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Session Overview

 What is Big Data

* The 5 Vs of Big Data

* Importance for Business

e Sustainability Applications

* Technologies: Hadoop, Spark, NoSQL
* Case Studies & Discussion
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OBJECTIVES
o

* Understand Big Data concepts

|dentify the 5 characteristics (5Vs)
Recognize business value

* Understand sustainability applications

* Explore key technologies used in Big Data

-

il

Learning
Goals .
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What is Big Data?

* Big Data refers to extremely large datasets
that may be analyzed computationally to
reveal patterns, trends, and associations,
especially relating to human behavior and
business operations.
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Why Big Data Matters

* Massive data generation

e Better decision making
 Competitive advantage

* Predictive insights

* Automation and efficiency
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The 5 Vs of Big Data

VOLUME VELOCITY VARIETY VERACITY VALUE
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Volume
2&:’ ideR

* Volume refers to the ‘()1 >
enormous amount of data
generated every second
from multiple sources such
as social media, sensors,
transactions, and devices. .
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Global data volume

Data volume in zetabytes
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Global Online Commerce, 2012 to e2020
(In US$ billions)

Volume Examples

Digital goods

B Mobile retail
commerce

* E-commerce transactions

B E-commerce

* Social media posts

e |loT dat -
O Sensor a a 2012 2013 2014 e2015 e2016 e2017 2018 e2019 e2020

The number of 10T devices is forecast to more than
double from 19.8 billion in 2025 to over 40.6 billion

by 2034.
* Video streaming platforms
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Velocity

* Velocity refers to the
speed at which data is
generated, processed,
and analyzed.
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Real-time stock market data

VeIOCIty Online recommendation systems
Exa m p I es Fraud detection systems

loT device monitoring
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Variety

e Variety refers to the
different types and
formats of data:

t t d I Q‘E%e?&%

SR o L accommero, L NG
THE DATA, THAT IDEA UR

structured, and WILL NEVER WORK. DATA?  FOR YEARS.

unstructured.

® markefoonist.com
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Variety Examples

Databases oo o
(structured) ol
JSON XML SN N
{ <person> JSO N/XML
“"name" <name>John Doe
Jonn Doe” iy (semi-structured)
age <city>New York
“"New York" </person>
}

Videos, images, emails
(unstructured)
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Veracity

* Veracity refers to the VIV

— reliability, D D

— accuracy, and @ oAl iy

— quality of data. ?‘

|

FUNNY STORY. | RAN SOME TESTS AND
[T TURNS OUT THAT RANDOM DATA IS
MORE ACCURATE THAN OUR DATA..
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Challenges of Veracity

* Incomplete data

AI gives us real-time
insights from all
our dato.

Amazing!
Whot data? w\l

* Inconsistent sources

e Noise in datasets
Bias and misinformation

® marketoonist.com
([ ]
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Value

MONETIZING B6 DATA . VaIue.refers.to.the
meaningful insights and

business benefits
extracted from Big Data.

ERESH DATA
lek 25¢
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Examples of Value

* Customer insights
* Predictive maintenance
* Personalized marketing

* Risk analysis
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Big Data in Business

* QOrganizations use Big
Data to

o [T e | e — optimize operations,
RO O B DT (6 RLONGES WHENEVER 10 | | EATE YOUR AP :
N0 ([ R i — Improve customer
™~ g il experiences, and
6 §
g\, % 4 Iy : — develop new products
i I : and services.
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Business Applications

* Customer analytics

e Supply chain optimization
* Fraud detection

* Marketing optimization
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Competitive Advantage

 Companies that effectively use Big Data can
make faster and smarter decisions than

competitors.

“So far, our Big Data
investments have just
made your stupidity
more scalable...”
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Big Data and Sustainability

* Big Data supports sustainable development by
improving resource efficiency and enabling
better environmental monitoring.

AT LEAST WE

MADE A LOT OF
MONEY BEFORE
DESTROYING THE YEAH! WHAT'S
ENVIRONMENT.. J© | 'FOR DINNER |
DAD?

lllustration by Alexandre Magnin - Sustainabilityillustrated.com
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Sustainability Applications

Smart cities
* Energy optimization

Climate monitoring

Sustainable agriculture

ARE YOU PART OF THE PROBLEM
OR PART OF THE SOLUTION?
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Example: Smart Cities

e Data from sensors helps manage traffic,
energy use, and waste management
efficiently.

Integrated \-.\’ Cloud and o Logistics
Operations -‘ﬁ“;h ~ Services . Optimization
>

Center { e r : — o) y
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o

Traffic Flow
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Example: Energy Sector

* Big Data enables prediction of energy demand
and optimization of renewable energy usage.
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Big Data Architecture Overview

* Typical architecture includes:
— data sources,
— storage systemes,
— processing frameworks, and
— analytics tools.
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Key Technologies in Big Data

 Hadoop

e Apache Spark
* NoSQL Databases

SQL NoSQL

=3 K
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Hadoop Overview

* Hadoop is an open-source framework that
allows distributed storage and processing of
large datasets across clusters of computers.
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Hadoop Components

 HDFS (Hadoop Distributed File System)
 MapReduce

* Apache Hadoop YARN

* https://hadoop.apache.org/

APACHE
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HDFS (Hadoop Distributed File System)

* the primary storage system used
by Hadoop applications.

| open saurce ramewor

e works by rapidly transferring data
between nodes.

e often used by companies who
need to handle and store big
data.

