
Introduction to 
Data Analysis
Part 1. Finding and storing the data



Find the data

Store the 

data

Clean the 

data

Explore the 

data

Analyze in 

depth

Visualize the 

results

Tell the story
Understand the 

question

Introduction to 

Data Analysis



That’s how many 

pictures were taken in 

2021

3.500.000.000.000



That’s the percentage of Youtube

videos that is watched on mobile 

devices | 2021

70%



That’s the amount of time people 

watch Youtube videos. Every. 

Single. Day. | 2021

1 Billion 

hours



8 hours

That’s how many hours 

of video are uploaded 

to Youtube. Every. 

Single. Second | 2021



That’s Google's share of all 

internet searches

96%





30 years ago TodayMiddle Ages Future

The need for 

data scientists

Ability to extract knowledge 

from information

Availability of 

information

“Data is the sword of the 21st century, those who wield it 

the samurai.”
- Jonathan Rosenberg (Google)



Middle Ages

One 

newspaper.
in a lifetime.



30 years ago

Dat

aSpecialized teams 

perform

becomes 

available. manual 

analysis.



20 years ago



Data is everywhere.

Today

analyses.People drive



Not all problems can be 

solved with data science.



Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation



Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

So what can we do?



What browser is a particular 

user using to browse the site?

When was the last order 

placed?

Who placed the last order?

How did customer A find my 

website?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

Who, what, where or when did 

something happen?



When was the last order placed?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Data gathering

• Data exploration

• Filters, search functionality,…

• R EDA (functions such as ggplot or packages 

such as DataExplorer)

• Python EDA (pandas, numpy, seaborn and 

matplotlib libraries)

• Databases (SQL, NoSQL)



How did customer A find my 

website?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Web analytics

• Webstream analytics

• Online behaviour

• Google analytics, Elastic search (or any way 

to get data into R or Python)

• R EDA (functions such as ggplot or packages 

such as DataExplorer)

• Python EDA (pandas, numpy, seaborn and 

matplotlib libraries)

• Databases (SQL, NoSQL)



What browsers do my users 

tend to use?

How many outstanding orders 

do we have?

How many orders where 

placed last month?

Who are my 10 largest 

customers?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

Can you summarize what 

happened?



How many outstanding orders 

do we have?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Data gathering

• Data exploration

• Filters, search functionality,…

• Data synthesis!

• Dimensional modeling, SQL, NoSQL, 

dashboard, ETL, Pentaho, PowerBi, …



Is this bank transaction fraudulent?

What is the probability that this air 

conditioner will fail in the next year?

Will this air conditioner fail in the next 

three years, yes or no?

Is there a relationship between time 

spent under the sun and height of the 

plant?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

What happens when … ?



Is there a relationship between time 

spent under the sun and height of 

the plant?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Regression problem

• Y = f(x)

o y = height of plant

o f(x) = model that captures the relationship

• Linear, multi-linear, non-linear (polynomial)

• R (scatter plots, lm functions)

• Python (sklearn library, LinearRegression, 

PolynomialFeatures)



Will this air conditioner fail in the 

next three years?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Classification problem

• Y = f(x)

o y = {fail, no fail}

o f(x) = model that captures the relationship

• Logistic regression, linear discriminant analysis, 

quadratic discriminant analysis, decision trees, 

naïve bayes, support vector machines

• R (Rpart, e1071 package, svm function,…)

• Python (sklearn library, LogisticRegression, 

LinearDiscriminantAnalysis,…)



Which groups of sensors best 

displays the overall health of the 

system?

Which viewers like the same 

kind of movies?

What are the key differences 

between apples and oranges?

What factors best predict demand 

for electricity?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

What are the key parts and 

relationships of …?



What are the key differences 

between apples and oranges?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Feature selection problem

• Y = f(x)

o y = {apple, orange}

o f(x) = model that captures the relationship

• Correlation, forward, backward and stepwise 

selection, recursive feature elimination, 

randomforest,…

• R (cor function, stepAIC function, 

selectFeatures,…)

• Python (sklearn library, SelectKBest, RFE 

(recursive),…)



Which groups of sensors best displays 

the overall health of the system?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Clustering problem

• K-means, K-medoids, hierarchical 

agglomerative, … 

• R (stats package, cluster package, …)

• Python (sklearn library, Kmeans, 

AffinityPropagation and many more)



Compare 

options

Find

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

Is this the best approach? 

What if my competitor brings out a 

new product?

Can we save money by 

pricing different products 

better?

Can we attract more visitors to 

the website by changing its 

appearance?

Would it be a good idea to change 

to electrical cars?



Compare 

options

Find

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

Is this the best approach? 

• Scenario analysis

• Will likely involve combinations of 

classification, regression, feature selection 

and critical thinking



Should my heating system adjust the 

temperature?

Where on my website should I place this 

ad so that viewers are most likely to click 

it?

Where should we set up our new 

location?

What route should my delivery truck 

take?

Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

Can you predict what will 

happen?



Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions

• Reinforcement learning

Should my heating system adjust 

the temperature?



Compare 

options

Find 

relationships

Make 

predictions

Summarize & 

understand

Remember 

things

Make 

decisions



Not every problem is a 

nail.



