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The cycle of innovation

3© Jan Bosch



Motivation

4© Jan Bosch



Outline

 Data management

 Data modelling

▪ Entity relationship diagram (ERD)

 Relational database design

▪ Normalization
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Data
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 Information converted into binary digital form

▪ information that has been translated into a form that is efficient 

for movement and processing

 It can be created, processed, saved, and stored digitally

▪ This allows data to be transferred 

from one computer to another

 Digital information (i.e. data) 

in comparison to analog information

does not deteriorate over time or 

lose quality after being used 

multiple times

         

            

             

           

              

          

         

       

        

 
https://upload.wikimedia.org/wikipedia/commons

/thumb/6/6d/Data_types_-_en.svg/300px-

Data_types_-_en.svg.png



Big data
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 A collection of data that is huge in size or growing exponentially 

with time

 I ’  d             m     b                       d        database and 

software tools

 Characteristics – 5 V’ :

▪ Volume – size of the data is enormous

▪ Variety – various sources and 

format of data

▪ Variability – data can be inconsistent 

and unpredictable

▪ Velocity – data is generated very fast

▪ Veracity – data is validated and verified

https://img.techentice.com/media/

2019/04/5_V_Big_data-1.png



Big data
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https://data-flair.training/blogs/wp-content/uploads/sites/2/2019/12/top-big-data-applications-2-1280x720.jpg



Database
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 An organised collection of data

 Supports access, storage and manipulation of data

 Typically as rows and columns in a table

 Most used language is SQL (Structured Query Language)

 Controlled by database management system (DBMS)



Database
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https://asesoftware.com/site/wp-content/uploads/2019/06/asesoftware-sql-nosql.png



Relational database
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 Stores data as a series of two-dimensional tables with rows and 

columns with pre-defined relationships between data

 Relationship between tables and field types is called a schema. The 

schema must be clearly defined before any information can be 

added

 Each table has its own columns, and every row in a table has the 

same set of columns and a unique ID called the key

 For querying uses structured query language (SQL)



Relational database
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 Used in:

▪ Transaction-oriented systems

▪ Accounting software

▪ Management tools

 Examples include:

▪ PostgreSQL

▪ MySQL

https://assets-global.website-

files.com/5debb9b4f88fbc3f702d579e/5e3c1a71724a38245aa43b02_99bf70d46cc247be878de9d3a88f0c4

4.png



NoSQL databases
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https://cdn.app.compendium.com/uploads/user/e7c690e8-6ff9-102a-ac6d-e4aebca50425/f4a5b21d-66fa-4885-92bf-

c4e81c06d916/Image/b64beeec82803ee769516c731c52762e/2bigdata04.jpg



Key-value database
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 Nonrelational database that uses a key-value method to store data

 Stores data as a collection of key-value pairs in which a key serves 

as a unique identifier

 A data structure more commonly known today as a dictionary or 

hash table

      ’    v    q             ;       v d       m    w           , 

query and update data using get, put and delete commands – not 

optimized for querying by value



Key-value database
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 Used in:

▪ Shopping cart

in e-shops

▪ Caching

▪ Multi-player games

 Examples include:

▪ Redis

▪ Apache Cassandra

▪ Amazon Dynamo DB

▪ Microsoft Azure Cosmos DB

https://www.michalbialecki.com/wp-content/uploads/2018/03/cosmos-db-

key-value-schema.png



Column-family database
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 Nonrelational database that stores data into rows and columns, 

conceptually similar to a relational database

 Columns are divided into groups known as column families. Each 

column family holds a set of columns that are logically related 

together and are typically retrieved or manipulated as a unit

 Suited for storing enormous, structured, volatile data because each 

row is not required to have the same columns



Column-family database
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 Used in:

▪ Internet of Things

▪ Security analytics

▪ Stock market

▪ Bioinformatics

 Examples include

▪ HBase

▪ Apache

Cassandra

https://docs.microsoft.com/en-us/azure/architecture/guide/technology-

choices/images/column-family.png



Document database
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 Nonrelational database that stores a collection of named fields and 

data (known as documents)

 Stored data can be encoded in different formats, e.g. XML, YAML, 

JSON, plain text

 Does not require that all documents have the same structure –

provides flexibility for storing different data

 Allows querying and filtering documents by value of one or more 

fields and in-place modifying values without rewriting the whole

document



Document database
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 Used in:

