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Pandas – Make a DataFrame
• Pandas is another powerful Python library for data cleaning or

data preprocessing, even for data analysis.
• Basically, you can imagine pandas as excel or table-like data

(panel data).
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# import package
import pandas as pd
# declare dict
ds = {'name':['mike','amy','may'], 'score':[70, 80, 23]}
df = pd.DataFrame.from_dict(ds) # use dict
df.head()



Pandas – Make a DataFrame
• In addition to dictionary, we may also use list to construct a 

Pandas dataframe.
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# declare list
ls = [['mike','amy','may','joy','mai','zoy','hoy'], [70, 80, 23 , 50, 72 , 

82, 73]]
df2 = pd.DataFrame.from_records(np.column_stack(ls), 

columns=['name','score']) # use list
# how many rows show in the following code?
df2.head()
# try this
df2.head(7)



Pandas – Indexing
• Get to know the data type and indexing of pandas dataframe.
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# data type
print(type(df2))

print(type(df2['name']))

# indexing
print(df2['name'][2])

# use iloc
df2.iloc[:2, :4]

# use loc
df2.loc[1:4,'score']



Pandas – Indexing
• Get to know the data type and indexing of pandas dataframe.
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# ask data row if it has may and mike
df2['name'].isin(['may','mike'])

# get data based on a condition
df2[df2['name'].isin(['may','mike'])]

# get the data type of elements
print(type(df2['score'][0]))



Pandas – Indexing
• Get to know the data type and indexing of pandas dataframe.
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# get column values
df2['score'].values

# use two or more conditions
df2.loc[(df2['score']>60) & 
(df2['score']<80)]

# change data type
df2['score'] = df2['score'].astype(int)
df2['score']



Pandas – Reset Index
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# use two or more conditions and reset index
df2.loc[(df2['score']>60) & (df2['score']<80)].reset_index()

# use two or more conditions and reset index
df2.loc[(df2['score']>60) & (df2['score']<80)].reset_index(drop=True)

# what is the difference between the abovementioned codes?



Pandas – Reset Index
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# use two or more conditions and reset index
df2.loc[(df2['score']>60) | (df2['score']<80)].reset_index(drop=True)

# why do we need drop=False?



Pandas – Sorting
• Sorting in Pandas dataframe
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# sorting by column value
# get sorted value
df2['score'].sort_values()

# get sorted index
df2['score'] = df2['score'].sort_values().index
# get sorted index for re-order dataframe
df2.iloc[df2['score'].sort_values().index]
# how to re-index the sorted dataframe?



Pandas – Merge & Concatenation
• What is the difference between merge and concat?
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df1 = pd.DataFrame({
"A": ["A0", "A1", "A2", "A3"],
"B": ["B0", "B1", "B2", "B3"],
"C": ["C0", "C1", "C2", "C3"],
"D": ["D0", "D1", "D2", "D3"],

},index=[0, 1, 2, 3],)

df2 = pd.DataFrame({
"B": ["B2", "B3", "B6", "B7"],
"D": ["D2", "D3", "D6", "D7"],
"F": ["F2", "F3", "F6", "F7"],

},index=[0, 1, 2, 3],)

df1 df2
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df1.merge(left_on='B', right=df2, right_on='B', how='left')

left

right

inner

outer

Pandas – Merge & 
Concatenation



Pandas – Merge & 
Concatenation
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pd.concat([df1, df2], axis=0) pd.concat([df1, df2], axis=1)



Pandas – Groupby & Drop Duplicated
• Group by and drop duplicated values
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ls = [['mike','amy','may','joy','mai','zoy','hoy','mai','zoy','hoy'], [70, 80, 23
, 50, 72 , 82, 73 , 80, 100, 45]]
df2 = pd.DataFrame.from_records(np.column_stack(ls), 

columns=['name','score'])
# drop duplicates
df2.drop_duplicates(['name'])

# groupby with count, mean, median, std, sum, …
df2.groupby(['name']).count().reset_index()
# try and observe



Pandas – Data I/O
• In most scenarios, we have to load the external dataset from

various file formats. Hopefully, Pandas proffers several common
file formats, such as csv, xlsx, and xml.
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csv json xml html
excel sas spss stata
sql hdl parquet feather
orc pickle fwf gbq



