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UNIT I: INTRODUCTION TO BIG DATA AND HADOOP
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TYPES OF DIGITAL DATA

Digital data is information that is stored in binary form and can be processed by computers. It comes in different types:

1. Structured Data – This data follows a fixed format, like rows and columns in databases (e.g., MySQL tables).
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2. SEMI-STRUCTURED Data – This data doesn’t follow a strict format but still contains tags or markers to separate elements (e.g., XML, JSON).
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3. UNSTRUCTURED DATA – This includes data without a predefined model, such as images, videos, emails, social media content, etc.

Introduction to Big Data

Big Data refers to extremely large datasets that cannot be handled efficiently using traditional data processing tools. It is characterized by the 5 V’s:

Volume – Huge amount of data.

Velocity – Fast generation and processing of data.

Variety – Different types of data (text, audio, video).

Veracity – Uncertainty in data accuracy.

Value – Meaningful insights that can be extracted from data.
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BIG DATA REQUIRES ADVANCED tools and technologies to store, manage, and analyze efficiently.

Big Data Analytics

Big Data Analytics is the process of examining large datasets to uncover hidden patterns, correlations, and insights. It helps organizations in decision-making, predicting trends, and improving services. Tools like Hadoop, Spark, and R are commonly used for Big Data Analytics.

History of Hadoop

Hadoop started as a project by Doug Cutting and Mike Cafarella inspired by Google’s File System (GFS). It was later adopted by Yahoo and became an open-source Apache project. Hadoop was designed to store and process big data across clusters of computers using simple programming models.
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APACHE HADOOP

Apache Hadoop is an open-source framework that allows for distributed processing of large datasets across many computers using a simple programming model. It consists of:

HDFS (Hadoop Distributed File System) – For storage.

MapReduce – For processing.

YARN – For resource management.

Common Utilities – Shared tools and libraries.

Analyzing Data with Unix Tools

Before Hadoop, simple Unix tools like grep, awk, sort, and sed were used for analyzing log files and textual data. These tools are fast for small datasets but not scalable for big data due to memory and processing limits.
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ANALYZING DATA WITH Hadoop

Hadoop enables analysis of large data sets in a distributed manner. It breaks down large data into smaller chunks, stores them in HDFS, and processes them in parallel using MapReduce. This allows faster and efficient data analysis compared to traditional methods.

Hadoop Streaming

Hadoop Streaming is a utility that allows users to create and run MapReduce jobs with any executable or script as the mapper and/or reducer. It supports languages like Python, Perl, or even shell scripts. This makes it flexible for developers who are not familiar with Java.

Hadoop Ecosystem

The Hadoop ecosystem is a collection of tools and services built around Hadoop to perform various data processing tasks. Key components include:

Pig – High-level data flow language.

Hive – SQL-like query engine for Hadoop.

HBase – NoSQL database.

Sqoop – Data transfer between Hadoop and relational databases.

Flume – Ingesting log and event data.

Zookeeper – Coordination service.

Oozie – Workflow scheduler.

IBM Big Data Strategy

IBM focuses on using Big Data to generate insights and drive innovation. Their strategy includes:

Providing scalable platforms like IBM InfoSphere BigInsights.

Offering tools for real-time analytics.

Integrating Hadoop with enterprise systems.

Ensuring security and governance for big data.

Introduction to InfoSphere BigInsights and BigSheets

IBM InfoSphere BigInsights is IBM’s Big Data platform built on Apache Hadoop. It provides enterprise-grade features like analytics, visualization, and security.

BigSheets is a web-based spreadsheet tool included in BigInsights that allows non-programmers to analyze big data using a familiar Excel-like interface.
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UNIT II: HDFS (Hadoop Distributed File System)
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THE DESIGN OF HDFS

HDFS stands for Hadoop Distributed File System, which is a core part of the Hadoop framework. It is specially designed to store very large files across a network of machines in a distributed manner. The goal of HDFS is to provide reliable, fault-tolerant, and high-throughput access to data.

HDFS follows a master-slave architecture. The master is called the NameNode, and the slaves are called DataNodes. The NameNode is responsible for managing the file system namespace, such as keeping track of the files, directories, and metadata (information about data like file permissions, size, and location). The actual data is stored in the DataNodes in the form of blocks. By default, each file is broken into 128MB blocks and stored across different DataNodes. These blocks are also replicated (default replication factor is 3) to handle failures and ensure data reliability. If one node fails, the same data can be accessed from its replica.