▪ User profiles

▪ Real-time big data

▪ Content management

 Examples include

▪ MongoDB

▪ Google Cloud Firestore

▪ Microsoft Azure Cosmos DB

https://lennilobel.files.wordpr

ess.com/2015/07/i4.png



Graph database
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 Nonrelational database that stores two types of information, nodes 

and edges

 Nodes typically store information about people, places, and things 

while edges store information about the relationships between the 

nodes

 The relationships allow data in the database to be linked together 

directly and retrieved with one operation

 Provides a query language that can be used to traverse a network of 

relationships efficiently



Graph database
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 Used in:

▪ Social networks

▪ Fraud detection

▪ Recommendation 

engines

 Examples include:

▪ Neo4j

▪ Amazon Neptune

▪ Apache Giraph

https://docs.microsoft.com/en-us/azure/architecture/guide/technology-

choices/images/graph.png



Data management
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 Administrative process that includes acquiring, validating, storing, 

protecting, and processing required data to ensure the 

accessibility, reliability, and timeliness of the data for its users

 Encompasses the entire lifecycle of a data asset, from the very 

initial creation of the data to the final retirement of the data

 Some companies are good at collecting data, but they are not 

managing it well enough to turn raw data into value



Data governance
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 A set of principles and practices 

that ensure high quality through 

the complete lifecycle of the data 

 Includes the people, processes 

and technologies needed to 

m        d               m    ’  

data assets in order to guarantee 

generally understandable, 

correct, complete, trustworthy, 

secure and discoverable 

corporate data

 Most relevant in large enterprises

to ensure security, compliance and 

improve business performance



Key goals of data governance
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 Minimize risks

 Establish internal rules for data use

 Implement compliance requirements

 Improve internal and external 

communication

 Increase the value of data

 Facilitate the administration 

of the above

 Reduce costs

 Help to ensure the continued 

existence of the company through risk 

management and optimization

https://bi-survey.com/wp-

content/uploads/2017/11/Data-Governance-

topics.png



Data Lifecycle
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 A high-level overview of the stages involved in successful 

management and preservation of data for use and reuse

 Data Capture / Creation

 Data Maintenance

 Data Usage

 Data Publication

 Data Archiving

 Data Purging / Destruction
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Data modelling

Lecture 5/Part 2

27© Bühnová, Sochor, Ráček 



Data modeling

 Defines static data structure, relationships and attributes

 Complementary to the behavior model in structured 

analysis; models information not covered by DFDs

 More stable and essential information comparing to DFD

 Entity-Relationship modeling

▪ Identify system entities – both abstract (lecture) and concrete 

(student)

▪ For each entity examine – the purpose of the entity, its 

constituents (attributes) and relationships among entities

▪ Check model consistency and include data details

28© Bühnová, Sochor, Ráček 



Entity Relationship Diagram (ERD)

 Entities and their types

 Relationships and their types

 Attributes and their domains

Not a UML diagram!

29© Bühnová, Sochor, Ráček 

Chen's notation

(concept level description)

Teacher Lecturegives

date

length

place

name contact name

1

(1,1)

N 

(0,8)

Teacher Lecture

(0,8)
name

contact

name

date

length

place

(1,1)

Crow’s Foot notation

(implementation level descript.)

gives



Entities and Entity types

 An Entity is anything about which we want to store data

▪ Identifiable – entities can be distinguished by their identity

▪ Needed – has significant role in the designed system

▪ Described by attributes shared by all entities of the same type

 An Entity set is a set of entities of the same Entity type.

30

Entity Entity type

You Student

Your neighbor Student

Me Teacher

This PB007 lecture Lecture

Student

Lecture

Teacher

© Bühnová, Sochor, Ráček 



Relationships and Relationship types

 Entities take part in Relationships (among possibly 

more than two entities), that can often be identified from 

verbs or verb phrases.

▪ You are attending this PB007 lecture.

▪ I am giving this PB007 lecture.

 A Relationship set is a set of relationships of the same 

Relationship type.

▪ A student attends a lecture.

▪ A teacher gives a lecture.

31

Student

Lecture

attends

gives

Teacher
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Attributes and Attribute domains

 An Attribute is a fact, aspect, property, or detail about 

either an entity type or a relationship type.

▪ E.g. a lecture might have attributes: time, date, length, place.

 An Attribute type is a type domain of the attribute. If the 

domain is complex (domain of an attribute address), the 

attribute may be an entity type instead.

32

Lecture

time date length
place

© Bühnová, Sochor, Ráček 

givesTeacher



Attributes or entities?

 To decide whether a concept be modeled as an attribute 

or an entity type:

▪ Do we wish to store any information about this concept (other 

than an identifying name)?

