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Nota prévia

* Esta apresentacao tem por objetivo, proporcionar uma
introducao sobre que € e como se enquadra a ciéncia
de dados

* Para o efeito, sao utilizados diversos graficos e imagens
retiradas na World Wide Web de diferentes atores
associadas com a pratica desta area e a quem €
realizada referéncia.

* No entanto, a estrutura, sequéncia e o suporte das
imagens, representam uma linha de pensamento que é
independente da origem dessas mesmas imagens e
gue pretende ser ilustrada por elas e orientar o
aprofundamento dos temas



Data science ou a ciéncia de dados

Considera o estudo da origem da informacao, o que
representa e como pode ser transformada numa fonte valiosa
para a criacao de negocio e de estratégias para o contexto em
analise

A exploracao de quantidades massivas de dados estruturados
e nao estruturados para identificar padrdoes que podem ajudar
uma organizacao no controle de custos, aumento de
eficiéncia, reconhecimento e descoberta de novos mercados e
oportunidades e aumento de vantagem competitiva

Transformacao de dados disponiveis em informacao, com
recurso a técnicas de analise de dados, experiéncia, mas
também inteligéncia e criatividade

E a extracdo de conhecimento a partir de grandes conjuntos
de dados, com recurso a métodos cientificos



Método cientifico?

Colocar uma questao

Colocar uma hipotese

Tracar um plano para a comprovar
Elaborar um contexto de observacao
Observar e experimentar

Registar os resultad
Analisar os resultad

Chegar a uma conc

OS
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Numa perspetiva mais operacional
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http://www.kdnuggets.com/2013/04/data-scientist-hat.html



O perfil multidisciplinar do profissional

da ciéncia de dados
MODERN DATA SCIENTIST

Data Scientist, the sexiest job of 21th century requires a mixture of multidisciplinary skills raaging from an
mtersection of mathematics. statistics. computer science. communication and business. finding a data
scientist is hard Finding people who undersiand who a data scieatist is, is equally hard. So bhere is a hittie
cheat sheetl on who the modern data scentist really is.

MATH PROGRAMMING
& STATISTICS & DATABASE

Machine learming Computes scrence fundamentals
Statistical modelng

Exgperanent design

Scrpting language e g Pythos
Statistical computng package ez R
Databases SO and .‘. SOOI
Re=iational algebra

Parallel databases and pacalis! guesy
processing

F_.a-,'-)s.;gr mfesence

Supervised leamming: decison trees.
rancdom forests. logsstic repgressson

Unsupervised leamang: clusternme.

dimensiongitty redection MagReduce concepts

-r
-r
=
=4
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=
=r

Optimization: grathent descent and
vanants

Hadoop and Hive/Pie

Custom reducers

RRRR RRORRD

Experience with xaas e AWS

DOMAIN KNOWILEDGE ’ " COMMUNICATION
& SOFT SKILLS & VISUALIZATION

Passionate aboust the business Able 10 engape with semor
manggement

Curnous about data
Story tellmg sklis

nfluence without authority
Hackes mindset Transiate dat: 3 dirven msights into
cgec &'-)na and achions

Problem sofver :
Visual art "v-‘mn

R packages like gopiot or lattice

Knowledee of any of visualwaton
tools eg. Flare, D35S, Tableaw

Strategic. proactive. creative
nnavatlive and coliabosative




A historia e contribuicdes para a
formacao da ciéncia de dados

= Turing machines

* [nformation Theory

= Weiner & Cybernetics .
= on Neumann Architecture.

— . . "
. Babbage, Lovelace !

= Boolean Algebra
= Punch cards.

Computer Science

+ Liebniz - Binary Logic.

= First IBM
Computers
Data Technology = DBMS.
(®) (@) /
. s - .I
Catrography * Willam Playfair A
= Astronomical Charts. « Charles Minard s
= Florence Nightingale.
(0 o\
m———
Visualization'=" '\!/

Optimization Methods
Fourier and other fransforms
Matrix & Generalizations
Non-euclidean geometries.

manufacturing,
Communications.

= Calculus
= Logarithms
= Newton-Raphson.