Pandas – Data I/O
• Here, we use the most commonly used file format – CSV.
• pandas.read_csv(filepath_or_buffer, *, sep=<no_default>, delimiter=None, header='i

nfer', names=<no_default>, index_col=None, usecols=None, dtype=None, engine=None,
converters=None, true_values=None, false_values=None, skipinitialspace=False, skipro

ws=None, skipfooter=0, nrows=None, na_values=None, keep_default_na=True, na_filter
=True, verbose=<no_default>, skip_blank_lines=True, parse_dates=None, infer_datetime
_format=<no_default>, keep_date_col=<no_default>, date_parser=<no_default>, date_fo
rmat=None, dayfirst=False, cache_dates=True, iterator=False, chunksize=None, compre
ssion='infer', thousands=None, decimal='.', lineterminator=None, quotechar='"', quoting=0,
doublequote=True, escapechar=None, comment=None, encoding=None, encoding_error

s='strict', dialect=None, on_bad_lines='error', delim_whitespace=<no_default>, low_mem
ory=True, memory_map=False, float_precision=None, storage_options=None, dtype_bac
kend=<no_default>)
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Pandas – Data I/O
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https://catalog.data.gov/dataset/nypd-
arrest-data-year-to-date

https://data.cityofnewyork.us/Public-
Safety/NYPD-Arrest-Data-Year-to-Date-/uip8-
fykc/about_data

Data
Spec

Data

https://catalog.data.gov/dataset/nypd-arrest-data-year-to-date
https://data.cityofnewyork.us/Public-Safety/NYPD-Arrest-Data-Year-to-Date-/uip8-fykc/about_data


df = pd.read_csv('NYPD_Arrest_Data__Year_to_Date_.csv')
# num is the number of lines you want to preview; default is 5
df.head() # you may try df.tail()

Pandas – Data I/O
• Read the file first and use .head() or .tail() to preview the content.
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Source: https://catalog.data.gov/dataset/nypd-arrest-data-year-to-date

https://catalog.data.gov/dataset/nypd-arrest-data-year-to-date


Pandas – Data I/O

# to csv
df.to_csv('data.csv', index=False)
# to excel
df.to_excel('data.xlsx', index=False)
# to json
df.to_json('data.json', index=False)

Chun-Hsiang Chan (2026) 19

After a series of preprocessing or analysis, you need to export
the DataFrame to a specific file format.



IsNA, Fillna & Dropna
• Most datasets have many NA values with different styles (i.e., -

9999, -9998, -9997, ' ', and NaN).
• We detect NA values for each column and think about the 

preprocessing method for NA values.
• Fill NA values with specified values
• Direct NA values
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# Why do we need to preprocess NA values?



IsNA, Fillna & Dropna
• NA Detection
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pd.isna(df)



IsNA, Fillna & Dropna
• Count the number of NA values

• Investigate the column of LAW_CAT_CD
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pd.isna(df)

df['LAW_CAT_CD'].drop_duplicates()

Level of offense: felony, misdemeanor, violation
Source: https://data.cityofnewyork.us/Public-Safety/NYPD-Arrest-Data-Year-to-Date-/uip8-fykc/about_data



IsNA, Fillna & Dropna
• We fill all NaN/ NA with 0.
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df['LAW_CAT_CD'] = df['LAW_CAT_CD'].fillna('0')
df['LAW_CAT_CD'].drop_duplicates()

V

X



IsNA, Fillna & Dropna
• Drop all NA in the columns of PD_CD, KY_CD, Latitude, Longitude, 

and New Georeferenced Column.
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# drop all NAs
df.dropna()
# if you only want to drop all NAs of the PD_CD column
# how will you do?



Pandas.Series.str
• Until now, we cannot use Fillna or Dropna to deal with the strange

NA format, i.e., '(null)'.
• Here, we introduce a series of Pandas built-in functions for string

data processing.
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Source: https://pandas.pydata.org/docs/reference/api/pandas.Series.str.capitalize.html



Pandas.Series.str.replace
• Now, we adopt replace to replace all '(null)' with '0'.
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Pandas.Series.str.replace
• Now, we adopt replace to replace all '(null)' with '0'.
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# replace '(null)' with '0'
df['LAW_CAT_CD'] = df['LAW_CAT_CD'].str.replace('(null)', '0')
# drop duplicated values
df['LAW_CAT_CD'].drop_duplicates()



Pandas.Series.str – Find Elements
• If you want to find the specific elements in a column, and then 

you may conduct find, contains, startswith, and endswith.
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df[df['PERP_RACE'].str.contains('BLACK')]['PERP_RACE'].drop_duplicates()

df[df['PERP_RACE'].str.startswith('BLACK')]['PERP_RACE'].drop_duplicates()

df[df['PERP_RACE'].str.endswith('HISPANIC')]['PERP_RACE'].drop_duplicates()



Pandas.Series.str – Find Elements
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df[df['PERP_RACE'] df[df['PERP_RACE'].str.find('HISPANIC')

• Sometimes, the keyword is neither at the beginning nor the end
of the text; instead, it may appear anywhere within it. In such
cases, using startswith or endswith alone cannot retrieve all
rows containing the specified elements.