▪ Is it single-valued?

▪ E.g.  objectives of a course – are they more than one? If just 

one, how complex information do we want to store about it?

 General guidelines:

▪ Entities can have attributes but attributes have no smaller parts.

▪ Entities can have relationships between them, but an attribute 

belongs to a single entity.

33© Bühnová, Sochor, Ráček 



Relationship-type degree

34

Every manager leads exactly one department.

Every department is led by exactly one manager.

Every edition plan contains one or more book titles.

Every book title is part of exactly one edition plan.

Every producer produces one or more products.

Every product is produced by one or more producers.

© Bühnová, Sochor, Ráček 

Manager leads Department
11

Edition plan contains Book title
N1

Producer produces Product
NM



Relationship-type degree

35

Mandatory relationship

Optional relationship

Recursive relationship

© Bühnová, Sochor, Ráček 

Painter drew Painting
N1

Employee works on Project
N

(0,N)

M

(0,M)

Module consists of
1

N



Cardinality ratio

 Cardinality ratio of a relationship type describes the 

number of entities that can participate in the relationship.

 One to one  1:1

▪ Each lecturer has a unique office.

 One to many  1:N

▪ A lecturer may tutor many students, but each student has just 

one tutor.

 Many to many  M:N

▪ Each student takes several modules, and each module is taken 

by several students.
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More relationships between two entities

 Relationship offers has attributes: 

▪ payment conditions, due date.

 Relationship delivered has attributes: 

▪ delivery note details.

37© Bühnová, Sochor, Ráček 

Product

offers

Supplier

NM

delivered NM



Relationships among more than two entities
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Seller negotiate

price
Agent

11

B    ’    w   
negotiate 

conditions       ’    w   
NM

Buyer

1

1



Removal of unneeded (redundant) entities

39

The Spouse entity is better suited

as Employee’       b   .

© Bühnová, Sochor, Ráček 

Employee

married

Spouse

1

1

Employee

spouse



Relational Database Design

Lecture 5/Part 3

40© Bühnová, Sochor, Ráček 



Crow's Foot notation
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Entity

Entity

Entity

Entity

Exactly one occurrence

None or one occurrence

One or more occurrence

None or more occurrences

© Bühnová, Sochor, Ráček 

relationship

relationship

relationship

relationship



ERD example – Transport 
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Carrier

Driver Journey

License

Vehicle

employs

takes part in

is a holder of

is assigned to



ERD example – Library 
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Reservation Book

Copy

Loan

Reader

is reserved

is available

is on loanhas

entered



ERD example – Book editing
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Handbook

Chapter

Author

coauthored by

reviewed byconsists of

written by



Relational database design based on ERDs

 Entity-relationship modeling is a first step towards 

database design.

Database design process:

1. Determine the purpose of the database.

2. Find and organize the information required - Create 

ERD model of the system. Each entity type becomes a 

table, attribute becomes a column, entity becomes a 

row in the table. Handle relationships with attributes, 

and M:N relationships.

45© Bühnová, Sochor, Ráček 



Relationships to entities
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Customer Product
N1

Customer Product

Purchase

purchases

Can the purchase 

entity be omitted?

date



M:N relationships
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Teacher Course
NM

Teacher Course

Teaching

teaches



Database design process (continued)

3. Specify primary keys -               b  ’     m    

key. The primary key is a column that is used to 

uniquely identify each row. An example might be 

Product ID or Order ID.

4. Apply the normalization rules - Apply the data 

normalization rules to see if tables are structured 

correctly. Make adjustments to the tables.

5. Refine the design - Analyze the design for errors. 

Create tables and add a few records of sample data. 

Check if results come from the tables as expected. 

Make adjustments to the design, as needed.

48© Bühnová, Sochor, Ráček 



Entities and keys

Superkey

▪ A set of attributes that uniquely identifies each entity.

 Candidate key

▪ A non-redundant superkey, i.e. all items of a candidate key are 

necessary to identify an entity, no key attribute can be removed.

▪ There can be more combinations of entity attributes that can be 

used as candidate keys.

 Primary key

▪ The selected candidate key, marked with # symbol.

 Foreign key

▪ A set of attributes in one entity that uniquely identifies (i.e. is a 

primary key in) another entity.
49© Bühnová, Sochor, Ráček 



Data normalization goals by E.F. Codd

 Minimize redundancy and dependency

▪ Minimize redesign when extending database structure

▪ Make the data model more informative to users

 Free the database of modification anomalies

▪ Update anomaly – the same information expressed on multiple 
rows → update resulting in logical inconsistencies.