(@) —
® o=
Mathematics/ OR
* Theoretical Foundations of Modern St:
* Hypothesis, DOE S~
+ Mathematical Statistics. L]

* Probability

« Correlation * Regression, Least

Squares
= Bayes Theorem. + Time Series. ;
Statistics
Pre 1800s 1800-1900 1900-1940

Sort & Search Algorithms —
Dijkstra, Kruskal, Shell Sort, ...
Heuristics — Simulated Annealing, ...

* Applications to Military,

* Bayesian Methods
= Time Series Methods (Box Cox,

= Text/ string search

* 1974 Peter Naur "Concise Survey of Computer
Methods", Data Science, Datalogy

= Knuth - Art of Computer Programming.

* Database Marketing
= Data Mining, Knowledge Discovery

* Graph Algorithms ! g
» “Data science, classification, and related methods.”

* Multigrid methods
« Tree based methods. = 1989 First KDD Workshop

_ = Gregory Piatetsky-Shapiro.
{
* Removable Disk drives
= Relational DBMS.

o @) (@)
= Desktop, floppy

) — (@)=
" W‘illiam Cleveland: Data Science

= SAL, O0P ) =d -
N +_High level languages. = Leo Breimann: Statlstlc&jl Modeling: 2 Culturesﬂ
@) (®) {(®) () (®) . o
" John Tukey | R Grammar of Graphics
© ) Bertin. . ' Y
acaues Serin Edward Tufte. . \vorg Cloud, T Cloud.
®- ® ® -
= Assignment Problems
. Automatlon
F —. B o\ f."\
* Scheguling/g = (0 ) &/ O ‘
* 1962 John W. Tukey, Future of A~ = F~
Data Analysis ;\r— o @ U a1
. ~ : = Decision Science
— 1976 — SAS Institute + Patte recognition \ -

= 1977 The International Association for

Statistical Computing (IASC). * Mathine lsaming.

» Simulation, Markov
= Computational Statistics.

Survival, etc.)

= Stochastic Methods.

http://www.datasciencecentral.com/profiles/blogs/two-great-visualizations-about-data-science



Multidisciplinaridade da ciéncia de
dados

Data Science Is Multidisciplinary
dusine. NS |

Strategy Knowledge

Presentation

Inquisitiveness .

http://www.kdnuggets.com/2014/06/data-science-skills-business-problems.html|




A ciéncia de dados face as ciéncias da
computacao

Data Science Venn Diagram v2.0

Data Science

Computer Machine \
Science Learning

://robjhyndman.com/hyndsight/am-i-a-data-scientist



Peso economico e relevancia da
analise de dados

Exhibit 15

Sectors differ in their ability to use and QUALITATIVE
obtain value from big data analytics ) Bubble size = GDP  Competitive intensity to
: : adopt big data
Sectors studied :
in this report @ Highest ' Moderate
Big data ease of capture . High TR
Reflects ability to own or access data and analytics
Higher
Utlities Natural o
resources nation
Health-
care Finance and
Manufacturing providers insurance
Transportation

and warehousin
Professional g

services

.Real estate
Management and rental
Construction of companies
Administration, support, .

and waste management Accommo-

. Government
dation Retail
and food and trade

Educational services

Lower Arts and entertainment.

Lower Higher
Big data value potential
Reflects value of data and/or competitive advantage achieved

SOURCE: US Bureau of Economic Analysis; McKinsey Global Institute analysis




Uma enorme massa de dados e os
desafios associados

BIG DATA IS NOT JUST ABOUT SIZE HITACHI

Inspire the Next

e —
SEMI-STRUCTURED
DATA Four Vs
UNSTRUCTURED Volume

DATA Satellite

STRUCTURED Ehegos
DATA

Velocity

Sensors

Bio-
Informatics
M2M and
Web Logs
Video
Audio

Data-intensive Processing Increases

Variability

Value




Os dados massivos sao mais do que a sua quantidade (como
extrair valor, em tempo util, de um grande volume de dados)

Big Data: The four Vs

Volume, Velocity, Variety and Value

VOLUME VELOCITY VARIETY VALUE
Large amounts Need to be Different types Extracting
of data analysed quickly of unstructured business insights
and structured and revenue
data from data

© World Newsmedia Network 2013



A relacao entre algumas das disciplinas que
emergem do potencial de dados digitais

Data Analysis

Data Analytics

Data Mining

Data Science

http://www.datasciencecentral.com/profiles/blogs/two-great-visualizations-about-data-science



