as a float64
or int64

® PercentGrowth and JanUnits are also stored as
objects not numerical values

® We have Month , Day and Year columns that
should be converted to datetime64

® The Active column should be a Boolean
® The Region column should be a category
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Exercise 10 (2/3)

df

CustomerNumber CustomerMame Region  wvalue2016 value2017 PercentGrowth JanUnits Month Day Year Active

0 100020 Cuest Industries Morh 5125000.00  5162500.00 30.00%: 500 1 10 2015 ¥
1 5522720  Smith Plumbing Norh 5920 000.00 5101 200000 10.00%: 700 & 15 2014 L)
2 234770 ACME Industrial Morh 550,000,008 56250000 25,000 125 3 29 2016 ¥
3 24500.0 Brekke LTD  South 535000000  5490000.00 4.00% 75 10 27 2015 ¥
4 651029.0 Harbor Co South  515000.00 $12750.00 -15.00%: Closed 2 2 2014 I
df.infol)

<class 'pandas.core.frame.DataFrame’>
RangeIndex: 5 entries, @ to 4
Data columns (total 11 columns):

3 Column Mon-Mull Count Dtype
a Customerlumber 5 non-null floatied
1 CustomerMName 5 non-null ohject
2 Regiaon 5 non-null ohject
3 valuez@le 5 non-null ohject
4 valuezal?y 5 non-null obhject
5 PercentGrowth 5 non-null obhject
& JanUnits 5 non-null obhject
7 Month 5 non-null inte4
8 Day 5 non-null inted
= Year 5 non-null int&d
18 Active 5 non-null object

dtypes: floated(l), intcd(3), object(7)
memory usage: S560B.8+ bytes
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Exercise 10 (3/3)

clean_d+

CustomerNumber CustomerMame Region

0 10002 Quest Industries Marh
1 552272  Smith Plumbing Marh
2 23477 ACME Industrial Marh
3 24900 Brekke LTDr  South
4 651029 Harbor Co South

clean_df.infol

<class 'pandas.core.frame.DataFrame’>

Rangelndex: 5

)

entries, @ to 4

Data columns (total 29 columns):

# Column

Customerh
Customerh
Region
valuezale
valuezal?y
Percentar
JanUnits
Active

a8 Date

b Ry I S R (T S o R

Mon-Mull Count
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
5 non-null

umbe
ame

owth

value20e wvalue2d17 PercentGrowth
125000.0 162500.0 0.30
920000.0 1012000.0 0.10
0000.0 62500.0 0.25
350000.0  490000.0 0.04

15000.0 12750.0 <015

ahject
category
floated
floatod
floatod
floatod

bool
datetimedd[ns]

JanUnits

Y
il

F00.0

125.0

75.0

s
i

Active

True

True

True

True

False

dtypes: bool(l), category(l), datetimefd[ns](1l), Ffloatedid), int&d{l), objecti(l)

MEMOrY USage:

542 .8+ bytes

Date

2015-01-10

2014-08-15

2016-03-29

2015-10-27

2014-02-02
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Data Formating

® Data formatting is the process of transforming data
into a common format

® We can have different problems. For example:
® Different values for the same concept
Example: ‘New York’ & ‘NY’
® The data is not homogeneous
Example: ‘91123112’ vs ‘911 231 12’
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Different values for the same concept

® |t may happen that the same concept is
represented in different ways

® We can use the value_counts() function to list all
the values of a column.

dataset

country year cases population

dataset.country.value_countsi) 0 Afg | 19949 745 19987071

China 3 1 Afghanistan 2000 2666 20595360

Brazil 1 2 Brazil, 1999 37737 172006362

Afg 1

Afghanistan 1 3 Brazil 2000 80488 174504808

Brazil, 1

Name: country, dtype: int64 4 China 1999 212258 1272915272
5 China 2000 213766 1280428583
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Different values for the same concept

® The replace() function is a convenient method to
replace values in a column.

dataset.assigni{country = dataset.country.replace( dataset
¢ 'Afg' : 'Afghanistan’ country year cases population
) ! ] Afg | 1995 745 19937071
) 1 Afghanistan 2000 2666 20595360
country vyear cases population 2 Brazil, 1999 37737 172006362
0 Afghanistan 1999 745 19987071 3 Erazil 2000 20433 174504892
1 Afghanistan 2000 2666 20595360 4 China 19%% 2122538 1272815272
2 Brazil, 19%% 37737 172006382 5 China 2000 213766 1280428583
3 Brazil 2000 20438 174504893
4 China 1999 212258 1272815272
5 China 2000 213766 1280428583
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Different values for the same concept

® Another possibility is to use a user function to clean
the data ...

