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Big data: an introduction
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� What?
� Where?
� Why?
� How?



A short video
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(http://www.intel.it/content/www/it/it/big-data/big-data-101-animation.html)

http://www.intel.it/content/www/it/it/big-data/big-data-101-animation.html


"Big Data"??
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� Different definitions

“Big data exceeds the reach of commonly used hardware environments and software 
tools to capture, manage, and process it with in a tolerable elapsed time for its user 

population.”   -Teradata Magazine article, 2011

“Big data refers to data sets whose size is beyond the ability of typical database software 
tools to capture, store, manage and analyze.”  -The McKinsey Global Institute,  2012

“Big data is a field that treats of ways to analyze, systematically extract information from, 
or otherwise deal with data sets that are too large or complex to be dealt with by 

traditional data-processing application software.”  - Wikipedia,  2019



When data become “Big”?
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IOPS: Input/Output Operations Per Second

Normal
processing
capability

IOPS
BIG
DATA

Data volume



Some numbers
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� How many data in the world?
� 800 Terabytes, 2000
� 160 Exabytes, 2006 (1EB = 1018B)
� 4.5 Zettabytes, 2013 (1ZB = 1021B)
� 44 Zettabytes by 2020
� 163 Zettabytes by 2025

� How much is a zettabyte?
� 1,000,000,000,000,000,000,000 bytes

� How many data in a day?
� 2.5 Exabytes
� 8 TB, Twitter
� 50 TB, Facebook

� 90% of world's data:
� generated over last two years!



Let us try to make a stack of 
books containing a zettabyte 

of data

How big is big data?



1 zettabyte =
a stack of books whose height is

FIVE TIMES
the distance between the Earth 

and Pluton



8 million of years of a video in UHD 8K format



Data grows fast!



Growth
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Data Age 2025: The Evolution of Data to Life-Critical Don’t Focus on Big Data; Focus on the Data That’s Big Sponsored by Seagate

Data’s evolutionary role in the world becomes readily apparent in the amount of data 
created and utilized by different computing platform types over time. Changing usage 
becomes visible by comparing computing platforms in three location categories:

• Core refers to designated computing datacenters in the enterprise and cloud. 
This includes all varieties of cloud computing, including public, private, and hybrid 
cloud. It also includes operational control centers, such as those running the 
electric grid or telephone networks.

• Edge refers to enterprise-hardened computers/appliances that are not in 
core datacenters. This includes server rooms, servers in the field, and smaller 
datacenters located regionally for faster response times.

• Endpoint refers to all devices on the edge of the network, including PCs, 
phones, cameras, connected cars, wearables, and sensors. 

In percentage of total data creation, endpoints have given considerable ground since 
2012 and are expected to continue doing so (see Figure 3). Over the past decade, 
endpoint growth came from PCs, smart phones, and other consumer devices. 
Although endpoint growth continues, the largest component of this future growth will 
be in embedded devices such as security cameras, smart meters, chip cards, and 

Data created

Figure 2.     Annual Size of the Global Datasphere

Source: IDC’s Data Age 2025 study, sponsored by Seagate, April 2017
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Data sources
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Proliferation of data sources



Global Internet device forecast



Internet of Things



User-generated content



Horizontal spread
Data is central to all of our existences, whether we're a giant 

enterprise or an individual person



Data types
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The four "V’s" of Big Data
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� Not just a matter of volume..



What is more important?
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� The “Big”
� The “Data” 
� Both
� Neither



What is more important?
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� The “Big”
� The “Data” 
� Both
� Neither

What organizations do with big data

"Data is not information, information is not knowledge, 
knowledge is not understanding, understanding is not wisdom"

Cliff Stoll



Big Data:  V4+VALUE
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� Volume：Terabyte(1012), Petabyte(1015), Exabyte(1018),  
Zettabyte (1021)

� Variety: Structured, semi-structured, unstructured; Text, image, 
audio, video, record

� Velocity: Periodic, Near Real Time, Real Time
� Veracity: Quality of the data can vary greatly
� Value: Big data can generate huge competitive advantages



What’s new?
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The wide availability of data allows us to apply 
more sophisticated models and you get much 

more accurate results than in the past!

It is a capital mistake to theorize before one has data

The bigger the data set you have, the more accurate the 
predictions about the future will be

Anthony
Goldbloom

In God we trust; all others must bring data

William Deming
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Bigger = Smarter!



Bigger = Smarter?
� YES!

� algorithms work much better
� tolerate errors
� discover the "long tail" and "corner cases" 

� BUT:
� more heterogeneity
� data grows faster than energy on chip
� still need humans to ask right questions
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Big tail
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“We sold more items today that didn't sell at all yesterday than we sold 
today of all the items that did sell yesterday”    ̶ Amazon employee.



