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How much data is generated every minute?

There's no way around it: big data just keeps getting bigger. The numbers are staggering, but theyre not
slowing down. By 2020, it's estimated that for every persan on earth, 1.7 MB of data will be created every
second. In our 6th edition of Data Never Sleeps, we once again take a look at how much data is being created all
around us every single minute of the day—and we have a feeling things are just getting started
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*Loop in which decisions are taken on whether to do more qualitative customer feedback collection.



Outline

< Data management
< Data modelling

= Entity relationship diagram (ERD)
< Relational database design

= Normalization

<> Other database concepts
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Data management
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Data

< Information converted into binary digital form

= |Information that has been translated into a form that is efficient
for movement, 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 contrast to analog
Information does not deteriorate over time or lose quality
after being used multiple times
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Data management

< 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.
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Data governance

< A set of principles and practices

that ensure high quality Data
through the complete ATeiicecre 1
lifecycle of the data pata Quallty 8 Decipe
= a strategy .

< Includes the people, s
processes and Data
technologies needed pata Warehousing NSRS
to manage and protect e \_ Securty
the company’s data assets \ Data

< Most relevant in large enterprises @R sy \ | tegration 8\
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Data governance — key goals

RS S
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Minimize risks

Establish internal rules for data use Data

Architecture
Data

Implement compliance requirements Data Quality E%deljng
% Design

Improve internal and

external communication " Data storage
& Operations

Increase the value of data Data

N o _ o Governance
Facilitate the administration [ e Data
of the above Intelligence " Security
Reduce costs \ Data \_
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' Master Data / \| o
Help to ensure the continued / bocomente \\nteroperabmry

existence of the company through risk / &Content \
management and optimization \
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Data lifecycle

< Lifecycle may be a misleading term, since most lifecycles lead to
reproduction or recycling, and data doesn'’t. But at least the data
lifecycle has some distinct phases during which it needs to be
managed.

Data Capture / Create
Data Maintain / Store
Data Use

Data Publish / Share
Data Archive

Data Purg / Destroy
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Data modelling

Lecture 5/Part 2

© Buhnova, Sochor, Racek

12



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

= |dentify 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
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Entity Relationship Diagram (ERD)

< Entities and their types
< Relationships and their types

< Attributes and their domains

Chen's notation
(concept level description)

Teacher (1,1) @

(0.8)

Crow’s Foot notation

(implementation level descript.)

Teacher _ Lecture
- gives
name k ~ Y hame
(1,1) ©0,89) &
contact date
length
place
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Entities and Entity types

< An Entity Is anything about which we want to store data

= |dentifiable — 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.

You Student
Your neighbor Student Teacher
Me Teacher
This PBO07 lecture Lecture

Lecture
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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.
= | am giving this PBOO07 lecture.

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

Relationship type.

= A student attends a lecture.
= Ateacher gives a lecture.

Student @
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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. alecture 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.

Teacher @ Lecture
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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)?

* |s 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.

© Buhnova, Sochor, Racek 18




Relationship-type degree

Manager : @ : Department

Every manager leads exactly one department.
Every department is led by exactly one manager.

Edition plan : @ N Book title

Every edition plan contains one or more book titles.
Every book title is part of exactly one edition plan.

Producer M @ N Product

Every producer produces one or more products.
Every product is produced by one or more producers.
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Relationship-type degree

Mandatory relationship

Painter

1

N

Optional relationship

Employee

M

\re\/V/

(0.M)

Recursive relationship

Module

1

N

onsists o
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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

= Alecturer 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

M ~_ N
Product Supplier
M @ N

< Relationship offers has attributes:

= payment conditions, due date.
< Relationship delivered has attributes:

= delivery note details.
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Relationships among more than two entities

Buyer

1 negotiate 1
price

Seller Agent

negotiate

Buyer’s lawyer W Seller’s lawyer
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Association entity

M N
Customer buys Product
association
. Contract
entity

< The Contract exists just as a result of the relationship
between the Customer and Product entity.
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Super-type and sub-type entities

super-type
Car entity
C SUV V. Sub-type
ompact an entlty

< Extended ERDs model also inheritance, i.e. the
relationship of specialization—generalization
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Removal of unneeded (redundant) entities

Employee

1

w > Employee

1

Spouse

The Spouse entity is better suited
as Employee’s attribute.
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Removal of unneeded (redundant) entities

: M N .
Patient @ Me ent

Treatment

e B

/
/

/
_ 1 /
Patient @ /
/
/
/ N
Treatment
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Removal of unneeded relationships

renews _
Driver License

has

The duty to renew the license
can be derived from the entities

Driver @ License
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Relational Database Design

Lecture 5/Part 3
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Crow's Foot notation

relationship _
HH Entity Exactly one occurrence
relationshi _
P ©H Entity None or one occurrence
relationship _
I Entity One or more occurrence
relationshi :
s o Entity None or more occurrences
VT © Blihnova, Sochor, Racek 30



ERD example — Transport

IS assigned to

employs

Carrier

R

Vehicle

Driver

>

, takes partin

A\

License

IS a holder of
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ERD example — Library

IS reserved

ReservationpP® Book

X e

entered is available
—— 7'\_
Reader Copy
od Loan P+
has IS on loan
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ERD example — Book editing

coauthored by

Handbook P

consists of reviewed by N
+ ld Author
written by =

Chapter P
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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,
association entities and M:N relationships.

© Buhnova, Sochor, Racek
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Relationships to entities

1 N
Customer @ Product

Customer V Product

———04 Purchase

[)

Can the purchase
entity be omitted?