import re dataset
def set_pattern(x): country wyear «cases population
if re.matchi r'.*,%"', ®): 0 Afq 1999 745 19987071
X = re.sub{r',%', "', ®x) g 1599 7 498707
return x 1 Afghanistan 2000 2666 20595360
dataset.assign( 2 Brazil, | 1992 37737 172006362
country = dataset.country.map(lambda value: set_patternivalue)) 3 Brazil 2000 80438 174504893
)
4 China 19%9% 212258 1272915272
country year cases population
5 China 2000 213766 1230423583
0 Afg o 1990 745 19927071
1 Afghanistan 2000 2666 20595360
2 Brazil 199% 37737 172006362
3 Brazil 2000 80433 174504893
4 China 19%9% 212258 1272915272
5 China 2000 213766 1280428523
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Make the data homogeneous

® This aspect involves numeric and string data

® Text data should have all the same formatting style,
such as lower case, or don’t have white spaces at
the beginning of string

tablel
tahlel.assign{ country year cases  population
country = tablel.country.str.lower().str.strip() 0 Afghanistan 1999 745 19987071
) 1 Afghanistan 2000 2666 20595360
- Kl Brazil 1999 37737 172006362
country year cases population
3 Brazil 2000 80488 174504898
0 afghanistan 1959 745 19987071 ) . o
4 China 1999 212258 1272815272
1 afghanistan 2000 2666 20595360 5 China 2000 213766 1280428583
2 brazil 1999 37737 172006362
tablel.country.str.lower()
3 brazil 2000 80483 174504858
8 afghanistan
4 china 1999 212258 1272915272 1 afghanistan
2 brazil
i - 3 brazil
5 china 2000 213766 1280428533 4 china
5 china

Mame: country, dtype: object
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Make the data homogeneous

® Numeric data should have for example the same

number of digits after the point.

® QOther techniques to make homogeneous numeric
data include Round up or Round down

import numpy as np

dataset.assigni(
caszes_2 = dataset.cases.round(2),
cases_round_up = dataset.cases.applyinp.ceil),
cases_round_down = dataset.cases.applyinp.floor)

)

country year cases population cases 2 cases_round_up cases_round_down
0 Afghanistan 19233 745.2310 19937071 745.23 746.0 745.0
1 Afghanistan 2000 2666.1231 20595360 2666.12 2667.0 2666.0
2 Brazil 199% 37737.1340 172006362 37737.13 37738.0 377370
3 Brazil 2000 20488.5432 1745042808 2048354 80489.0 20488.0
4 China 1999 2122583400 1272915272 212258.34 212259.0 212258.0
5 China 2000 213766.1000 12804238583 213766.10 213767.0 213766.0

dataset

country
0 Afghanistan

1 Afghanistan

2 Brazil
3 Erazil
4 China
5 China

year

15999

2000

1599

2000

1599

2000

cases population
7452310 19937071
2666.1231 20595360
377371340 172006362
20488,5432 174504808
212258.3400 1272915272

2137661000 1280428583
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Exercise 11

Clean the table9 dataset:
® On the field country, make sure that the same

country always has the same value

® Make the filed score homogeneous (2 decimals)
® Make the filed qualify homogeneous (lower case)

tabled

country
0 Herzegovina
1 Bosnia
2 UK
3 Macedonia
4 United Kingdom
5 Czechia
B Morth Macedonia

7 Bosnia and Herzegovina
8 Czech Republic

9 Czech Republic {Czechia)

13.0000

14,2132

13.5000

0000
RE R

attempts qualify edition

3

2

Yes

no

no

yes

yes

yes

nod

no

no

yes

000
W

200
200
200
200
2002
000
2000
200

000
ol

country

Eosnia and Herzegovina
Bosnia and Herzegovina
United Kingdom
Macedonia

United Kingdom

Czech Republic
Macedonia

Basnia and Herzegovina
Czech Republic

Czech Republic

sCore

12.00

13.00

14.21

13.50

attempts qualify edition

3

yes

no

no

yes

yes

yes

no

na

no

yes

000
WU

200
200
200
200
200
000

00D
oy

200

000
W

109



IIIIIIIIIIIIIIII

® Introduction

® Widening tables

® Narrowing down tables
® Separating columns

® Joining columns

® Missing data

® Dropping duplicates

® Data Types

® Data Formating

® Regex
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Text Data & Regex

® ~80% of data is Text

® Pandas provides a very rich set of functions to
manipulate strings (str prefix functions)

® There are several str methods which accept a
regex

® These methods works on the same line as Pythons
re module

® This will help us to:
® Check if a text meets a certain pattern
® Replace certain text pattern with another string
® Extract information from texts
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Match Patterns

® Check if a text meets a certain pattern will help us,

for instance, to find the names starting with a particular
character or search for a pattern within a dataframe

d:
Country
0 Finland
1 Denmar k
df.query("Country.str.matchir' “F' ") 2 Morway
Country 3 lceland
) 4 Metherlands
0 Finland
23 France
151 Rwanda
152 Tanzania
153 Afghanistan

154 Central African Republic

155 South Sudan

156 rows = 1 columns
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Match Patterns

® If we want to use flags with our regex expression
we cannot use query() function

