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What is Big Data? 



Large amount of data 



Really? 
Does size only matter? 





What is Big Data? 



One of the definitions 

• "Big Data are high-volume, high-velocity, and/or 
high-variety information assets that require new 
forms of processing to enable enhanced decision 
making, insight discovery and process 
optimization”  (Gartner 2012) 
 

• Complicated (intelligent) analysis of data may 
make a small data “appear” to be “big” 
 

• Bottom line: Any data that exceeds our current 
capability of processing can be regarded as “big” 



4 Vs of Big Data 



1st V: Volume rule them all 

Exponential increase in 
collected/generated data 

• 30-40 Zettabytes created by 2020 

• 2.5 Quintillion bytes of data per day 

• Most US companies store 100 
Terabytes of data 

• 6 billion cell phones worldwide 

 

 



Maximilien Brice, © CERN 
CERN’s Large Hydron Collider (LHC) generates 15 PB a year  



640K ought to be enough 
for anybody. 



2nd V: Variety 

• AKA Data Complexity 
 

• Data in various formats 
– Relational Data  

• Tables, Views, Transactions, etc. 

– Text as unstructured data  
• e.g. web 

– Semi-structured data 
• e.g. XML, JSON 

– Graph data 
• e.g. Social networks, semantic data 

– Streaming data 
• Data can only be scanned once! 
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All these types of data need to be linked together 
to extract knowledge/real value 

A single application can be generating/collecting 
many types of data  



A Single View to the Customer 

Customer 

Social 
Media 

Gaming 

Entertain 

Banking 
Finance 

 
Our 

Known 
History 

 

Purchase 



3rd V: Velocity  

• Data is generated fast 
– Modern cars have close to 100 sensors  

monitoring items with high time resolution 
– NY Stock Exchange captures 1 TB of trade  

information during each trading session 
– 18.9 billion Internet connection worldwide, 

subscribers continously generate data (Twitter, …) 

 
• (Near) real-time processing is needed 

– Late decision often = missing opportunities 
– Examples 

• sensors monitoring your activities and body: any abnormal measurements require 
immediate reaction 

• Based on your current location, your purchase history, what you like: send promotions 
right now for store next to you 

• In factories lots of sensors may help to detect faulty items before they are built in e.g. a 
car or other product 
 
 

 
 



Real-time/Fast Data 

Social media and networks 
(all of us are generating data) 

Scientific instruments 
(collecting all sorts of data)  

Mobile devices  
(tracking all objects all the time) 

Sensor technology and networks 
(measuring all kinds of data)  

• The progress and innovation is no longer hindered by the ability to collect data 

• But, by the ability to manage, analyze, summarize, visualize, and discover 
knowledge from the collected data in a timely manner and in a scalable fashion 
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Real-Time Analytics/Decision Requirement 

Customer 

Influence 
Behavior 

Product  
Recommendations  
that are Relevant  

& Compelling  

Friend Invitations  
to join a  

Game or Activity 
that expands 

business  

Preventing Fraud   
 as it is Occurring  

& preventing more 
proactively  

Learning why Customers  
Switch to competitors 

 and their offers; in 
 time to Counter  

Improving the 
Marketing  

Effectiveness of a  
Promotion while it 

is still in Play   



The last V: Veracity 

• All about data quality and 
reliability (IBM 2013) 
 

• 1 in 3 business leaders do not 
trust the information they use 
to make decision 
 

• In a survey it is always unsure 
how many of their data is 
inaccurate 
 

• Poor data quality costs a lot in 
many sectors 



Harnessing Big Data 

• OLTP: Online Transaction Processing   (DBMSs) 

• OLAP: Online Analytical Processing   (Data Warehousing) 

• RTAP: Real-Time Analytics Processing  (Big Data Architecture & technology) 
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The Model Has Changed… 

• The Model of Generating/Consuming Data has Changed 

Old Model: Few companies are generating data, all others are consuming data  

New Model: all of us are generating data, and all of us are consuming data  
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Science 





~18TBytes/night 



~18TBytes/night 

SKA Project 

Data stream at 7000 Pbytes/s 



 



…ACGTGACTGAGGACCGTG 

CGACTGAGACTGACTGGGT 

CTAGCTAGACTACGTTTTA 

TATATATATACGTCGTCGT 

ACTGATGACTAGATTACAG 

ACTGATTTAGATACCTGAC 

TGATTTTAAAAAAATATT… 



Shotgun sequencing 

read 

 
 

~ 100-1000 M reads / run 
~ 1GBytes -1TBytes / run 



Analysis of social networks 

• Sentiment analysis of Twitter data, e.g. for 
marketing purposes 

• Real-time event detection in social data 

• Guessing residence and movement 
patterns based on tweets and friendships 

• Information propagation in social and 
mobile networks 

• Human behaviour analysis based on 
aggregated cellular network data 

• Twitter data collection infrastructure 

 



Industry 





6 Billion CDRs per day  
at a large telco 



• Mobile phone activity 
• Activity patterns of spatial pixels 

– Revealing the functional spatial clusters of 
city life 

– Identification of outliers 

• Calls, SMS or data traffic + Twitter data 
• On going joint research with Ericsson and  

MIT SENSEable City Lab (Carlo Ratti) 
 

Analysis of social 
& mobile networks 



Smart Factories 

• Root cause analysis 
– In old factories -> manual 
– Let’s do it smarter -> 

automatic data mining 
solutions 

 
– Really big data 

• Sensors monitoring the whole 
production chain 

• Enterprise data about external 
vendors and suppliers 
 

– Industry 4.0 







 





What is Data Science? 

R.A. Fisher 

Howard 
Dresner 

Peter Luhn W.E. Deming 



Why do we call it data science?  

Data Science is 
• an emerging field, belonging to applied research. 

 
• the science which uses computer science, 

statistics and machine learning, visualization and 
human-computer interactions to collect, clean, 
integrate, analyze, visualize, interact with data to 
create data products. 
 

• Models for/based on large-amount of data 
 
 



It is a mixture of various skills 



Thank you! 