Why now?
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� Because we have data
� Data born already in digital form 
� 40% of data growth per year 

� Because we can 
� 300$ for a drive in which to store all the music of the world 
� >40 years of Moore's Law ® large computational resources 
� 68% of companies have invested in big data in 2018 
� 57 billions $ invested in big data in 2018

� “Because we reached dead end with logic”



A simple example of bigger=smarter
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� Google Translate 
� you collect snippets of translations
� you match sentences to snippets
� you continuously debug your system

� Why does it work?
� there are tons of snippets on the Web
� the accuracy improves as the training 

set grows



A success story



Large Hadron Collider (LHC): CERN 
collected 200 petabytes from 2012 and 1 
petabyte of data are processed each day

Higgs boson
(the God Particle)



The DNA of a single individual
contains about 3.2 billion pairs of 

DNA bases



..many other stories in very diverse sectors
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� Crime Prevention in Los Angeles 
� Diagnosis and treatment of genetic diseases 
� Investments in the financial sector
� Generation of personalized advertising 
� Astronomical discoveries
� …

� but….
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Use cases
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Today’s Challenge New Data What’s Possible

Healthcare
Expensive office visits

Remote patient
monitoring

Preventive care, reduced 
hospitalization

Manufacturing
In-person support Product sensors Automated diagnosis,

support

Location-Based Services
Based on position Real time location data Geo-advertising, traffic, 

local search

Public Sector
Standardized services Citizen surveys Tailored services, 

cost reductions

Retail
One size fits all 

marketing
Social media Sentiment analysis 

segmentation



Potential value 

37



38



39



41



The big data process
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Acquisition

Extraction

Integration

Analysis

Interpretation

Decision

Goal: 
to make effective 
strategic decisions 
exploiting the 
availability of big 
data



Big Data in action
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Requires:
� selection

� filtering

� Metadata
generation 

� managing
provenance

Acquisition

Extraction

Integration

Analysis

Interpretation

Decision



Big Data in action
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Requires: 

� transformation 
� normalization 

� cleaning 
� aggregation 
� error handling

Acquisition

Extraction

Integration

Analysis

Interpretation

Decision



Big Data in action
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Requires:
� standardization 

� conflict 
management 

� reconciliation 

� mapping definition

Acquisition

Extraction

Integration

Analysis

Interpretation

Decision



Big Data in action
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Requires:
� exploration 

� data mining 

� machine learning 

� visualization

Acquisition

Extraction

Integration

Analysis

Interpretation

Decision



Big Data in action
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Requires:
� Knowledge of the 

domain 

� Knowledge of the 
provenance

� Identification of 
patterns of interest 

� Flexibility of the 
process

Acquisition

Extraction

Integration

Analysis

Interpretation

Decision



Big Data in action
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Requires:
� managerial skills

� continuous
improvement of 
the process

Acquisition

Extraction

Integration

Analysis

Interpretation

Decision



A simple example of a big data process
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� Problem: The sale of lollipops is going down! 
� Acquisition: 

� Sales by customer, region and time 
� Surveys of users 
� Social networks 

� Extraction: 
� Data loading from receipts 
� Automatic reading of questionnaires 
� Data extraction from twitter 

� Integration: 
� On the basis of user types

� Analysis: 
� lollipops bought by people older than 25
� lollipops preferred by people younger than 10 

� Interpretation: 
� Moms believe: lollipops = bad teeth
� Boys and girls believe that lollipops are for babies

� Decision: 
� We make lollipops without sugar 
� We ask dentists to advertise our lollipops 
� We make commercials targeted to boys and girls



Risks and Challenges of Big Data
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� Performance, performance, performance!
� Data grows faster than energy on chip
� Efficiency
� Scalability

� Effectiveness
� Heterogeneity
� Privacy
� Costs 



Effectiveness: a failure story
� Google Flu Trends

� over-estimated the prevalence of flu for 100 out of 108 weeks



Big problem: understanding the output



Unexpected results



Surprising behaviors



Strange correlations



Risks of bad interpretation

Video

http://BadInterpretation.mp4


Privacy: Unpleasant drawbacks
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� AOL search data leak (NYT, 8/9/2006)
� Anonymous Netflix vs IMDb database (Wired, 12/13/2007)
� Why Johnny Can’t Browse The Internet In Peace (Forbes, 

8/1/2012)
� How Companies Learn Your Secrets (NYT, 16/2/2012)
� Facebook–Cambridge Analytica scandal (The Guardian, 2017)



Performance: taming Big Data..