Pandas.Series.str – Splitting Texts
• In feature engineering, we usually separate one text into several

segments to enrich the number of features. Here, we
demonstrate an example of Pandas.Series.str.split.
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df['ARREST_DATE'].str.split('/') df['ARREST_DATE'].str.split('/', expand=True)



DateTime Formation
• Datetime is one of the most important features of data science.

We may adopt pd.to_datetime with strftime to convert all
datetime format into datetime.datetime format.
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# convert to datetime
df['ARREST_DATE'] = pd.to_datetime(df['ARREST_DATE'], format='%m/%d/%Y')
# preview dataset
df.head(3)



DateTime Formation
Directive Meaning Example

%a Abbreviated weekday name. Sun, Mon, ...
%A Full weekday name. Sunday, Monday, ...
%w Weekday as a decimal number. 0, 1, ..., 6
%d Day of the month as a zero-padded decimal. 01, 02, ..., 31
%-d Day of the month as a decimal number. 1, 2, ..., 30
%b Abbreviated month name. Jan, Feb, ..., Dec
%B Full month name. January, February, ...
%m Month as a zero-padded decimal number. 01, 02, ..., 12
%-m Month as a decimal number. 1, 2, ..., 12
%y Year without century as a zero-padded decimal number. 00, 01, ..., 99
%-y Year without century as a decimal number. 0, 1, ..., 99
%Y Year with century as a decimal number. 2013, 2019 etc.
%H Hour (24-hour clock) as a zero-padded decimal number. 00, 01, ..., 23
%-H Hour (24-hour clock) as a decimal number. 0, 1, ..., 23
%I Hour (12-hour clock) as a zero-padded decimal number. 01, 02, ..., 12
%-I Hour (12-hour clock) as a decimal number. 1, 2, ... 12
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DateTime Formation
Directive Meaning Example

%p Locale’s AM or PM. AM, PM
%M Minute as a zero-padded decimal number. 00, 01, ..., 59
%-M Minute as a decimal number. 0, 1, ..., 59
%S Second as a zero-padded decimal number. 00, 01, ..., 59
%-S Second as a decimal number. 0, 1, ..., 59
%f Microsecond as a decimal number, zero-padded on the left. 000000 - 999999
%z UTC offset in the form +HHMM or -HHMM.
%Z Time zone name.
%j Day of the year as a zero-padded decimal number. 001, 002, ..., 366
%-j Day of the year as a decimal number. 1, 2, ..., 366

%U Week number of the year (Sunday as the first day of the week). All days in 
a new year preceding the first Sunday are considered to be in week 0.

00, 01, ..., 53

%W Week number of the year (Monday as the first day of the week). All days 
in a new year preceding the first Monday are considered to be in week 0. 00, 01, ..., 53

Chun-Hsiang Chan (2026) 33



DateTime Formation
Directive Meaning Example

%c Locale’s appropriate date and time representation. Mon Sep 30 07:06:05 2013
%x Locale’s appropriate date representation. 09/30/13
%X Locale’s appropriate time representation. 07:06:05
%% A literal '%' character. %
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Directiv
e Meaning Example



DateTime Analysis
• In addition to handling DateTime formats, temporal analysis plays a

crucial role in data engineering, enabling deeper insights into time-
dependent patterns, trends, and anomalies. Temporal data is
essential in fields such as time-series forecasting, event detection,
and scheduling optimizations.

• Properly managing temporal data involves handling different time
zones, dealing with missing or inconsistent timestamps, aggregating
data over time windows (e.g., daily, weekly, monthly), and ensuring
efficient indexing for performance optimization.