Tools of the trade.Programming | R, 

Python

Data visualisation 

Storytelling

Databases | SQL, 

noSQL

Statistics

Data mining 

algorithms

Big data processing platforms | Spark, 

Hadoop



Great 

communication 

skills

Drive to keep 

learning

Analytical 

thinking

Open minded

Intellectual 

curiosity

Team playerA good data scientist







A data 

scientist is
A lot of things



A data 

scientist is

A master 

communicator

Understand the 

question



A data 

scientist is

Find the data

Understand the 

question

A hunter-gatherer



A data 

scientist is

Find the data

Store the data

Understand the 

question

A storage 

professional



A data 

scientist is

Find the data

Store the data

Clean the 

data

Understand the 

question

A daily cleaner



A data 

scientist is

Find the data

Store the data

Clean the 

data

Explore the 

data

Understand the 

question

An explorer at heart



A data 

scientist is

Find the data

Store the data

Clean the 

data

Explore the 

data

Analyze in 

depth

Understand the 

question

A diligent analyst



A data 

scientist is

Find the data

Store the data

Clean the 

data

Explore the 

data

Analyze in 

depth

Visualize the results

Understand the 

question

An artist



Find the data

Store the data

Clean the 

data

Explore the 

data

Analyze in 

depth

Visualize the results

Tell the story
Understand the 

question

A data 

scientist is
A motivator



A lot is expected from a 

data scientist

Find the data

Store the data

Clean the 

data

Explore the 

data

Analyze in 

depth

Visualize the results

Tell the story
Understand the 

question



Understand 

the question
Understand 

the question



Before we get 

our data science 

shoes on.



Table of Contents

❖ The Pyramid Principle

❖ Case in Point The Pyramid 

Principle

Case in Point



The value of seeing things 

in logical units is, of course, 

immense.



sugar

plate

kangaroo

gasoline

bicycle

elephant

toothpaste

Lake

Boot

Girl

Pencil

Palace

Railroad

Book

Being dissolved in a lake

Being shattered by a boot



v b a a a f n ad a n v s p n t o b i s



v a v p a o f i n ad b n a s a n t b s



That’s about the limit to the number of ideas 

you can comprehend at any one time.

22



He who seeks to learn what you think by 

reading what you have to say, faces a 

complex task.



Let’s make it a 

little easier.

The mind automatically sorts information into 
distinctive pyramidal groupings in order to 

comprehend it.

Any grouping of ideas is easier to 

comprehend if it arrives pre-sorted into its 

pyramid.

This suggests that every written document 

should be deliberately structured to form a 

pyramid of ideas.



Group, explain, 

repeat.

Shapes

Squares Circles

Black 

Squares

Blue 

Squares

Blue 

Circles

Black 

Circles

Group your ideas

Explain the groupings

Group & explain

Group & explain



Structure your logic from 

the

Down

Top



Your document should be 

structured like this

Paragraphs

Sentences

Document

Sections



Ideas at any level must always 

be summaries of the ideas 

grouped below them

Ideas in each grouping must 

always be the same kind of 

idea

Ideas in each grouping must 

always be logically ordered



Deductive reasoning

• Main disadvantage is that the 

conclusion is not clear from the 

beginning 

• Is bullet proof once the sub-

elements are generally accepted 

• More difficult to follow as a reader, 

therefore not in the top line(s) but 

more below in the pyramid



French tanks 

are at the 

Polish border

German 

tanks are at 

the Polish 
border

Russian tanks 

are at the 

Polish border

Inductive reasoning

Poland is about to be 

invaded

• Is very easy to follow 

since the conclusion is 

clear from the 

beginning 

• Is less strong as 

deductive reasoning 

but also more difficult 

to challenge 

• Recommended to be 

used in the top line(s)



A good introduction

Situation
Complicatio

n
Question Answer

“For years, we’ve 

operated in a 

sellers’ market.”

“But recent 

changes in 

technology and 
regulation are 

shifting the power 

balance towards 
the consumer.”

“What do we 

need to do to 

stay market 
leader in our 

industry?”

“We need to put 

full focus on 

customer 
experience.”

The main point at the 

top of your pyramid 

provides this answer, 

which will in turn raise 

new questions, which 

you will answer in the 

rest of your document 

or presentation.

This is where your 
pyramid starts.



The pyramid 

principle
1. Doing the work

2. Documenting your 

results

Gather 
information

Build your 
pyramid

Write an 
introduction

Structure your 
document top-

down

Situation

Complication

Question

Answer

1. Introduction | 
SCQA
2. Executive 
summary

3. Section 1

3.1 Paragraph 1

3.1.1 Sentence 1

3.1.2 Sentence 1

3.2 Paragraph 2

Make it a 

story



Answer

Situation

Complication

Question

Introduction

Your document should be structured like this



Situation Complication Question

Recognised or 
stable situation

Something went wrong What do we do?

Something could go 
wrong

How can we prevent it?

Something changed What should we do?

Something could change How should we react?

Here’s what you might 
expect 
to find in it

Do we find it?

Here’s someone with a 
different 
point of view

Who is right?

In this situation we have 
three alternatives

Which one should we 
take?



One example

With the strong yen creating an increasingly competitive environment and Washington achieving 

a conspicuous lack of success in trade negotiations, many executives in the United States and 

Europe have abandoned their search for new opportunities in the Japanese market. Frustration 
has set in as attempts to become "insiders" have proved futile. Some companies have shifted 

their attention to emerging markets like China and India. But by ignoring Japan, they are making 

a big mistake.

QuestionSituation Complication

Are they making a 
mistake?

US/EU companies 
frustrated with Japan

Have shifted attention to 
China/India

Answer

Yes.





Question

Situation

Complication

Answer

Why?

Market deterioration

US decline is worse 

than other countries 

(France and Germany)

Managers do not focus 

on long-term 

technological 

competitiveness



Table of Contents

❖ The Pyramid Principle

❖ Case in Point The Pyramid 

Principle

Case in Point



Who delivered fake 

booze?

We’ve had three deliveries of a special beer 

this week. One of the deliveries contained 
only fake beer.

All the boxes and all the beers look exactly 
alike and there is the same number of beers 

in each box.

The real beer bottles weigh 1 kg each, the 

fake bottles weigh 1.1 kg.

You are allowed to use a scale, but only 
once.



How many bottles of beer are 

sold 

in Belgium every year?



Should we acquire company 

X?

At what price point should we 

sell our new product?

How can we increase our 

profit?



