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apud M. Nickel, K. Murphy, V. Tresp and E. Gabrilovich, "A Review of Relational Machine Learning for 
Knowledge Graphs," in Proceedings of the IEEE, v. 104 (1), pp. 11-33, 2016.

Christopher Strachey
(1916-1975)

Carta a Alan Turing, 1954.

“I am convinced that the crux of
the problem of learning is
recognizing relationships and
being able to use them”



Como relacionar dados ?
Como seguir os relacionamentos ?

Análise de Dados 
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Bancos de Dados Distribuídos e Paralelos



Ter dados  ≠  Analisar dados
Como relacioná-los?



Seguir ligações ≠  Analisar dados

Fonte: 7 Reasons Why You Need a Database Management System 
By David Scott Brown , May 26, 2016 

https://www.techopedia.com/contributors/david-scott-brown


What Data Management can do:
data modeling, replication, partition, indexing, 
joins, concurrency, consistency, fault tolerance 
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From M. T. Özsu & P. Valduriez “Principles of Distributed Databases”, book by Springer



Database Management Systems

Big Data – Gerência de Dados
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• percepção humana ~25ms

• TPC-C: executa ~ meio milhão de 
transações por segundo  

• com controle de concorrência, cai 
para algumas centenas de 
milhares; ainda é muito rápido

• uma busca simples em um índice, 
tipo tabela hash, são 20 milhões 
de operatções por segundo

Super Eficiente



Dados Relacionados



Exemplo de uma consulta
Quais os funcionários com registro > 4000 e idade menor que 40?

ID Register Name Age

RH1 0962 Jane 30

RH2 7658 John 45

RH3 3589 Jim 20

RH4 5523 Susan 52



E se a tabela for muito grande ?
Índices

Biology
Comp. Sci.
Elec. Eng.
Finance
History
Music
Physics

76766 Crick

76543 Singh
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22222 Einstein
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12121 Wu
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E se a tabela for muito grande ?
Índices – Arvore BCoarse-granular and Sparse B-Trees
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Uma vez organizado e relacionado, 
como acessar ?

Estruturas de Dados fazem parte de um Sistema de Banco de Dados 



Onde armazenar ?
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Super Eficiente Database Management Systems

“One size fits all”
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• O mesmo software DBMS
• Diversas aplicações
• Grande Volume de dados
• Leitura X Escrita
• OLAP x OLTP



Stonebraker
“no size fits all” (2005)

Michael Stonebraker recebeu em junho, o prêmio Turing da ACM de 2014.
“For fundamental contributions to the concepts and practices underlying modern database systems.”



“One size does not fit all”



Tamanho único Sob medida

Especialização: extremos





Especialização: extremos

http://www.ianfoster.org/wordpress/presentations/ (Code in Continuum)

http://www.ianfoster.org/wordpress/presentations/


Code in continuum

Globus
Ian Foster
(IPDPS’2019)

https://www.slideshare.net/ianfoster/coding-the-continuum



Exascale “sob medida”
• Google designed its own tensor processing

unit (TPU), designed for high throughput of
low-precision arithmetic. 
– TPU accelerates their neural network 

computations behind Google Search, Street View, 
Google Photos and Google Translate.



Exascale – Google’s TPU
• How fast are these new chips? 
– “To put this into perspective, our new large-scale 

translation model takes a full day to train on 32 of the 
world’s best commercially available GPU’s—while one 
1/8th of a TPU pod can do the job in an afternoon,” Google 
wrote in a statement.
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The Data Science Cake
Ingredients: 
50g statistics

120g linear algebra

200g programming

1kg visualisation

300g software 
engineering

Additional skills: 
creativity

out of the box thinking

grit

team spirit

© istock.com sasilsolutions

Jens Dittrich, VLDB 2017 (invited talk: “Deep Learning (m)eats Databases”



Data Science = Three Thirds

Definition (Data Science)

Data Science =

1/3 Artificial Intelligence (� Machine Learning) +

1/3 Data Mining +

1/3 Data Management.

Preach and get involved!

It is our job as a community to spread the word about this and get
involved! Otherwise we will again witness the reinvention of the wheel
(e.g. like in NoSQL).

Prof. Dr. Jens Dittrich Data Science 6= Machine Learning 5 / 12

Data Science ≠ Machine Learning

Venham fazer os cursos de BD (= Data Management)
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