▪ Insertion anomaly – certain facts cannot be recorded, because 

of their binding with another information into one record.

▪ Deletion anomaly – deletion of data representing certain facts 

necessitating deletion of unrelated data.

 Avoid bias towards any particular pattern of querying

50© Bühnová, Sochor, Ráček 
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empl#  name  gender                       expert experience

employee
expertise

empl# name  gender

1. Normal form

empl# expert#   experience

Def.1NF: A relation is in 1NF if the domain of each attribute contains 

only atomic values, and the value of each attribute contains only a 

single value from that domain.

© Bühnová, Sochor, Ráček 

1. Normal form – no repeating groups
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1. Normal form – normalization example

© Bühnová, Sochor, Ráček 

EntityA EntityB

idA

attribute1

attribute2

idB

attribute3

EntityA

idA

attribute1

attribute2

attribute3[1]

attribute3[2]

attribute3[n]



Functional dependency

 Functional dependency

▪ In a given table, an attribute Y is said to have 

a functional dependency on a set of attributes 

X if and only if each X value is associated 

with precisely one Y value. 

 Trivial functional dependency

▪ A trivial functional dependency is a functional 

dependency of an attribute on a superset of itself. 

 Full functional dependency

▪ An attribute is fully functionally dependent on 

a set of attributes X if it is: functionally dependent 

on X, and not functionally dependent on any proper subset of X. 

53© Bühnová, Sochor, Ráček 

X1    X2   …   Y

X1   X2

X1    X2   …   Y
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2. Normal form – no partial dependency 

empl#    name   salary     project     deadline

developer#   package#   developer name   package name hours

Example EMPLOYEE

Example PROGRAMING

Is in 2NF

Not in 2NF

Def. 2NF: In 1NF and no non-prime attribute in the table is 

functionally dependent on a proper subset of any candidate key.

© Bühnová, Sochor, Ráček 

What anomalies can you identify in this example?



55

2. Normal form – no partial dependency 

manufacturer    model    model full name# manufacturer country

Example DISHWASHER MODELS Not in 2NF

Def. 2NF: In 1NF and no non-prime attribute in the table is functionally 

dependent on a proper subset of any candidate key.

•          “   d d    k  ”             d          m k  d         ?

• When there is only one-item primary key, is 2NF guaranteed?

© Bühnová, Sochor, Ráček 

not part of any candidate key
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2. Normal form – normalization example

course# student#    student name    student email registration date

student#     student name student email

course# student# registration date

© Bühnová, Sochor, Ráček 



57

3. Normal form – no transitive dependency

Def. 3NF: In 2NF and every non-prime attribute is non-transitively 

(i.e. only directly) dependent on every candidate key.

© Bühnová, Sochor, Ráček 

What anomalies can you identify in this example?

empl#    name   salary     project     deadline

Example EMPLOYEE

Not in 3NF
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3. Normal form – normalization example

deadline is transitively dependent on empl#

© Bühnová, Sochor, Ráček 

empl#    name   salary     project     deadline

empl#    name   salary     project project# deadline



ERD vs. UML Class Diagram

59

 Class diagrams

▪ model both structural and behavior features of a system 

(attribute and operations),

▪ contain many different types of relationships (association, 

aggregation, composition, dependency, generalization), and

▪ are more likely to map into real-world objects. 

 Entity relationship models

▪ model only structural data view with a low variety of 

relationships (simple relations and rarely generalization), and

▪ are more likely to map into database tables (repetitive records). 

▪ They allow us to design primary and foreign entity keys, and

used to be normalized to simplify data manipulation.

© Bühnová



ERD vs. UML Class Diagram
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 Although there can be one to one mapping between 

ERD and Class diagram, it is very common that 

▪ one class is mapped to more than one entity, or 

▪ more classes are mapped to a single entity. 

 Furthermore, not all classes need to be persistent and 

hence reflected in the ERD model, which uses to be 

driven by the database design.

 Summary:

▪ ERD is data-oriented and persistence-specific

▪ Class diagram targets also operations and is persistence 

independent

© Bühnová



Key points

 Data modeling, and ERD in particular, focuses on 

modeling data entities, relationships and attributes.

 Data normalization focuses on reducing redundancy 

and dependency in database design, and on avoiding 

bias towards a particular pattern of querying.

▪ 1NF: no repeating groups

▪ 2NF: no partial dependency

▪ 3NF: no transitive dependency

61© Bühnová, Ráček, Sochor