BIG DATA



Distribution of resources and services
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� Distributed Architecture 
� Clusters of computers that work together to a common goal
� Scale out not up! 

� Fault- tolerance 
� Resource replication
� Eventual consistency

� Distributed processing
� Shared-nothing model
� New programming paradigms



The Big Data Landscape
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NIST Big Data Reference Architecture
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The New Software Stack
� New programming environments designed to get their parallelism 

not from a supercomputer but from computing clusters
� Bottom of the stack: distributed file system (DFS)

� We have a winner! 
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On the top of HDFS
� Hundreds of different (high-level) 

programming solutions

� Three main scenarios:
� Analytics (batch)

� collecting, transforming, and modeling data with the goal of discovering useful 
information and supporting decision-making

� Append-only I/O, not necessarily persistent data, no ACID transactions
� Streaming (near-real-time)

� processing stream data (sequence of data elements made available over time) with the 
goal of monitoring and analyzing data on the fly via time windows

� Stream I/O, possibly persistent data for analytics, no ACID transactions
� Interactive (real-time)

� processing data and returning the results quickly to affect the environment at that time 
(e-commerce, search engines, booking, …)

� Read/write I/O, persistent data, (soft)ACID transactions
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The Big Data flow

Near-Real Time
Analysis

Data repository (HDFS)

Interactive 
application

(NoSQL,
NewSQL)

Real Time
Processing

Analytics 
(Spark,
Flink,

SQL-over-
Hadoop)

Batch
Analysis

Monitoring On-line applicationAnalytics

ETL

Streaming 
(Spark

Streaming,
Storm)

Data Sources
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The lambda architecture for analytics

Data-broker Layer
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Lambda vs kappa architecture
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A recent trend for Data Collection

Near-Real Time
Analysis

Data repository (HDFS)

Interactive 
application

(NoSQL,
NewSQL)

Real Time
Processing

Analytics 
(Spark,
Flink,

SQL-over-
Hadoop)

Batch
Analysis

Monitoring On-line applicationAnalytics

ETL

Streaming 
(Spark

Streaming,
Storm)

Data Sources
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Or better…

Near-Real Time
Analysis

Data repository (HDFS)

Interactive 
application

(NoSQL,
NewSQL)

Real Time
Processing

Analytics 
(Spark,
Flink,

SQL-over-
Hadoop)

Batch
Analysis

Monitoring On-line applicationAnalytics

Streaming 
(Spark

Streaming,
Storm)

Data Sources

EL
T TT



Data Lake
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“A data lake is a single store of all enterprise data including raw copies of source system
data used for tasks such as reporting, visualization, and analytics. A data lake can 

include structured data (relational tables), semi-structured data (CSV, 
logs, XML, JSON), unstructured data (emails, documents, PDFs) and binary

data (images, audio, video)”  - Wikipedia,  2020

“A data lake is a centralized repository that allows you to store all your structured and 
unstructured data at any scale. You can store your data as-is, without having to first 

structure the data, and run different types of analytics (from dashboards and 
visualizations to big data processing, real-time analytics, and machine learning) to guide 

better decisions.”  - AWS,  2020
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Data lake



The software stack for data analytics
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Data Sources

Ingestion1

Interactive 
application

(NoSQL,
NewSQL)

Analytics 
(Spark,
Flink,

SQL-over-
Hadoop)

Streaming 
(Spark

Streaming,
Storm)

Data repository (HDFS)

Storage2

Data (pre)processing (Spark/NoSQL+Python/Java)3

Monitoring On-line applicationAnalytics

Knowledge extraction (machine learning)4



Techniques for big data analysis
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� Extract, transform, and load (ETL)
� Data fusion and data integration
� Data Management (focus of the course)
� Analytics

� Data mining
� Association rule learning
� Classification 
� Cluster analysis
� Regression 

� Machine learning
� Supervised learning
� Unsupervised learning

� Crowdsourcing 
� …



Goals of analytics



Visualization is fundamental
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But be careful!!
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What’s wrong with this chart??



Data scientist: a brand new profession
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� Data Scientist: The Sexiest Job of the 21st Century [Harward 
Business Review 2013]

� Data scientist? A guide to 2015's hottest profession [Mashable 
2015]

� “It’s official – data scientist is the best job in America” [Forbes, 
2016]

Video

http://BigDataIsLove.mp4


Skills of data scientists
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After this course

80



Conclusions
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� We live in the era of Big Data
� Wide range of availability in different areas 
� Big opportunities to solve big problems
� They can create value 
� The challenge is how to manage and use them
� New technologies are needed
� Methodological aspects are important 
� A rapidly evolving area
� Data scientists: the current hottest profession in IT



So, let us face big data projects..
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..with a Bruce Willis attitude!
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