Three types 

of case 

questions

Brain teasers

Back of the envelope

Business Case | 

Numbers case, Strategy & 

Operations



Listen to the 
question

Take notes

Summarize the 
question

Verify the objectives

Ask clarifying 

questions

Organise your 
answer

Hold that thought for ‘one alligator’

Manage your time

Work the numbers

Bring closure & summarize

The case 

commandments



Enter new market

Analyse an industry

M&A’s

Develop new 
product

Increase sales

Reduce costs

Improve the bottom line

Turnarounds

Business Operations & 

Strategy cases

Pricing strategies

Growth strategies

Starting new 
business

Competitive 
response

Operations Strategy



Entering a 

new market
e.g.: Your client 

manufactures hair products. 

It’s thinking about entering 
the sunscreen market. Is this a 

good idea?

1. Why do we want this? 
What’s our goal? Does this fit in our overall strategy?

4. If we enter, then how?
Start from scratch, acquire existing player, form joint 
venture

2. What’s the state of the current and future 
market? 
Size, growth rate, life cycle, customers, technology, 

competition3. Does it make good business sense to enter?
Competition, product differentiation, pricing, 
barriers to entry, risk

Current 

market
Size, growth rate, 

customer 

segmentation

Major players, 

market share, 

strengths and 
weaknesses

Product 

differentiation

Barriers to entry / 

Barriers to exit

Entering

If yes, 

how?

No

Start from 

scratch

Acquisition

Joint 

venture

Cost benefit 

analysis 

of each



Industry 

Analysis
e.g.: Our client is thinking of acquiring a 

diversified company that has holdings in 

three different industries. One of those 

industries is entertainment. Our client knows 

nothing about the entertainment industry 

and has asked us to do an analysis. What 

do we analyse?

1. Investigate the industry overall
Life cycle, growth last 1,2,5,10 years, major players, 
major changes lately?

3. What’s the future outlook for the industry?
Players coming in or leaving? M&A activity, Barriers 
to entry / exit

2. Look at the suppliers
Consistent? What’s going on in their industry? Will 
supply continue?

Current 
market

Suppliers

How many?

Product availability

What’s going on in their 

market

Future

Players entering or 

leaving?

Mergers & acquisitions

Barriers to entry / exit

Life cycle | Emerging, mature, 

declining

Drivers of industry | brand, size, 

technology

Performance | Growth, decline

Our position in industry

Major players & market share

Industry changes | New players, 

regulation, tech



Mergers & 

Acquisitions
Ben & Jerry’s is buying a mid-

size cream cheese 

manufacturer. Does this 
make sense? What should 

they be thinking about?

1. Why do we want this? 
Market access, diversify holdings, tax advantage, synergy, pre-

empt competition

4. Investigate exit strategies
How long to keep company? Break up & sell parts?

2. How much do we want to pay?
Fair price, how to pay, can we afford it, if bad economy, can 

we cover debts?

3. Research the company & the industry
Overall shape of company, industry overall, company 

position in industry, competitor reaction, legal reasons not to 

acquire?

Acquisition 
cost

Can we afford it?

Reintegration costs

What if economy sours

Due 
diligence  

& Risks

What shape is economy in?

How secure are 

markets/Customers

Industry overall / Technology risks

Competitive response expected

Exit 
strategy

Hold for how long?

Break it up & sell off the parts?

Objectives
Why buy

Taxes

Market access | Boost brand, market 

share

Diversify holdings

Pre-empt competition

Synergies | Cost savings, cultural 

integration, distr. channel

Fair price?



Core Questions

About the company About the market

• Profits and revenues for the last three

years

• Customer segmentations?

• Characteristics?

• Changing needs?

• Profitability by segment?

• Product mix?

• Costs / margins?

• Product differentiation?

• Market share?

• Production capabilities / capacity?

• Brand?

• Distribution channels?

• WCS (what constitutes success?

• Which metric is used?

• Market size, growth rate, and trends?

• Where is it in its lifecycle? (Emerging? 

Mature? Declining?)

• Industry drivers?

• Customer segmentation(s)?

• Margins?

• Industry changes

• M&A? New players?

• Changes in technology?

• Regulations?

• Distribution channels?

• Major players and market share?

• Product differentiation?

• Barriers to entry/exit?



Avoid using jargon.

“You suffer from 

Nasopharyngitis

.”



Data 

gathering
Find the 

data



It all starts with data

Data is not the goal

The Knowledge PyramidA little wisdom

Context

Meaning, structure

Specific purpose

Understanding, action, decision making

Data

Meaningful data

Information

Knowledge

Wisdom

A lot of data

But it is the start
Let’s focus today on where to get data



But where to look?



Table of Contents

❖ Open data

❖ Data gathering inside the

company

❖ Introduction to

webscraping



Open Movement



Open Movement
Open Collaboration

Any system of innovation or production that relies on goal-oriented yet loosely coordinated participants 

who interact to create a product (or service) of economic value, which they make available to 

contributors and noncontributors alike

❖ Peer 

production

❖ Wikinomics❖ Mass 

collaboration



Open Movement
Open Source



Open Movement
Open data

Open data is the idea that some data should be freely available to everyone to use and republish as they 

wish, 

without restrictions from copyright, patents or other mechanisms of control.

Established with the formation of the World Data 

Center in 1957-1958. 

The availability of fast, ubiquitous networking has 

significantly changed since publishing or 

obtaining data has become much less expensive 

and time consuming.

In science

Facilitate government transparency, 

accountability and public participation.

Opening up official information can support 

technological innovation and economic growth 

by enabling third parties to develop new kinds of 

digital applications and services.

In government



CO

N

PRO

Public money was used to fund the work 

and so it should be universally available.

It was created by or at a government 

institution

Facts cannot legally be copyrighted

In scientific research, the rate of discovery is 

accelerated by better access to data.

