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Introduction 

• Big Data is all about (big) data

• Big Data is not a trend but concepts and technologies that are already endorsed
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History of Big Data 

Algorithms, ~800

Babbage, 1822

Computer ENIAC 1943

IBM 305 RAMAC, 1956

Founder of mathematical 
abstractions and algorithms

5 tons : computes 16 digits 
& 6 orders of difference

167 m2, 50 tons

9 x15 m2, 1 tons
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History of Big Data 

Parallel computing,1975

Algorithms, ~800

Babbage, 1822

Computer ENIAC 1943

IBM 305 RAMAC, 1956

Distributed computing
~1980

Cloud computing

Big Data

Transform data to 
information

160 MFlops and up
Memory : 1 MB-32 MB

Data explosion & HPC

Distributed computation 
& storage
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Volume generation

• Every day, 2.5 trillion bytes of data are generated

• 90% of the data created in the world have been generated in the last 2 years

• Forecast growth of 800% in the amount of data to be processed within 5 years

Diversity of sources:

• sensors, social media, images, videos, online shopping, GPS signals
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History of Big Data 
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• The company Air Bus generates 10 TB every 30 minutes.

• About 640 TB of data are generated for each flight.

History of Big Data : Examples 

• Facebook generates about 500 TB of data every day.

• Boeing 737 generate 240 TB of data for each flight.
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Who owns the information, owns the world

Francis Bacon

Definitions 

Literally

Massive volume of structured or non-structured data (Datamasse)

Conceptually

Big Data vulgarizes both the representation of large data volumes and the related

infrastructures related to the treatment of these data.
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What is Big Data?

Name Symbole Value

Kilobyte KB 103

Megabyte MB 106

Gigabyte GB 109

Terrabyte TB 1012

Petabyte PB 1015

Exabyte EB 1018

Zettabyte ZB 1021

Yottabyte YB 1024
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What is Big Data?

Big Data
Data that become very 
difficult to handle with 

traditional systems
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Difficult to process by Traditionel System

100 MB Document 100 GB Image

Unable to 
send

Unable to 
visualize

Tous Dépend le 
Système?
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The 4V of Big Data 
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Volume :

Continuous growth of data of any type and size (in Terabytes or even in

Petabytes)

Variety :

Treatment of structured and unstructured data that require a collective analysis

(databases, texts, sensors data, sounds, videos, paths, files, newspapers, etc.)

Velocity:

Use and exploitation of data in real time (exp. detection of fraud, etc.)

Veracity:

Management of the reliability and veracity of inaccurate and predictive data

The 4V of Big Data 
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BIG DATA : Open Source actors 

• The major actors of the web such as Google, Yahoo, Facebook, Twitter, LinkedIn

… were the first actors confronted with very large volumes of data.

• They were at the origin of the first innovations in this field of Big Data within two

types of technologies:

 NoSql databases

 Platforms of data development and treatment

The majority of these companies decided to open these internal developments to

the Open Source world

Example : Hadoop from Apache foundation integrated to the Big Data offers of IBM,

Oracle, Microsoft, EMC …

Technologies of Big Data 
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Technologies of Big Data 

Company Developed 

technology

Type of technology

Google

Big Table

Distributed database system based on GFS (Google File System). Non-open source technology, which inspired the open source

HBase.

MapReduce Platform of development and distributed treatment.

Yahoo

Hadoop Java Platform for distributed applications and intensive data management. Originally derived from google Big Table, MapReduce,

and Google File System.

S4

Development platform dedicated to continuous data flow processing applications

Facebook

Cassandra NoSQL and distributed Database 

Hive Software of data analysis using Hadoop

Twitter

Storm Platform of massive data treatment

FlockDB Distributed database of type graph

LinkedIn

Kafka Distributed system of messages management

SenseiDB Real time distributed and semi-structured database 

Voldemort Distributed database for very large volumes

Open source technologies of Big Data [Lavoisier]
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The bases of Big Data : HADOOP/MAPREDUCE

Hadoop
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• Hadoop is an open source framework known for its power of

indexing, transforming, researching or developing models on

very large volumes of data.

• Hadoop offers distributed treatment of large datasets through

clusters of computers using simple programming models.

The bases of Big Data : HADOOP
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Characteristic of Hadoop

Scalable Profitable Flexible Resilient
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Architecture

HDFS MapReduce
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• Distributed, extensible and portable file system developed by Hadoop

• Based on the Map Reduce principle from Google File System

• Written in Java and designed to store large volumes of data on low
costly distributed machines (equipped with common hard disks)

• Abstraction of the physical storage architecture in order to
manipulate a distributed file system as if is was a single hard disk

• Many companies use Hadoop such as : Adobe, AOL, Bing (Microsoft),
eBay, Facebook, Google, IBM, LinkedIn, Twitter, Yahoo, Spotify, etc.

