Big Data Technologies
8.1 Introduction to Big Data
8.1.1 What is Big Data?
Large datasets that are challenging to handle with conventional data p roces sing tools and applications are referred to as "big data." The volume, velocity, and variety of these datasets define them.
Table 1: Characteristics of Big Data

	Characteristics
	Description
	Example

	Volume
	arge quantity of ata
	Petabytes or exabytes of data

	e  Vlocity
	apid generation DJ processing of ata
	Real-time data streams from loT devices

	Variety
	iverse data on-riats and types
	Structured data (e.g_, databases), semistructured data (e.g., JSON), unstructured data (e.g,, text, images)



Key Points:
· Big data encompasses not only the volume of data but also its complexity and the requirement for specialist tools to handle it.
· The multitude, speed, and diversity of big data might pose difficulties for conventional data processing systems.
· Big data presents fresh chances for understanding and creativity.
8.1.2 Why SQL Can't Handle Big Data
Big data's volume, velocity, and variety are difficult for traditional SQL databases to manage because they were made for structured data. The following are a few of the restrictions:
Scalability Issues
· Horizontal Scaling: The usual method of scaling SQL databases vertically is to add more potent hardware. This may grow costly and scarce.

· Performance Bottlenecks: SQL searches may become less effective and slower as data amounts increase.
Schema Rigidity
· Predefined Schema: Unstructured or semi-structured data is challenging to manage with SQL since it necessitates a predetermined schema.
· Data Evolution: Data schema modifications can be difficult and time-consuming. Batch Processing
· Inefficient for Real-time Analysis: Usually intended for batch processing, SQL databases can be ineffective for real-time analytics.
Cost
· Hardware and Software Costs: The cost ofmanaging large SQL databases can be high because of the necessary software and hardware.
Example: Social Media Data
Imagine a social media site where millions of p osts, likes, and comments are made each day.
· Schema Rigidity: Unstructured text, pictures, and videos could be included in the data; these types ofmedia are challenging to express in a conventional relational database model.
· Scalability: The volume of data may quickly outgrow the capacity ofa single SQL server.
· Real-time Analysis: A more effective processing paradigm is needed for real-time social media data analysis than for batch processing.
In essence, big data involves huge, diversified, and dynamic datasets, and while SQL databases are effective tools for managing structured data, they are not well-suited for handling these types of datasets.
8.1.3 Big Data Ecosystem
Large datasets can be processed and analyzed with the help of a variety of
tools and technologies that make up the big data ecosystem. Important elements consist of:
Data Ingestion
· Data Sources: Create or gather data from a range of sources, including weblogs, databases, sensors, and social media.

· Data Extraction: Utilize tools such as Apache Kafka, Flume, and Sqoop to extract data from these sources.
Data Storage
· Hadoop Distributed File System (HDFS): A distributed file system that can store big datasets on several different nodes.
· NoSQL Databases: Databases that can manage unstructured or semi-structured data, such as MongoDB, Cassandra, and HBase.
· Data Warehouses: Data management and storage systems that are centralized for analysis.
Data Processing
· Hadoop MapReduce: A programming paradigm for parallel processing of big datasets.
· Apache Spark: A multifunctional, quick cluster computing system.
· Dataflow Frameworks: Frameworks for processing streaming data, such as Apache Beam and Apache Flink
Data Analysis
· Data Mining: Identifying trends and patterns in big datasets.
· Machine Learning: Constructing models to forecast and learn from data.
· Statistical Analysis: Using statistical techniques to examine information. Data Visualization
· Data Visualization Tools: Tools for creating data visualizations include Tableau, Power BI, and Python libraries (such Matplotlib, Seaborn). Diagram: Big Data Ecosystem
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Diagram illustrating the data intake, storage, processing, analysis, and display components of a big data ecosystem
Case Scenario: Analyzing Customer Behavior

A retail business seeks to better target recommendations and enhance marketing efforts through behavior analysis.
· Data Ingestion: Gather information from a range of sources, including social media, customer surveys, and point-of-sale systems.
· Data Storage: Organize the data into a No SQL database or a data warehouse.
· Data Processing: Analyze client preferences, demographics, and p urchasing history using tools like Spark or MapReduce.
· Data Analysis: Utilize data mining tools to find trends and client groupings.
· Data Visualization: Construct visual aids to comprehend consumer behavior and spot areas that could benefit from focused advertising.
The retail organization can enhance their business operations and obtain useful insights into client behavior by utilizing the big data ecosystem.
8.2 Hadoop Framework
The distributed computing framework Hadoop is made to manage large amounts of data effectively. Originally created by Yahoo!, it is currently an Apache Software Foundation open-source project. When managing enormous datasets that are too massive to fit on a single machine, Hadoop is especially well-suited.
8.2.1 Understanding Hadoop Architecture
Across numerous nodes, Hadoop is an effective tool for organizing and analyzing large datasets. It is made up of two main parts:
1. Hadoop Distributed File System (HDFS):
· Purpose: Stores information in a fault-tolerant way across several commodity servers.
Table: HDFS Components antl Functions

	Component
	Function

	NameNode
	Manages the HDFS namespace, tracks data block locations_ 'and handles client requests.

	Datallode
	Stores data blocks., reports block status to the NameNotle and handles block creation, deletion, and replication.



· Features:
· Replication: For redundancy and fault tolerance, data is copied among several Datallodes.
· Rack awareness: To reduce network traffic, HDFS is aware of Datallodes' precise locations.
· Write-ahead logging: To guarantee data consistency, filesystem changes are noted before they are implemented.
2. MapReduce:
· Purpose: Any programming approach designed to handle big datasets in parallel.
Table: MapReduce Components and Functions

	Component
	Function

	JobTracker
	Schedules MapReduce jobs, monitors task progress, and handles task failures.

	TaskTracker
	Executes MapReduce tasks and reports task status to the JobTracker.



· Process:
· Map phase: Divides the input data into pairs of keys and values.
· Shuffle phase: Distributes intermediate key-value pairs differently according on the output key.
· Reduce phase: Combines key-value pairs that have the same key and executes an aggregation function that the user has specified.
Diagram: MapReduce Process
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