Government funding may not be used to duplicate 

or challenge the activities of the private sector

Governments have to be accountable for 

the efficient use of taxpayer's money: if 

data will bring commercial benefits to 

only small number of users, the user 

should reimburse the government

The revenue earned by publishing data 

permits non-profit organisations to fund 

other activities 

Open Movement
Open data



Open Movement
5-Star Open Data

Make your stuff available on the Web (whatever format) 

under an open license

Make it available as structured data

Make it available in a non-proprietary open format

Use URIs to denote things, so that people can point at your 

stuff

Link your data to other data to provide context

Tim Burners-Lee



The Open Data Movement



The Open Data Movement



Open data is everywhere

What’s going on in different countries around the 

world?

What about health-specific data?

What’s going on in Europe?

And how’s America doing?

https://data.worldbank.org/

http://apps.who.int/gho/data/node.home

http://open-data.europa.eu/en/data/

https://www.data.gov/



Open data is everywhere



Google public data



Google public data

Click here



Google public data

Get raw 

data here



Table of Contents

❖ Open data

❖ Data gathering inside

the company

❖ Introduction to

webscraping



Data gathering
Inside the company

Transactional Data

Transactional data can be financial, 
logistical or work-related, involving 

everything from a purchase order to 
shipping status to employee hours worked 

to insurance costs and claims.

Clickstream Data

On a Web site, clickstream analysis (also called 
clickstream analytics) is the process of 
collecting, analyzing and reporting aggregate 
data about which pages a website visitor visits --
and in what order. The path the visitor takes 
though a website is called the clickstream.

Video Analysis
Video is increasingly the data collection tool of 
choice for researchers interested in the multimodal 

character of social interaction.

Machine Data
Includes configurations, data from APIs, message 
queues, change events, the output of diagnostic 
commands, call detail records and sensor data 
from industrial systems, and more.

Social Media Analysis

Social media analysis is all about collecting the most 
valuable data and drawing actionable 
conclusions. Social media analysis will help you 
develop the most successful social media campaign.. 



Data Gathering inside the company
Social Media Analysis



Data Gathering inside the company
Social Media Analysis

02
Advertising

❖ Reveals how adverts are doing 

among different customer 

segments

01
Sentiment

❖ How people interact with your 

products. How they feel about 

your company. 

❖ Tools to keep track of negative 

or positive sentiment through 

text analysis

❖ How you can improve



Data Gathering inside the company
Facebook data using Power BI



Data Gathering inside the company
Social Media Analysis: Twitter

Full Data Gem 1 2 3 4 5 6 7 8 9 10 11

#Count 11000 766 491 1081 367 2333 12 342 4845 503 76 184

A_follower_

count
667685,4

1

180556,4

6

485083,6

1

328921,4

8

1095369,

42

357051,3

4

7321,7

5

9531213,

76

268122,5

0
1018596,44

1959,7

6

1663979,

75

A_following
_count

12698,15 12843,88 60423,06 24574,04 2855,44 6475,36
6102,5

8
20752,85 8594,02 2093,54 662,88 40988,45

A_mentions
_received 2610,31 563,68 910,98 85,07 2950,54 1335,16 6,88 54875,59 527,23 2776,89 3,71 4487,32

A_retweets_
received

1014,76 365,99 557,39 20,99 898,15 694,09 1,11 21094,56 78,46 1242,67 0,79 2266,80

A_mentions
_sent

6,06 14,32 29,56 2,70 36,36 4,86 2,32 3,93 0,87 11,23 0,82 12,01

A_retweets_
sent

1,11 1,28 1,19 0,47 8,96 1,22 0,45 0,81 0,21 4,76 0,25 1,38

A_posts 9,30 12,82 24,55 2,82 52,92 9,97 2,67 4,85 1,58 12,79 1,18 102,21

A_network_
feature_1 5261,35 1156,97 3177,21 281,79 8709,56 4003,07 25,58 90617,77 960,85 8665,20 14,37 14031,74

A_network_
feature_2 84,91 161,82 128,82 231,80 66,67 63,83 778,87 10,54 45,75 41,02 785,57 43,16

A_network_
feature_3 3746,20 5355,89 5384,93 12633,44 2973,32 2975,94

60433,

89
1654,05 1884,48 1862,23

12053,

81
2699,70



Data Gathering inside the company
Social Media Analysis: Twitter



Data Gathering inside the company
Social Media Analysis: Twitter

1. Twitter account aanmaken (met telefoonnr)
2. Create a Twitter application here – https://apps.twitter.com/

On the Permissions tab, set Read only.

3. In Power BI, go to File > Options & Settings > Options > Privacy 
“Ignore the Privacy levels and potentially improve performance”.

4. Copy the code into the Power Query Advanced Editor

1. Edit queries > New Source > Blank query > Advanced
5. Enter the Consumer Key and Consumer Secret from your Twitter application on 

line 13.

6. Enter your query on line 28, kies een zoekterm
7. Maak de zoekterm parameteriseerbaar

1. “&SearchParameters&”&count=100”

https://apps.twitter.com/


Data Gathering inside the company
Clickstream data



Data Gathering inside the company
Clickstream data



Data Gathering inside the company
Clickstream data

Log Files
Initially, click path data had to be gleaned from server log files.

Javascript Cookies
Tracking Cookies to generate a series of signals from browsers. 



Data Gathering inside the company
Clickstream data

The analysis of web activities can be used 

to generate multiple valuable insights to the 

company. See later.

Web activity Analytics

Broad market research is possible like 

e.g. “Does my product reach its focus 

groups”, “Which product is more 

popular?”, “What’s the impact of our 

adds on the web-traffic” etc.

Market Research

Helps to identify test case scenarios by 

analyzing user behavior.

Software Testing

Keep track of employee activity. E.g. “How 

many clicks are needed on average to 

solve a case/to place an order/etc.”

Employee Productivity



Data Gathering inside the company
Clickstream data

The analysis of web activities can be used 

to generate multiple valuable insights to 

the company. See later.

Web activity Analytics

Usage Patterns

To reveal usage patterns, which in 

turn gives a heightened 

understanding of customer behavior.