• Without robust temporal analysis, time-based insights can be
inaccurate, leading to flawed decision-making in applications such as
financial modeling, real-time monitoring, and predictive analytics.
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DateTime Analysis
• Pandas.Series.dt functions
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DateTime Analysis
• Here, we introduce some commonly used Pandas.Series.dt

functions as follows:
• Get DateTime information
• DateTime indexing
• Month indexing
• Weekday information
• Day of month and year
• Month name
• DateTime Range Indexing
• DateTime Computing
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DateTime Analysis – Get DateTime Info
# get DateTime information
print(df['ARREST_DATE'].dt.year[0], end='/')
print(df['ARREST_DATE'].dt.month[0], end='/')
print(df['ARREST_DATE'].dt.day[0], end=' ')
print(df['ARREST_DATE'].dt.hour[0], end=':')
print(df['ARREST_DATE'].dt.minute[0], end=':')
print(df['ARREST_DATE'].dt.second[0], end=':')
print(df['ARREST_DATE'].dt.microsecond[0], end=':')
print(df['ARREST_DATE'].dt.nanosecond[0])

Chun-Hsiang Chan (2026) 38



# DateTime related information
print('date:\t\t', df['ARREST_DATE'].dt.date[2])
print('day of week:\t', df['ARREST_DATE'].dt.dayofweek[2])
print('day of week:\t', df['ARREST_DATE'].dt.day_of_week[2])
print('day of month:\t', df['ARREST_DATE'].dt.weekday[2])
print('days of month:\t', df['ARREST_DATE'].dt.daysinmonth[2])
print('days of month:\t', df['ARREST_DATE'].dt.days_in_month[2])
print('day name:\t', df['ARREST_DATE'][2].day_name())
print('month name:\t', df['ARREST_DATE'][2].month_name())

DateTime Analysis – Info
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DateTime Analysis – Info
# Quick Check Datetime Related Information
print('is leap year:\t', df['ARREST_DATE'].dt.is_leap_year[2])
print('is month start:\t', df['ARREST_DATE'].dt.is_month_start[2])
print('is month end:\t', df['ARREST_DATE'].dt.is_month_end[2])
print('is quarter start:', df['ARREST_DATE'].dt.is_quarter_start[2])
print('is quarter end:\t', df['ARREST_DATE'].dt.is_quarter_end[2])
print('is year start:\t', df['ARREST_DATE'].dt.is_year_start[2])
print('is year end:\t', df['ARREST_DATE'].dt.is_year_end[2])
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DateTime Analysis – Format Conversion
# change DateTime format
df['ARREST_DATE'].dt.strftime(date_format='%A, %AB %d, %Y')

Chun-Hsiang Chan (2026) 41



DateTime Analysis – DateTime Indexing
• Here, we demonstrate how to filter a Pandas DataFrame

based on a date range, a common task in time-series
analysis and data preprocessing.

• It ensures that only records within a specified time window are
selected.
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# Define a time window
s_date = pd.to_datetime("2024-03-05")
e_date = pd.to_datetime("2024-03-25")
# change DateTime format
df[(df['ARREST_DATE']>=s_date) & (df['ARREST_DATE']<e_date)]



DateTime Analysis
• Execution results
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DateTime Analysis – Computing
# Create a Pandas Series with DateTime values
dates = pd.Series([

"2024-01-01 11:23:34.34523955802",
"2024-02-15 21:13:14.56707076436",
"2024-03-10 07:52:23.89876345677"])

# Convert the Series to DateTime format
dates = pd.to_datetime(dates)
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DateTime Analysis – Computing
# Define a reference date
reference_date = pd.to_datetime(

"2024-01-01 23:59:32.57989844790")

# Compute the difference in days
days_difference = (dates - reference_date).dt.days
secs_difference = (dates - reference_date).dt.seconds
microsec_difference = (dates - reference_date).dt.microseconds
nanosec_difference = (dates - reference_date).dt.nanoseconds
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DateTime Analysis – Computing

# Display the results
print(days_difference)

print(secs_difference)
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# Display the results
print(microsec_difference)

print(nanosec_difference)

dates Reference_date



Lab Practice #1
• Read File (csv, xlsx, xls, and json…)
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# read file
df = pd.read_csv('Airline Dataset Updated - v2.csv’)
df.head()



Lab Practice #1
• Number of pax took an On Time flight
• How many airports are arriving in the dataset?
• How many men and women are in the dataset?
• How many pax are in the dataset?
• How many countries are in the dataset?
• Which country has the highest number of pax in this dataset?
• Which airport has the highest number of pax in this dataset?
• How many male Russian pax arrive in France? 
• How many female Japan pax arrive in Canada on time?
• Following the previous question, what is their average age?
• How many female pax flows travel on the weekends? 
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The End
Thank you for your attention!
Email: chchan@ntnu.edu.tw
Website: https://toodou.github.io/ 
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