HDFS Concepts

Several key concepts form the foundation of HDFS:

Blocks: Files are split into blocks (usually 128 MB or 256 MB) and stored separately.

Replication: Each block is stored in multiple nodes (default is 3 copies) to ensure fault tolerance.

Write-once, read-many: HDFS is optimized for applications where files are written once and read many times.

High throughput: HDFS is built for high data transfer rates rather than low latency.

Fault Tolerance: It can recover from DataNode failures automatically using replicas.

Command Line Interface (CLI)

HDFS provides a powerful command-line interface that allows users to interact with the file system using shell commands. Some basic commands include:

hdfs dfs -ls / – List the contents of a directory

hdfs dfs -put localfile /hdfs/path/ – Upload a file from the local system to HDFS

hdfs dfs -get /hdfs/file localdir/ – Download a file from HDFS to the local file system

hdfs dfs -rm /file – Delete a file from HDFS
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THESE COMMANDS HELP users perform day-to-day operations such as copying files, checking file status, and managing the HDFS file system.

Hadoop File System Interfaces

Hadoop offers various interfaces to interact with HDFS:

1. Command Line Interface (CLI) – As discussed above, it allows direct file operations.
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2. JAVA API – DEVELOPERS can write Java programs to read/write data into HDFS using FileSystem class.
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3. HDFS WEB UI – A browser-based user interface that displays information about NameNode, DataNodes, storage usage, etc.
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4. BROWSER-BASED FILE Access – HDFS files can also be accessed via REST APIs (like WebHDFS).
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5. FS SHELL – IT PROVIDES shell-like commands for file operations similar to Unix.

Data Flow in HDFS
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THE DATA FLOW IN HDFS describes how data is written and read. When a user uploads a file:

The client first communicates with the NameNode to get the location of available DataNodes.

The file is split into blocks, and the client sends each block to the designated DataNodes.

The block is stored in the first DataNode, which then forwards it to the second, and then the third (this is called pipeline replication).

The NameNode keeps metadata about where each block of the file is stored.
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WHEN READING A FILE, the client again contacts the NameNode to get the list of DataNodes holding the blocks and then retrieves the blocks directly from the DataNodes.

Data Ingest with Flume and Sqoop

Getting data into Hadoop is known as data ingestion. Hadoop supports two popular tools for this:

Flume: Flume is used to collect, aggregate, and move large volumes of log data from various sources like web servers into HDFS. It is reliable and can handle streaming data in real-time. It uses agents that define source, channel, and sink to transport the data.

Sqoop: Sqoop (SQL-to-Hadoop) is used for importing and exporting data between Hadoop and relational databases like MySQL, Oracle, and SQL Server. It can import tables from RDBMS into HDFS as text files or Avro formats and can also export processed data back into relational databases.

Hadoop Archives (HAR)

Hadoop Archives (HAR) are used to manage a large number of small files in HDFS. Normally, HDFS works best with large files. When there are too many small files, it creates problems for the NameNode, which stores metadata. HAR combines many small files into a single file structure, reducing the load on the NameNode. Although HAR helps in space optimization, reading performance may be slightly reduced.

Hadoop I/O: Compression, Serialization, Avro, and File-Based Data Structures

Compression: Hadoop supports compression to save storage space and improve performance. Compressed files reduce the amount of data transferred between HDFS and MapReduce. Some common compression formats are Gzip, Bzip2, Snappy, and LZO. Compression can be used at input, intermediate, and output stages.

Serialization: Serialization is the process of converting objects into a byte stream for storage or transmission. Hadoop uses Writable classes for serialization. Custom data types must implement the Writable and WritableComparable interfaces to work with Hadoop jobs.
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AVRO: AVRO IS A ROW-based serialization framework developed within the Hadoop ecosystem. It supports schema evolution, which means you can change the structure of data without breaking the existing processing. Avro files are compact, fast, and suitable for interchanging data between different languages and systems.

File-Based Data Structures: Hadoop supports different file formats to store and process data efficiently:

Text Files: Simple and human-readable but not optimized for large-scale processing.

Sequence Files: Binary files that store data as key-value pairs. Used within MapReduce.

Avro Files: Compact and suitable for long-term data storage.

Parquet/ORC: Columnar storage formats optimized for queries (mostly used with Hive and Spark).
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