Diferenciar a inteligéncia de negocios, da
anélise de dados e da ciéncia de dados

BUSINESS
INTELLIGENCE

DATA
ANALYSIS

ETL Tocis / SCQL
RCBMS
Reparting
Visualization

Dats Modeling Software
Diagraming Software
Documentation
Software

Sal

Data Profiling Software

Statistics Software
Columnar Data
Map-Reduce

NoSOL

Pregramming Languages
Graphing/Charting
Software

Pragramming
ta Analysiz
Cata Modelirg
Report Development
Basic Statistics
Technical Architecturs
Business Analysis & Strategy
Presentation

Cata Modeling
Busness Analyss
Cata Manipulation
Basic statistics

Advanced Statistics
Programming

Business Analyss

Modern Data Management
Technologies and
Architectures

e | owocas ] s ] ees

Information Delivery and
Reporting

Data Visuskzation
Descriptive Statistics
Cata Integration and
Consolidation

Business Rules

Cata Definitions and Lineage
Cata Entity Relationships
Data Attributes

Data Structures

Sources and Targets of Data
Cata Quality

Predictve Madeling
Advanced Statistical Anslysis
Data Mining

Unstructured Data
NManagement

Large data volumes
Research

http://www.ediscoveryreadingroom.com/?p=2735



O exponencial crescimento dos dados,

ocorre em varias categorias

Total Archived Capacity, by Content Type, Worldwide, 2008-2015 (Petabytes)

350,000
300,000
250,000
200,000
150,000
100,000

2008 2009 2010 2011 2012 2013 2014 2015

¥ Unstructured| 11,430 16,737 25,127 39,237 59,600 92,536 | 147,885 | 226,716

Database 1,952 2,782 4,065 6,179 9,140 13,824 21,532 32,188

M E-mail 1,652 2,552 4,025 6,575 10,411 16,796 27,817 44,091

Source: Enterprise Strateqgy Group, 2010.




Apesar de tudo, ainda existe
informacao analdgica a considerar

Global Information Storage Capacity
in optimally compressed bytes

1986 1993 -

ANALOG ; /

2.6 exabytes :

' DIGITAL
DIGITAL ' STORAGE
0.02 exabytes

2002:
“beginning
of the digital age”
50%
% digital:
1% 3% 25 % 94 %

Source: Hilbert, M., & Lopez, P. (2011). The World's Technological Capacity to Store, Communicate, and
Compute Information. Science, 332(6025), 60 —65. hitp://www.martinhilbert.net/WorldinfoCapacity.html

2007 ANALOG

19 exabytes

- Paper, film, audiotape and vinyl: 6%

- Analogvideotapes [(VHS, etc): 94 % AMNALOG
- Portable media, flash drives: 2 %
- Portable hard disks:2.4%
-Chsand minidisks: 6.8 %

DIGITAL @

- Computer serversand mainframes: 8.9 %

- Digital tape: 11.8 %

- DVD/Blu-ray: 22.8 % .

- PC hard disks: 44 5%
123 billion gigabytes

- Dthers: < 1 % (incl. chip cards, memory cards, floppy disks,
maobile phones, PDAs, cameras/camcorders, videogames)

DIGITAL
280 exabytes



A ciéncia de dados é aplicada a diferentes setores (por

exemplo, RFID, em 2015, representa quase 23% do total)

—

o
E =
=
g o Structured Dats = VOLUME |
"E Automaobiles ba;ugtgant-a Large volumes (petabyte is normal)
0O Machine Data
VARIETY W
' m Multiple data formats
O Text Data
VELOCITY W

7.9 Zettabytes % Fast collection, processing and consumption

m&}im of Sale VALUE '

Competitive differentiator for business

» 1 Tarabyte= 1024 Gigabytes
= 1 Patabyte= 1024 Terabytes
. > 1E§2E§h§tg=' 1024 Pe

Future CemE




O maior crescimento é o de dados nao
estruturados (dentro e fora da empresa)

Examples of Unstructured Data

Corporate Enterpiee Systema | Intemet

e Corporate and personal email. e Social network profiles such as
» Text and instant messages. Facebook, LinkedIn, Twitter, and
e Customer call logs, Google Plus.
correspondence, and sales rep e Social influence sites such as
comments. expert blogs, user forums,

industry-specific sites, and

) consumer review sites {Amazon,
e Documents, presentations, ZDNet- -and Zillow)

spreadsheets, and reports.