F co C Fats] = A c " d:
df.query("Country.str.match(r'~F', False, re.IGNORECASE)")
Country
KeyError Traceback (most recent call last o Finland
1 Denmark
c:\usersidaniel\.virtualenvs\practicas-pandas-cjitosop\lib\site-packages\p
e " 5 " 2 Maorway
215 from pandas.core.computation.ops import UndeflinedV
216 3 lceland
== 217 raise UndefinedVariableError(key, 1s_local) from e 4 Netherlands
218
219 def swapkey(self, old_key: str, new_key: str, new_value=None):
151 RFwanda
UndefinedVariableError: name 're' is not defined
152 Tanzania
153 Afghanistan

df[df.Country.str.match{r'~f', False, re.IGNORECASE)] 1 Erel e e

Country 155 South Sudan
0 Finland 156 rows = 1 columns

23 France
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Match Patterns

® Sometimes it is very useful to count the number of

times a certain pattern appears in a text.

import re

df.assignf(

count_f_or_d = df.Country.str.count{r'[fd]', re.IGNORECASE)

A
Lhead()

Country count_f or_d

0 Finland
1 Denmark
2 Marway
3 lceland

4 MNetherlands

df.Country.str.count({r'[fd]', re.IGNORECASE).sumi)

44

2

=1

df
Country

0 Finland

1 Denmark

2 Morway

3 lceland

4 Metherlands
151 Fwanda
152 Tanzania
153 Afghanistan

154 Central African Republic

155 South Sudan

156 rows = 1 columns
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Replacing Text

® Replacing certain text pattern with another string
help us to make our data homogeneous

df.assign( de
cleaned_country = df.country.str.replacel'-%d',"'"',regex=True)
) country
country cleaned_country ] Finland-1
0 Finland-1 Finland 1 Colombia-2
1 Colombia-2 Colombia 2 Florida-3
2 Florida-3 Florida 3 lapan-4
3 lapan-4 lapan 4 Puerto Rico-5
4 Puerto Rico-5 Fuerto Rico 3 Russia-&
5 Russia-& Russia & france-7
& france-7 france
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Extracting information

® Extracting information from texts is extremely

common in our work as data scientists
® We have to use the capture groups

regex
d:

0
1
2
3
4

first_3_Letter = df.Country.str.extract({regex)i[@],
next_2 Letter = df.Country.str.extract{regex)[1]

I
Lhead()

Country
Finland
Denmark
MNorway
lceland

Metherlands

first_3_Letter
Fin

Den

Maor

lce

Met

= r 0w {33 (wi{2})’

.assigni

next 2_Letter
la

ma

dF
Country

[} Finland

1 Denmark

2 Morway

3 lceland

4 Metherlands
151 Rwanda
152 Tanzania
153 Afghanistan

154 Central African Republic

155 South Sudan

156 rows = 1 columns
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Extracting information

® |t will allow us, for example, to extract the dates
from a text

films.assign( films
year = films.title.str.extract({r' ("d{4})"'],
date = pd.to_datetime(films.title.str.extractir' ("d{4})')1[@], format = '®BY') title
)

0 Toy Story (1985)

title year date
1 GoldenEye [1996)

0  ToyStory[1295) 1995 1995-01-01
oy Story [1955) 1955 199 2 Four Rooms [1395)

[y

GoldenEye (1996) 1996 1996-01-01
3 Get Shorty (1995)

2 Four Rooms (1985) 1995 1995-01-01
4 Copycat (1998
3 GetShorty (1995) 1995 1995-01-01

4 Copycat (19598] 1998 1988-01-01
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Exercise 12

Load the file ‘text.txt’ in Pandas

Search the rows with ‘December’ or ‘Sept.’ literals
Replace ‘December’ by 12/ and ‘Sept. ’ by ‘9/
Create a new column with the date extracted from

every line

d¥

line
0 Central design committee session Tuesday 10/22..,
1 2012 9/15th LAE: Serial encoding (Section 2.2)
2 There will be another one on December 15th [Ye...

3 Workbook 3 [Minimum Wage): due Weadnesday 918 ...

4 He will be flying in 2018 Sept. 15th
line
2 There will be another one on December 15th [Ye...

4 He will be flying in 2018 Sept. 15th

line date
1] Central design committee session Tuesday 10/22,.. 2012-10-22
1 2018 9/19th LAE: Serial encoding [Section 2.2)  2012-0%-1%
2 There will be another one on 12/15th {Year 201... 2018-12-15

3 Workbook 3 [Minimum Wage): due Wednesday 9/18 .., 2018-09-13

4 He will be flying in 2018 915th  2018-09-13
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Exercise 12

(
df.assignf
line = (df.line
str.replacel 'December’ys*','12/"', regex = True)
str.replacel 'Septy L AsF, 90, regex = True)
)
)
Lassign(
year = lambda row : row.line.str.extractir'{Ad{4})')1[@],
month = lambda row : row.line.str.extractir'(‘\d+/4d+)")1[2]
)
assign(
date = lambda row : pd.to_datetime{row.year + '/' + row.month, format
)
.drop{columns = [“year”™, "month*])
)

%Y/ %/ %" )
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THANKS FOR YOUR ATTENTION

Daniel Villanueva Jiménez

@avillaj
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