VQ © Biihnova, Sochor, Racek 35
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Association entities

M
Customer Product
_ L. . Order
Association entity...
... can become
~ an entity on its own Customer Product
——o64 Order p6——
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M:N relationships

Teacher

M N
Teacher @

N

Course

Course

_e<

Teaching

DO—
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Sub-types and super-types

Compact

super-type
entity

<> Three options:
= One big Car entity with all attributes

SUV

Van

= Three smaller Compact, SUV and Van entities

© Buhnova, Sochor, Racek
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Database design process (continued)

3. Specify primary keys - Choose each table’s primary
key. The primary key is a column that is used to
uniguely 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.
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Entities and keys

<-Superkey

= A set of attributes that uniquely identifies each entity.

< Candidate key

= Anon-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.
© Buhnova, Sochor, Racek 40




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.

* |nsertion 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

© Buhnova, Sochor, Racek 41




1. Normal form — no repeating groups

Def.1INF: Arelation 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.

expertise
employee A N
empl#|name [gender | e, expert experience-‘
|

empl#| name |gender | -

——o4 empl# |expert# | experience

:—7 © Biihnova, Sochor, Racek 42
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1. Normal form — normalization example

EntityA

1dA

attributel

attribute2

attribute3[1]

attribute3[2]

attribute3[n]j
EntityA EntityB
idA i °< idB
attributel attribute3
attribute2
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Functional dependency e <,

&
< Functional dependency
= |n a given table, an attribute Y is said to have :
a functional dependency on a set of attributes X1] X2 Y
X if and only if each X value is associated
with precisely one Y value.
< Trivial functional dependency Z x2 H
= Atrivial functional dependency is a functional
dependency of an attribute on a superset of itself.
<> Full functional dependency —
X1| X21...1Y

= 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.
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2. Normal form — no partial dependency

Def. 2NF: In INF and no non-prime attribute in the table is
functionally dependent on a proper subset of any candidate key.

Example EMPLOYEE _
Is In 2NF

empl# | name |salary | project | deadline

Example PROGRAMING

developer# | package#| developer name| package name| hours

What anomalies can you identify in this example?
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2. Normal form — no partial dependency

not part of anylcandidate key

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

dependent on a proper subset of any candidate key.

* Does the “candidate key” part of the definition make difference?
* When there is only one-item primary key, is 2NF guaranteed?

Example DISHWASHER MODELS

manufacturer | model | model full name# | manufacturer country

© Blihnova, Sochor, Racek 46




2. Normal form — normalization example

VIS I,
P oy,
Iy -
= -
) \ s
EN _—
L7,
Tas aast

© Buhnova, Sochor, Racek

course# | student# |student name | student email | registration date
student# | student name | student emalil
|
I —
course# | student# | registration date
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e,
3. Normal form — no transitive dependency ms

Def. 3NF: In 2NF and every non-prime attribute is non-transitively
(i.e. only directly) dependent on every candidate key.

Example EMPLOYEE

empl# | name |salary | project | deadline

What anomalies can you identify in this example?

V © Buhnova, Sochor, Racek 48
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3. Normal form — normalization example

deadline is transitively dependent on empl#

empl# | name |salary | project | deadline

¢ S

empl# | name |salary | project project# | deadline
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ERD vs. UML Class Diagram

< 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.
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ERD vs. UML Class Diagram

< 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
iIndependent
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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
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Other database concepts

Lecture 5/Part 4
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Data 3V: Volume — Variety — Velocity Smart Roads

Warning messages and diversions
according to climate conditions and
unexpected events like accidents or

Smartphones Detection Electromagnetic Levels tafficjams,

= 8 Detect iPhone and Android devices and in Measurement of the energy radiated H H
Air Pollution general any device which works with Wifi or by cell stations and and WiFi routers. Smart nghtlng
Control of CO, emissions of factories, pollution Bluetooth interfaces. Intelligent and weather adaptive lighting

emitted by cars and toxic gases generated in
farms.

in street lights.

s B Traffic Congestion

Access control to restricted areas and detection Monitoring of vehicles and pedestrian
of people in non-authorized areas. affluence to optimize driving and walking
: routes.

! / { !

Intelligent Shopping

Getting advices in the point of sale
according to customer habits, preferences,
presence of allergic components for them
or expiring dates.

Forest Fire Detection

Monitoring of combustion gases and preemptive
fire conditions to define alert zones.

Distributed measurement of radiation levels

in nuclear power stations surroundings to ' Noise Urban Maps
generate leakage alerts. )

Wine Quality Enhancing

Monitoring soil moisture and trunk diameter
in vineyards to control the amount of sugar in
grapes and grapevine health.

Sound monitoring in bar areas and
centric zones in real time.

Offspring Care

Control of growing conditions of the offspring in
animal farms to ensure its survival and health.

Sportsmen Care

Vital signs monitoring in high performance
centers and fields.

Structural Health

Monitoring of vibrations and material conditions
in buildings, bridges and historical monuments.
\

\
\

Water Leakages

Detection of liquid presence outside tanks
and pressure variations along pipes.

Vehicle Auto-diagnosis

Information collection from CanBus to
send real time alarms to emergencies
or provide advice to drivers.

Waste Management

Detection of rubbish levels in containers
to optimize the trash collection routes.

Smart Parking Item Location

Monitoring of parking spaces availability
in the city.

Search of individual items in big surfaces
like warehouses or harbours.

Quality of Shipment Conditions Water Quality Golf Courses

AR

Monitoring of vibrations, strokes, container openings Study of water suitability in rivers and the Selective irrigation in dry zones to .
or cold chain maintenance for insurance purposes. sea for fauna and eligibility for drinkable reduce the water resources required in llbellm
use. the green. www.libelium.com



Other database concepts

Storage strategies:

<> Relational vs. NoSQL databases
< Keyl/value stores

< Document databases

<> Graph databases

Related concepts:
<> Cloud computing
<> Object Relationship Mapping (ORM)
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