» Voice mail and phone logs.

. * Activity-generated data such as
» Encrypted files and messages. LR g

* Images and audio and video files. Government, publisher, and

e (Calendars and contacts. aggregator databases, wikis.

e (Cellphone and vehicle location » Newspapers, articles, and white
data. papers.

e Internet histories, email-file e Websites.
transmission, and system access
logs.

http://www.journalofaccountancy.com/issues/2014/jan/20126972.html|



Componentes (e ferramentas) da
ciéncia de dados

Data Science: Core Components edurekal

Data Science
| g i et T
Data Architecture Machine Learning _Analytics |

Tool: Hadocop Tool: Mahout Tool: R

Slide 36 www.edureka.in/data-science
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A visualizacao de dados é relevante
A PERIODICTABLE OFVISUALIZATION METHODS

1

Data Visualization
Viswal representations of quantitative dato in schematic

]

Strategy VYisualization
The systematic use of complementary mal’.’rp;ucﬂm

¢
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As origens dos dados e o seu tipo

Where does big data come from?

Sccial media

73% £ om .‘b S

88* (@ o) 43"

Log data s Audio
C-";-.: (3/'
Emacils ' Photos and video
Internal ' External
datca sources data sources

http://www.ibmbigdatahub.com/infographic/where-does-big-data-come



A explosao de dados é essencialmente
a explosao dos dados nao estruturados

Explosive Data Growth

10,000
1.8 trillion gigabytes of data was
created in 2011...

More than 90% is unstructured data
Approx. 500 quadrillion files
Quantity doubles every 2 years ==
T R PR = rﬂ
j Y Tube A e

p E L
L e

B = Google [

GIGABYTES OF DATA CREATED (IN BILLIONS)
)

2005 2010 2015

s e 2011 B sTRUCTUREDDATA UNSTRUCTURED DATA

/‘A\

cloudera (inteD) ) Pentaho- s st soins (G



O

gue se pretende dizer por

guantidades massivas de dados?

40
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10

1ZB = 1,126,000,000,000,000,000,000 bytes (approx)

All Global Data in Zettabytes

2005
2006

Source: http://wwwl.unece.org/stat/platform/display/msis/Big+Data




Até onde vai escalar o crescimento de
dados?

Information from the Internet of Things:
We have gone beyond the decimal system

Today data scientistuses = to describe how
much government data the NSA or FBI have on people
altogether.

In the near future, Brontobyte will be the measurement
to describe the type of sensor data that will be generated

® Brontobyte
This will be our digital
universe tomorrow...

from the loT (Internet of Things) f -
. I \ @ Zettabyte
‘ . g / LII8 of et 1r il
' \ by 20186
Exabyte @
1 EB of data is owated on the internet each day = 250 million D¥Ds worth of information 0 i
The proposad Square Dlemeter Array telascape will gone: ated an TB of dats per day 10‘2
| 10°
w0



O crescimento dos dados nao estruturados vai
mudar o paradigma da sua gestao, nas empresas

Unstructured data will account

for more than 80% of the data

collected by organizations

STRUCTURED DATA

Pa10]S eje( [eloL

1980 1990 2000 2010 2020

/(.(A‘ Sowrce: Human Compuer nemcion & Knawledge Discovery n Camplex Unsyuctured, Big Data 1 4Mas w NMAPR :



Nem todos os dados nao estruturados
tem a mesma origem

* Organizations are redefining data strategies due to the
requirements of the evolving Enterprise Data Warehouse

(EDW).

Worldwide Corporate Data Growth

4 Machine Data

Social Media

VolP

v Enterprise

2012



Dados estruturados versus dados nao
estruturados (origem)

Structured Data Unstructured Data

https://www.laserfiche.com/ecmblog/4-ways-to-manage-unstructured-data-with-ecm/




De que estamos a falar, quando
falamos de dados nao estruturados?

STRUCTURED VS. UNSTRUCTURED DATA

Structured Data Unstructured Data
High Degree of organization, such as Information that is difficult to organize
a relational database using traditional mechanisms

“The patient came in complaining of chest
Column Value pain, shortness of breath, and lingering
Patient Joe Brown headaches...smokes 2 packs a day... family

x history of heart disease...has been
Date of Birth 02/13/1972 experiencing similar symptoms for the past

Date Admitted 02/05/2014 12 hours...."