This use of the analysis creates a user

profile that aids in understanding the 

types of people that visit a 

company’s website.

User History

To allow the user to see where they 

have been and allow them to easily 

return to a page they have already 

visited.

Customer Satisfaction

To improve customer satisfaction with 

the website and with the company 

itself. This can generate a business 

advantage, and be used to assess the 

effectiveness of advertising on a web 

page or site.



Data Gathering inside the company
Clickstream data: Google Analytics



Data Gathering inside the company
Machine Data

Created on defined 

point in time

❖ Historical data

❖ Not prone to be updated 

or modified

❖ Makes the data highly 

reliable

Can be used to

❖ Reveal fraud 

❖ Improve customer service

❖ Raise 

manufacturing productivity

Data explosion

❖ Data will grow by 650% over 

the following five years

❖ Most of it; byproduct of 

machine-generated data

❖ Use of CrateDB

Lifeblood of IoT

Automatically generated

❖ No active intervention 

of a human

❖ Exclude all data 

manually entered by a 

person.

https://youtu.be/3YEE3RfXVVA


Sensor Data
Vibration, temperature, 

pressure, sound volume, 

power levels, acceleration, 

telemetry.

Log Data
Audit log data generated 

by databases, file systems, 

applications, web servers.

Network Data
Call detail records (CDRs), 

network events, packets, and 

network data.

Internet of 

Things

New IoT solutions are 

developed by collecting 

GPS readings, biometrics, 

meter readings, and device 

state.

Data Gathering inside the company
Machine Data: where does it come from?



Data Gathering inside the company
Transactional Data

A transaction, in this context, is a sequence of information exchange and 
related work (such as database updating) that is treated as a unit for the 

purposes of satisfying a request.



Work
Plans

Employee hours worked

Insurance costs

Logistics
Deliveries

Storage records

Travel records

Customer engagement
Knowledge of how, where and when 

customers interact with your channel

Service availability 
Optimizing service availability

Office profitability
Increase office profitability by performing 

customer analytics

Types

Use

Financial
Orders

Invoices

Payments

Data Gathering inside the company
Transactional Data
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An introduction to web scraping

Web scraping is a technique employed to 

extract information from websites and store this 
information in a structured format. 

What’s the alternative?

Automatically.Sort of



Web scraping techniques
How can we collect information 

from websites? 

Human copy-paste
Very slow, but sometimes the only 

option

HTML parsers
Based on programs 

called wrappers.

HTTP programming

Based on posting HTTP requests

to the remote web server 
using socket programming

DOM parsing

The Document Object Model is an 

official recommendation of the World 
Wide Web Consortium (W3C) for XML 

documents

Semantic annotation 

recognition
Based on using metadata and 

semantic markups and annotations 
when scraping websites

Vertical aggregation 

platforms
These platforms are meant to 

create and monitor bots that are 
meant for specific verticals. Used to 

limit the amount of useless data, by 

‘targeted’ scraping

Web scraping software

Removes the need to dive into the 

code or write web-scraping code 
yourself.

Text grepping and regular 

expression matching
Simple, yet powerful. Based on UNIX 

grep command or expression-
matching facilities of programming 

languages

Computer vision web-page 

analysers
Attempts are made to make 

computers identify and extract 
information from web pages as a 

human might.

There are a lot of options We will take a closer look at one

Import.io | Webscraper.io | Content Grabber | Fminer | Octoparse | Botscraper

| Scrapy | Webhose.io | Cloudscrape | Scrapinghub | Parsehub | VisualScraper
| Spinn3r | 80legs | Kimono Labs | Outwit Hub | ScraperWiki | …

Web scraping software



Web scraping example



Web scraping 
case



Databases
Store the 

data
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How was information organised before databases?

Why How
Wha

t

Databases



Situation before databases

Paper files File cabinets

Excel Word Notepad

Why How
Wha

t

Databases



The need for databases
Company size

Simple tools suffice for small 

companies’ data 
management…

…but as they grow, the amount of data outgrows 

these tools and new ways of obtaining insight from 
data are needed.

Why How
Wha

t

Databases



The need for databases
Geography

Many enterprises are active across 

borders and time zones and have 
access to an incredible amount of 

data 

Why How
Wha

t

Databases



The need for databases
Product range

Keeping track of 

one product can 
be a challenge..

What does this 

mean if you have 
hundreds of 

products?

Why How
Wha

t

Databases



Possible solutions?

The structure of the files is baked into every application

The same logic is programmed in every new application

Follow a standard way of working – DBMS + SQL

Solutions

Why How
Wha

t

Databases
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What is a database?

A database is basically a 

collection of information 

organized in such a way 
that a 

computer program can 

quickly select desired 

pieces of data.

The word database is often 

abbreviated as DB.

Traditional databases are 

organized by tables, 

fields, records, and files. 

ID Name Address

ID Order Price

Table

Field

Record

File



Could we call this a database?

Contract customer YAccounting

Team picture

Courses

Why HowWhat

Databases



Databases, one giant leap for applications

• IBM, 1968

• Information Management 
System

• Apollo program

• Large bill-of-materials (BOM) 
for the Saturn V rocket

• Still available

Why HowWhat

Databases



Different ways of designing a database 

Saturn 
V

Rocket

Fuel 
tank

Engine

Passengers 
clausule

Hierarchical 

databases

Network 

databases

Relational 

databases

Non-relational 

databases

1968 1971 1980 2007

Why HowWhat

Databases



So what’s in there?
Databasesystem - Components

data

DBMS

software

hardware

users

Why HowWhat

Databases



Databasesystem
Data

RECORDTYPE Schilderij (ID:CHAR(3); Naam:CHAR(30); Artiest:CHAR(30); 
Periode:INTEGER; Waarde:REAL; Eigenaar:CHAR(30))

RECORDTYPE Artiest (Naam:CHAR(30); Voornaam:CHAR(20);
Geboren:INTEGER; Gestorven:INTEGER)