* is a key component of many
Hadoop systems, as it provides a
means for managing big data, as
well as supporting big data
analytics.
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MapReduce

 MapReduce: A programming model for processing
large datasets

e Big Data Processing: Designed to handle massive
amounts of data

e Parallel Processing: Tasks are executed simultaneously

* Distributed Computing: Work is divided across multiple
machines

* Cluster Environment: Runs on a group of
interconnected computers

https://hadoop.apache.org/docs/stable/hadoop-mapreduce-client/hadoop-mapreduce-client-core/MapReduceTutorial.html
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Apache Hadoop YARN

Apache Hadoop YARN Concept: Separates
resource management from job scheduling
and monitoring

ResourceManager (RM): Global authority
that allocates and manages cluster resources

NodeManager (NM): Runs on each machine
and manages containers and monitors
resources (CPU, memory, disk, network)

ApplicationMaster (AM): Created per
application to request resources and manage
task execution

Applications: Can be a single job or a DAG
(Directed Acyclic Graph) of jobs

MapReduce Status ——»

Framework Structure: ResourceManager + Job Submission
NodeManager form the cluster resource Node Status
management framework Resource Requeat ----------

https://hadoop.apache.org/docs/stable/hadoop-yarn/hadoop-yarn-site/YARN.html
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Apache Spark Overview

* Apache Spark is a fast distributed data
processing engine designed for large-scale
data analytics.

Spar
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Spark Advantages

* Faster than Hadoop MapReduce
* Real-time processing

* [n-memory computation
e Supports machine learning
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NoSQL Databases

* NoSQL databases are designed to store and
manage unstructured or semi-structured data
at scale.
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Types of NoSQL

Document

Table

] Neme | Grade | GPA
oot Jahn Sanins 400
02 Karen |Froshman | 367
oo3 gil Juniss 333

Wide-column

Ry ol
1o Nama | Grads | GPA
[ Join S=nw 400
2 Karen |Sestomn | AHT

a3 Bill aiar 333
Calimnonentad
Name %) Grade D GPA 2
Jahr o Sonor o 4.00 oo
Karen a0z Fresimam a0z 487 a0z
lime 03
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NoSQL Examples

MongoDB Type

Exam ple

e Cassandra
 redie . Key-Value Store . redls w rI a k
Neo4j Wide Column Store TD

- HBASE cassandra
: r=

Cou chDB |

Document Store . mongo DB

The Distributed Graph Database

Graph Store NEO4_] i] ‘ﬁ:ﬁ ni w*‘GI"aph

‘! Carlos J. Costa (ISEG) 2025/26 - 35



Big Data Processing Workflow

. Data Collection
. Data Storage

1

2

3. Data Processing
4. Data Analysis
5

. Visualization
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Case Study Example

* Retail companies analyze
purchasing patterns to
personalize
recommendations and KEY APPLICATIONS OF BIG DATA IN RETAIL
improve sales.

Customer Smart Dynamic Enhanced Fraud
Personalization  Inventory Pricing CX Detection
+40% Revenue Optimizing Adjusting Improving Mitigating
with Personalization  stock levels  prices in real satisfaction risks

—McKinsey time

* https://data.folio3.com/bl
og/big-data-in-retail-
industry/
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Challenges of Blg Data

WATCHING THIS IS
A GROSS
VIOLATION

* Data privacy vl SyN ) et
* Security
* |Infrastructure costs

* Data governance

=

“We have a VP of Records Management, but we don’t “I’m sure there are better ways to disguise sensitive
know who it is because nobody can locate the file.” information, but we don’t have a big budget.”
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Future of Big Data

* Al integration

HAVE YOU FIGURED
OUT HOW Al WILL

IMPACT OUR
BUSINESS? WORKING
\ ON IT.

How will Al impact \

our business?

There ace many ways
that Al can impactll

® marketoonist.com

®6o
i

ALFRED. | ANAWZED cRIME TRENDS AND PATTERNS
AND T Ltoos UKE A SEconD WEEK oF MAY
Wit BE THE BEST TIHE FOR A Quick HOLIDAY,

E Dataedo Fol@Darfasddo

Real-time analytics

2025/26 -39
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Future of Big Data

° Edge Computing “| deployed edge computing

like you asked.”
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Discussion Activity

* Discuss examples of Big Data usage in your
industry or daily life.
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Summary

* Big Data defined by the 5Vs
e Critical for business innovation
e Supports sustainability

* Powered by technologies like Hadoop, Spark,
and NoSQL
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Questions

* Thank youl!
 Questions and discussion.
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