HDFS (Hadoop Distributed File System)
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An HDFS machine architecture (or HDFS cluster) is based on two major

components :

a. NameNode

b. DataNode

HDFS (Hadoop Distributed File System)
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HDFS (Hadoop Distributed File System)
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NameNode 

• This component manages the namespace, the file system tree,
metadata and directories.

• It centralizes the location of the data blocks, distributed in the cluster.

• It is unique but has a secondary instance that handles the history of
changes in the file system (backup role).

• This Secondary NameNode allows the Hadoop cluster to continue
functioning in the event of a failure of the original NameNode

HDFS (Hadoop Distributed File System)
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DataNode

• This component stores and restores (restitutes) the data blocks.

• During the process of reading a file, the NameNode is queried to
locate all of the data blocks.

• For each of them, the NameNode returns the address of the most
accessible DataNode, ie the DataNode which has the highest
bandwidth.

• The DataNodes periodically communicate to the NameNode the list
of data blocks that they host.

HDFS (Hadoop Distributed File System)
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• Each DataNode serves as a data block on the network using an HDFS-
specific protocol.

• The file system uses the TCP/IP layer for communication. Customers
use the Remote Procedure Call to communicate with each other.

• The HDFS stores large files on multiple machines. It achieves
reliability by replicating data across multiple hosts and therefore does
not require RAID storage on hosts.

• With the default replication value, the data is stored on three nodes:
two on the same support and the other on a different support.

• DataNodes can communicate with each other to rebalance data and
maintain a high level of data replication.

HDFS (Hadoop Distributed File System)
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• HDFS has recently improved its capacities of high availability, which
allows the primary metadata server to be manually switched to a
backup in case of failure.

• Since the NameNodes are the unique point for storing and managing
metadata, they can be a bottleneck to support a large number of
files, especially when they are small.

• By accepting multiple namespaces served by separate NameNodes,

the HDFS limits this problem.

HDFS (Hadoop Distributed File System)
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HDFS (Hadoop Distributed File System)
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• It presents a major role in the processing of large amounts of data.

• The distribution of data within servers allows the parallel processing
of several tasks, each one dealing with its files.

• The Map function performs a specific operation on each element.

• The Reduce operation combines the elements according to a
particular algorithm, and provide the result.

• The delegation principle can be recursive: the nodes to which tasks
are entrusted can also delegate operations to other nodes.

Map Reduce
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Map: this step performs a specific operation on each element of the
input list. From a list in the form (key, value), it generates an output list in
the same form

Map
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Reduce: the operation between the Mapping and the Reducing is called
the Shuffling, and rearranges the items in the list to prepare the
Reducing. The desired processing is then carried out, giving the following
final output

Reduce
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Example
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Les Map sont des conteneurs associatifs qui stockent des éléments
formés d'une combinaison d'une valeur de clé et d'une valeur mappée,
suivant un ordre spécifique.
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Example
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NoSQL
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What is NoSQL

NoSQL
System of Database 

management
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NoSQL Databases

Relational 
Database

NoSQL Database

Problem :
Unable to manage 

BigData

Recently
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Objective

NoSQL

Scalable

Performance

High disponibility
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NoSQL
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• These data types do not require the table structure and even
the joins between these tables

• The NoSQL database system must be non-relational,
distributed, open source and horizontally scalable.

• Actually there over 25 types of NoSQL databeses, each with
their own caracteristics that are based on different scenarios
such as : HBase, Cassandra, Hypertable, SimpleDB,
MongoDB, CouchDB, DynamoDB, Redis, Ne04J, etc.
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SQL and NoSQL requests
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Types of NoSQL Databes
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Kay-Value Document Wide column Graph

39
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Types of NoSQL Databes
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Types of NoSQL Databes : Key-Value
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Types of NoSQL Databes : Key-Value
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Types of NoSQL Databes : Document
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Types of NoSQL Databes : Document
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Types of NoSQL Databes : Wide column
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Types of NoSQL Databes : Wide column

Line-oriented storage
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Column-oriented storage

Types of NoSQL Databes : Wide column



Université de Mons 48Sidi Ahmed Mahmoudi                                      Computer Science Department. Faculté polytechnique

Types of NoSQL Databes : Graph
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Types of NoSQL Databes : Graph
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When to Use ?

The possibility of storing and 
recovering large quantities of data

The storage of relationships 
between elements is not important

Non structured data or data that 
change with time

Rapid prototypes or applications 
that need to be developed
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SQL to NoSQL

SQL Terms/Concepts MongoDB Terms/Concepts

Database Database

Table Collection/ bunch of documents

Row Document

Column Field

Index Index

Primary key _i d

Table joins Embedded documents and linking
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• Data management is at the heart of Big Data

• The 3Vs of 4Vs relevant throughout the entire workflow

• No one DB fits all

• Big Data is the future

Conclusion
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