RECORDTYPE Eigenaar (Naam:CHAR(30); Plaats:CHAR(20); Land:CHAR(20))

ID Naam Artiest Periode Waarde Eigenaar

S01 Vissershuis Monet 1882 Boijmans16.000.000

S02 De balletles Degas 1872 Louvre8.500.000

S03 Mona Lisa Da Vinci 1499 Louvre75.000.000

S04 Namiddag te Oostende Ensor 1881 KMSK200.000

Naam Voornaam Geboren

Da Vinci Leonardo 1452

Degas Edgar 1834

Ensor James 1860

Monet Claude 1840

Gestorven

1519

1917

1949

1926

Naam Plaats Land

Boijmans Rotterdam Nederland

Louvre Parijs Frankrijk

KMSK Antwerpen België

• Files

• Recordtype

• Record

• Integrated whole

Why HowWhat

Databases

• Operating systems can’t handle 

complex relations 



Databasesystem
Software

01
DBMS
A Database Management System is a 

collection of software that allows us to

define, manipulate and control a 

database

05
Datawarehousing
Big database used for reporting and 

data analysis, structured according to 

multiple dimensions

02
Application Software
Application software enables 

communication with the DBMS so that 

the user can indirectly interact with the 

database

06
Sofware for data-
analyticsStatistical processing and advanced 

data-analytics used for datamining

03
Tools
Used to facilitate and automate tasks 

executed in database management like 

Back-ups

07
Report generators
Automatic reporting about complex 

issues or performance

04
Communication

SoftwareCorrect and safe transportation of data 

and instructions over the network

Why HowWhat

Databases



Databasesystem
Users

Often high-management, responsible for 
the data: which data, which format, 
what kind of database etc.

Data-administrator

Technical profile, responsible for 
implementation and maintenance of 
database

Database-administrator

Responsible for the development of the 
application software 

Application Developer

1. Regular end-user
2. Advanced end-user

End-user

Why HowWhat

Databases



How is data stored using database software?

XML

DBMS

SQL

Why HowWhat

Databases



DBMS - Database Management System

Database DBMS Applications

SAP Applications over 

corporate network

eCommerce

Applications on web 

server

Web portal with reporting 

applications

XML Web Services 

Applications

UsersSQL

A database management system is a collection of software that allows us to define, manipulate and control 

a database

Is this allowed?

Why HowWhat

Databases



Database Management System
Main goals

Database definition
Define database structure and semantic rules to ensure data integrity. 

Database manipulation
DMBS can be equipped with a database manipulation language in order to 

create, read, update or delete any data in the database. 

Database construction
The management of the physical storage of the data is controlled by the DBMS. 
It has to make sure that the data is stored efficiently in a way that the users do 
not need to worry about the physical storage details.

Why HowWhat

Databases



Database Management System
Other functionalities

Why HowWhat

Databases

DBMS must protect its data against 
unauthorized usage and against 
physical failure of the database 
system

Data security

Ability to share and access the same 
data at the same time. Avoid access 
conflicts
e.g. two customers booking the same 
seat

Data Sharing
DBMS must be capable to manage 
large amounts of data and to assure 
its users acceptable access times

Optimizing 

performance

Facilitate system administration & 
system monitoring. 

Eg. Monitoring and analyzing 
performance indicators, managing of 
user profiles, back-up, log files, 
maintenance etc.

Administration & 

monitoring



Database Management System
Architecture – Three layer model

Why HowWhat

Databases

DBMS

…

External Layer

Logical layer

Internal layer

10110…

00101…
10101…

00100…01010…

10011…

View 1 View 2 View 3

O1

O2

O3

Physical Storage



Database Management System
Three layer model – Internal layer

Description of database 

records
Fixed length

Variable length

File- header

Index

Storage Layer

Layer closest to the physical storage of the data.Internal layer

10110…

00101…
10101…

00100…01010…

10011…

O1

O2

O3

Physical Storage



Database Management System
Three layer model – Internal layer

PREFIX

Naam Voornaam

Geboren

Gestorven

Records with fixed length

1 5737 617

A0 1 D e g as E d ga r 1 8 3 4 19 1 7

Records with variable length

V0=A01 V1=Degas V2=Edgar V3=Lezen Reizen V5=1917

V0=PREFIX

V1=Naam

V2=Voornaam

V3=Hobby

V4=Geboren

V5=Gestorven

= Einde_veld

= Einde_waarde

= Einde_record

RECORDTYPE Artiest 

(Naam:VARCHAR; 

Voornaam:VARCHAR; 

Hobby:SET(VARCHAR);

OPTIONAL Geboren:INTEGER; 

OPTIONAL Gestorven:INTEGER)

STORED_Artiest BYTES=64;

PREFIX BYTES=6,OFFSET=0

Naam BYTES=30,OFFSET=6,INDEX=Artiest_Naam

Voornaam BYTES=20,OFFSET=36

Geboren BYTES=4,OFFSET=56

Gestorven BYTES=4,OFFSET=60



Database Management System
Three layer model – Logical layer

Abstract description
Entities

Relationship between 

entities

Integrity constraints

Common Layer
This layer follows the prescriptions of the database 

model and results in the database schema

Logical layer



Database Management System
Three layer model – External layer

Requesting the 

database

Individual Layer
Layer closest to the end-users. 

Views are defined here.

Using a DDL, Data Definition Language

E.g. SQL

…

External Layer

View 1 View 2 View 3



Database Management System
Mappings

❖ ‘External/logical’ mappings

DBMS

…

External Layer

Logical layer

Internal layer

View 1 View 2 View 3

O1

O2

O3

❖ ‘Logical/Internal



DBMS - Examples

DBMS

Why HowWhat

Databases
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DBMS Architecture
Mainframe database computing

Mainframe

computer Database



DBMS Architecture
PC/fileserver database computing

File 

Server Database

PC

PC



DBMS Architecture
Client/server database computing

Database-

server Database

PC

PC
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What is 

a database?