I ',)g tficien!l” | Expertsindelivering business-driven technology solutions 9



Papeis, competéncias e atividades no
contexto da ciéncia de dados

Big Data - Pipeline, Technologies & Reles

Infer-ability A @ Ref:http:goo.gliMm83k
Y

)

“Model P \) G d‘\cf. V-,suoliﬁc
; , &
( L nfer’ end
}%. . 1 coﬂ““

Context “ . ﬁ Re
Ol @ f_e:
- E 'y . a‘.‘ n
(. ennectedness ‘e}du 850
n Re
. / Coode\ y D3.js, Dashboards, web apps
\ m'u‘ry omp\ex\f\/ M }( ] ’ 4
C e
- e of

Variability v chnSF e ¥
s P«f“’w:or\‘

Velocity  £¥& net | R, Hive, Pig, pythen, Java, Mahout

: < b e
Volume Hadoop } \
Technalogies TS ——
- ‘ E Machine Learning . Analytics
[ “ *~— 2
Data Architecture / Management N N
Roles « Pata Scientist ol
]

https.//doubleclix.wordpress.com/2012/12/15/what-or-who-is-a-data-scientist/



Relacionar dados por recurso a
modelos apropriados

Relationship
Type:

Similarity

E xplicit
Reference

Field'Value
Co-occurrence

Parent/Child

Spatial

Temporal

Model Types | Fectorspace Nedwork | Mutkimensional | Hierarchical o atial Ordiinal
Index Ihidex
08 o ? HAME: Pets |I @zjﬁqﬂﬁ e
¢ oo AGE 37 - 5%
Examples: Reports References | DB records, File paths Geokcatons, | Event
articles, DB | & ctations, | dociment taxonomies, CALD models | descriptions
e oo rds hgpetinks metadats P adifresse s




As diferencas entre inteligéncia de
negocios e a ciéncia de dados

Business
Intelligence Data Science

Perspective
Actions
Expertise
Data

Scope

Questions

Output
Applicability

Tools

Hot or not?

Looking backwards Looking forwards
Slice and Dice Interact
Business User Data Scientist
Warehoused, Siloed Distributed, real-time
Unlimited Specific business question
What happened? What will happen?

What if?
Table Answer
Historic, possible Future, correcting for influences
confounding factors
SAP, Cognos, Revolution R Enterprise
Microstrategy, SAS QlikView, Tableau, Jaspersoft
So 1997 Transformational

http://blog.revolutionanalytics.com/2013/05/statistics-vs-data-science-vs-bi.html



Lidar com dados massivos exige novos
tipos de respostas pelas empresas

Big Data = Transactions + Interactions + Observations

. BIG DATA
ra— Sensors [ RFID / Devices —
Pe S Mobile Web " sentiment
e
User Click Stream o
Web logs WEB AJB testing
l“ n—
. I
ey Offer history / Dynamic Pricing
- Affilate Metworks
Gigabytes Segmentation Search Marketing
Offer details
ERP i
Purchase detail Customer Touches sehaviora! Targetlng
Megabytes Purchase record Support Contacts Dynamic Funnels

Payment record

Increasing Data Variety and

User Generated Content

Social Interactions & Feeds

Spatial & GPS Coordinates

External Demographics
Business Data Feeds
HD Video, Audio, Images
Speech to Text

Product/Service Logs

SMSMMS

Sowurce: Contents of above graphic created in partnership with Teradata, Inc.




Descobrir dados para inteligéncia de negocios e
modelos para a ciéncia de dados

Data science is very different from
traditional business intelligence (Bl)

Both approaches are necessary for the contemporary enterprise

B BT

« Choose a business
outcome to improve

e Declide what data will
be relevant

e Create a data model

 Design reports,
dashboards, and/or
visualize

@ 2012 Forrester Research, Inc. Reproduction Prohibited

Choose business
outcome to improve

Assemble all possible
data

Run algorithms on the
data to find a model

Evaluate the model

Operationalize the
model

24

http://semanticommunity.info/Big_Data_Technology Symposium



O processo de producao da ciéncia de
dados (criar modelos e tomar decisoes)
Data Science Process

Exploratory
Data
Analysis

Raw Data
Data Is
Collected Processed

Models &
Algorithms

Communicate

Data Visualize

Make

Product Report Decisions

https://en.wikipedia.org/wiki/Data_science#/media/File:Data_visualization _process_v1.png



The

Data Science Process

Ask
an interesting
question.