5 types of 
databases 

we will 
discuss 

today

Hierarchical databases

Network databases

Relational databases

NoSQL databases

Object Oriented databases



5 types of 

databases

Hierarchical databases

A hierarchical database model is a data model in which the data is 

organized into a tree-like structure and where records are connected 

to each other through links.

root Level 1

Level 2

Level 3

Level 4Le
af



5 types of 

databases

RECORDTYPE Schilderij (ID:CHAR(3); Naam:CHAR(30); Artiest:CHAR(30); 
Periode:INTEGER; Waarde:REAL; Eigenaar:CHAR(30))

ID Naam Artiest Periode Waarde Eigenaar

S01 Vissershuis Monet 1882 Boijmans16.000.000

S02 De balletles Degas 1872 Louvre8.500.000

S03 Mona Lisa Da Vinci 1499 Louvre75.000.000

S04 Namiddag te Oostende Ensor 1881 KMSK200.000

• Recordtype

• Record

• Relationship type: 1:N

Hierarchical database
Building blocks



5 types of 

databases

Hierarchical database

Graphical presentation

department

dnr dnaam dlocatie

werknemer

wnr wnaam adres geslacht geboort

edatum

project

pnr pnaam pduur



Hierarchical database
Graphical presentation

page

0160

Database scheme “Schilderijen”

ID Name Artist  Period Value     Owner

Schilderij

Name Surname Born          Died

Artiest

Name                Place Country

Eigenaar

r1

r2

r3

5 types of 

databases

Database “Schilderijen”

Da 

Vinci

r1

S03
r2

Boijmans

Louvre
r3

KMSK
r3

Degas
r1

S02

r2

S05

r2

S04
r2

S06
r2

S07
r2

Ensor
r1

Monet
r1

S01
r2

r3

Virtual relation 

(child -> 

parent)



Hierarchical database
Internal storage

page

0161

5 types of 

databases

r1 Da Vinci

r2 S03

r1 Degas

r2 S02

r2 S05

r1 Ensor

r2 S04

r2 S06

r2 S07

r1 Monet

r2 S01

r3 Boijmans r3 Louvre r3 KMSK

• Proximity principle

• Databasemanipulation

• Hostlanguage

$GET FIRST Schilderij WHERE Artiest=‘Ensor’;

WHILE db_status=0 DO

BEGIN

writeln(p_Schilderij.Naam);

$GET NEXT Schilderij WHERE Artiest=‘Ensor’

END;



Hierarchical database
Pros & Cons

page

0162

5 types of 

databases

Advantages Disadvantages

Easy to understand Difficult to access values at lower level

Performance: fast & efficient

This model may not be flexible to 
accomodate the dynamic needs of an 

organisation

Manages large amounts of data
Deletion of parent node result in 
deletion of child node forcefully

Extra space is required for the storage 
of pointers



Network databases

5 types of 

databases

A network database is a type of database model wherein multiple 

member records or files can be linked to multiple owner files and vice 

versa. The model can be viewed as an upside-down tree where each 
member information is the branch linked to the owner, which is the 

bottom of the tree.



5 types of 

databases

Network Database
Building blocks

• Recordtype

• Record

• Relationship type: 1:N

• Arrow pointing to the N-side

• Entry-points

departement

dnr dnaam dlocatie

werknemer

wnr wnaam adres geslacht geboorte
datum

project

pnr pnaam pduur



5 types of 

databases

Network Database
Graphical presentation

Databaseschema “Schilderijen” (multiple entrypoints)

ID Naam Artiest Periode Waarde Eigenaar

Schilderij

Naam   Voornaam   Geboren   Gestorven

Artiest

Naam                Plaats           Land

Eigenaar

r1

r2

r3



5 types of 

databases

Network Database
Graphical presentation

Database “Schilderijen”

Da 

Vinci

r1

S03
r2

Boijmans
r3

Louvre
r3

KMSK
r3

Degas
r1

S02
r2

S05

r2
S04

r2
S06

r2
S07

r2

Ensor
r1

Monet
r1

S01
r2

Entry 1

system

Entry 2

system



Network databases
Pros & Cons

Advantages Disadvantages
Multi-parent support

Much more complex than the 

hierarchical date model.
Deals with even larger amounts 

of information than the 

hierarchical model.

Users are still required to know the 

physical representation of the 

database

Promotes data integrity.
Information can be related in 

various and complicated ways.

Lack structural independence.

5 types of 

databases



Relational databases

5 types of 

databases

A relational database is a collection of data items organized as a set of 

formally-described tables from which data can be accessed or 

reassembled in many different ways without having to reorganize the 
database tables. Such a database is structured to recognize relations 

between stored items of information.



5 types of 

databases

Relational database
Building blocks

❖ Row Tuple or record Data set representing a single 

item

❖ Colum

n
Attribute or field A labeled element of a tuple, e.g. 

"Address" or "Date of birth"

❖ Table Relation A set of tuples sharing the same attributes; a set of columns 

and rows



5 types of 

databases

Relational database
Keys

❖ Candidate

Key:

❖ Foreign Key

1. Uniqueness: for each row, the combination of 

values for each column of the candidate key is 

unique
2. Irreducibility: it is not possible to leave out any of 

the columns of the candidate key without 

jeopardizing the uniqueness aspect
The foreign key can be used to cross-reference tables.



5 types of 

databases

Relational database
Graphical presentation & Keys

Tabel Schilderij           kandidaatsleutel = {S_ID}    vreemde sleutels = {Artiest} en {Eigenaar}

S_ID:

char(3)

Naam:

varchar

Artiest:

char(3)

Periode:

integer
Waarde:

real

Eigenaar:

varchar

S01 Vissershuis A04 1882 Boijmans16.000.000

S02 De balletles A02 1872 Louvre8.500.000

S03 Mona Lisa A01 1499 Louvre75.000.000

S04 Namiddag te OostendeA03 1881 KMSK200.000

Tabel Artiest                kandidaatsleutel = {A_ID}

Naam:

varchar

Voornaam:

varchar

Geboren:

integer

Da Vinci Leonardo 1452

Degas Edgar 1834

Ensor James 1860

Monet Claude 1840

Gestorven:

integer

1519

1917

1949

1926

A_ID:

char(3)

A01

A02

A03

A04

Tabel Eigenaar          kandidaatsleutel = 

{Naam}
Naam

:

varch

ar

Plaats

:

varch

ar

Land:

varch

ar
Boijman

s

Rotterda

m

Nederlan

dLouvre Parijs Frankrij

kKMSK Antwerp

en

België



Relational databases

5 types of 

databases

A relational database is a collection of data items organized as a set of 

formally-described tables from which data can be accessed or 

reassembled in many different ways without having to reorganize the 
database tables. Such a database is structured to recognize relations 

between stored items of information.

Advantages Disadvantages

Ease of use Performance

Data independence

Use of SQL language 



NoSQL databases

5 types of 

databases

A non-relational database is any database that does not follow the 

relational model provided by traditional relational database 

management systems. Such databases are designed to handle 
unstructured data that doesn't fit neatly into rows and columns.



5 types of 

databases

NoSQL
Origins

RDBMS

Simplicity

Robustness

Compatibility

Data independence

❖ Main concern: Scalability

❑ Scale-up: on single server

❑ Scale-out: distribute load across multiple servers



5 types of 

databases

NoSQL
Motivations

01
Simplicity of design
Not having to deal with the 

“impedance mismatch” 04
Capture all Big Data
Capturing easily all kinds of big 

data. Databases being able 

to quickly accommodate any 

new type of data

02
Better “horizontal” scaling
Clusters of machines, solving 

problems with high numbers of 

concurrent users. NoSQL databases 

automatically spread data across 

servers.

05
Speed
Not having to join tables thanks 

to the data structures used by 

NoSQL 

(like JSON documents)

03
Control over availability
Servers can be added or 

removed without application 

downtime.

06
Cost
Clustering cheap commodity 

servers instead of expensive 

proprietary servers and 

storage systems (DBMS) & 

Open source



NoSQL
.JSON example

{ "Bierlijst": [ 

{ "name": "'n Toeback 33cl", 

"url": "https://www.belgianbeerz.com/collections/amber/products/n-toeback-33cl", 

"Price": "€2.89", 

"Available": "In Stock", 

"Description": "’n Toeback is an unfiltered high-fermentation amber beer with an alcohol content of 9.5%. It was originally 

launched under the name ‘Straffe Toeback’ in 2009, which was later changed to ‘n Toeback. It is presented as some kind of magic drink, 

after one Toeback, you should be able to carry an entire cathedral tower." 

}, 

{ "name": "3 Fonteinen Oude Geuze 37.5cl", 

"url": "https://www.belgianbeerz.com/collections/amber/products/3-fonteinen-oude-geuze-37-5cl", 

"Price": "€9.29", 

"Available": "Out of Stock", 

"Description": "3 Fonteinen Oude Geuze is an entirely natural, sour gueuze beer that is made by assembling lambic beer of 1, 2 

and 3 years old that has ripened in oaken barrels. It is generally considered to be one Belgium’s best gueuze beers and it can be kept in a 

cool, dark place for up to 10 years after the bottling date. Its flavor will evolve and become more complex. It has an alcohol content of 

6.0%.\nServing temperature: 4-8°C\nAdditional information:\nBrewery 3 Fonteinen in Beersel is one of Belgium best known brewers of 

authentic lambic beer. In 2009, the brewery almost had to stop their activities after a fire destroyed most of their infrastructure, but in March 

2013 a new brewing installation was inaugurated and now they are brewing again just like before.\nBesides this gueuze beer, they also make 

their famous 3 Fonteinen Oude Kriek, a sour cherry beer based on the same lambic beer that is used to blend this gueuze. This small brewery, 

with its shop and terrace is a popular stop for beer tourists who travel through Belgium." 

}

]}



5 types of 

databases

NoSQL
Remarks

01
Lack of standardized 

interface

• The use of low-level query 

languages

• The lack of standardized 

interfaces

• Huge investments in existing SQL

RDBMS’s are usually much simpler 

to use as they have GUI’s where 

many NoSQL solution use a 

command-line interface.

02
Enforcing business 

logic

The responsibility over business 

logic and rules falls solely on the 

application logic.

In RDBMS, there is an built-in and 

foolproof method of ensuring 

and enforcing business logic 

and rules at the database layer



Object Oriented Databases

5 types of 

databases

An object oriented database is a database management system in 

which information is represented in the form of objects as used 

in object-oriented programming. 



5 types of 

databases

Object Oriented database
Origins

Management of complex 

objects

By specifying data in the same way in both the

programming language as in the databasemodel, it is 

possible to seamlessly exchange this data between the

application sofware and the database itself. 



5 types of 

databases

Object Oriented database
Objects

Box

-Volume: int

-Material: string

+FillBox()

+EmptyBox()

A class contains attributes A class contains 

operations

Box

-Volume

-Material

+FillBox()

+EmptyBox()

Structure Behaviour



5 types of 

databases

Object Oriented database
Components

Artwork Owner

Painting Artiest

owns

Owned by

Painted by

Painted

class Capture structure and behaviour

Inheritance

Binary relationships

Single relationship

ODMG-

databasemodel



5 types of 

databases

Object Oriented database
Downfall

❖ Great diversity in object oriented datamodels & programming

languages➢Lack of ambiguity in the object oriented programming

paradigm

➢No single definition and interpretation for the concept of an

Object

➢Great variety in OODB

No standardized or commercialized version of THE Object 

Oriented Database Model…



Thank you!

See you in part 2!

184Type here the title of the presentation