What is the scientific goal?
What would you do if you had all the data?
What do you want to predict or estimate?

How were the data sampled?
e Which data are relevant?

EXPLORE

Are there privacy issues?

Plot the data.
e Are there anomalies?

the data.

MODEL

Are there patterns?

Build a model.

the data.

Communicate

Fit the model.
Validate the model.

What did we learn?

and visualize
the results.

Do the results make sense?
Can we tell a story?

Derived from the work of Joe Blitzstein and Hanspeter Pfister,
originally created for the Harvard data science course http://cs109.org/.



Existe uma multiplicidade de ferramentas associadas
com cada um dos processos de ciéncia de dados

Source Data

. mongDDBz AN I"iG k @@ & redis o

® Cassandra

ORACLE hedl 7 .\ Must RS

ColuchDB

Store Data

astgre S

Convert & ETL

S
)

Transform Data %;5,

Exploratory Analysis X *;.' elasticsearch. - KNIME

Rr:v’él_u'rlom | a udd N
MDdel BUILd & @ gsas pandas.,aﬂ,_,. o - [JLJII'I()] Julla _?:.R.o.mo MINER
. O Clojure .
Generate Insights ‘ Ié*wgm 3 @ ﬁ Y HANA
= AP ‘g e Ve ™ S
Visualisation G Gephi ?lggplotz B% i tobleay WARMWID 2 _71-“
Model Execution in o >
Production Loeva Crieriomm CH I oo« EScala N

https://becomingadatascientist.wordpress.com/2013/07/26/choosing-a-data-science-technology-stack-w-survey/



Comentarios finais

Area de grande potencial
— Quer em dimensao de negdcio, quer em empregabilidade
Existe um enorme leque de aplicacao

— onde quer que exista a possibilidade de obter dados em grande
quantidade ou de grande complexidade, em formato digital

A enfase deve ser na ciéncia e nao nos dados
— implicando o uso das diferentes técnicas de um modo ordenado

Os profissionais de ciéncia de dados sao especialistas de
analise de dados que possuem competéncias técnicas para
resolver problemas complexos e a curiosidade de explorar
guais os problemas que devem ser resolvidos

— existe uma dimensao de criatividade aplicada que é
componente essencial do trabalho em ciéncia de dados



Tarefas tipicas de profissionais de
ciéncia de dados

Recolher grandes quantidades de dados nao tratadas para
transformar em dados Uteis

Resolver problemas relacionados com negdcio ou contextos bem
definidos, com recurso a técnicas orientadas a dados

Trabalhar com uma variedade de linguagens de programacao

Dominar conceitos estatisticos, incluindo distribuicoes e testes
estatisticos

Dominar e acompanhar o estado de arte de técnicas analiticas
como aprendizagem automatica, deep learning e analise de texto

Comunicar com equipas técnicas e de gestao

Descobrir critérios e ordem em padrdes de dados, bem como
identificar tendéncias que podem contribuir para a eficacia do
negocio ou do contexto em estudo



Técnicas e ferramentas para a ciéncia
de dados

Visualizacdao de dados: a apresentacao de dados de forma grafica de
modo a ser mais facilmente entendida

Aprendizagem automatica: um ramo da inteligéncia artificial
baseado em algoritmos matematicos e na automacao

Deep learning: uma area da investigacao em aprendizagem
automatica que usa os dados para modelar abstracoes complexas

Reconhecimento de padrdes: tecnologia que reconhece padroes
em dados

Preparacao de dados: o processo de conversao dos dados em bruto
num formato que possa ser mais facilmente tratado ou consumido

Analise de texto: o processo de examinar dados nao estruturados
de forma a extrair aspetos relevantes sobre o negdcio ou o contexto
em estudo



Oportunidade e valor

"Quick! Somebody
find me a
data scientist!"”

http://timoelliott.com/blog/2013/08/what-is-a-data-scientist-and-what-do-they-do-cartoons.html|



