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The process of analyzing data to uncover insights, patterns, and

Analytics . .. .
y trends that inform decision-making.

saL Structured Query Language is a domain-specific language used to
manage data
A category of database systems that do not adhere to the traditional

NoSQL relational database model, often used for large-scale distributed
data storage and processing.

Had An open-source framework for distributed storage and processing

adoo
P of large datasets across clusters of computers.

A programming model for processing and generating large datasets

MapReduce . prog 9 - P J g g1arg
in parallel across distributed clusters.

YARN Yet. Another. Resource. Negotiator. Yarn is one of the main

Aggregate Data

JavaScript package managers

An aggregate is a collection of data that we interact with as a unit.
These units of data or aggregates form the boundaries for ACID
operation

HDFS Hadoop Distributed File System
Apache Pig is a high-level platform for creating programs that run on
Pig, Pig Latin Apache Hadoop. Pig Latin is the name of the language used inside
Apache Pig
A data warehousing infrastructure built on top of Hadoop for
Hive querying and analyzing large datasets stored in Hadoop Distributed
File System (HDFS).
Application Programming Interface - A set of rules and protocols
API that allow different software applications to communicate with each
other.
Business Technologies, applications, and practices for collecting, integrating,
. analyzing, and presenting business information to support decision-
Intelligence

making.

SAQs

1) List the 5 Vs of Big Data
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» Volume: Refers to the vast amount of data generated or collected by
organizations. Big data involves processing and analyzing large volumes of
data.

o Velocity: Describes the speed at which data is generated, collected, and
processed. Big data analytics often deal with real-time or near-real-time
data streams.

» Variety: Indicates the diverse types of data, including structured, semi-
structured, and unstructured data, such as text, images, videos, sensor
data, etc.

o Veracity: Refers to the reliability and accuracy of data. Big data analytics
often deals with data of varying quality, including noisy, incomplete, or
inconsistent data.

« Value: Emphasizes the importance of extracting actionable insights and
value from big data to drive decision-making, innovation, and business
outcomes.

2) What do you mean by Big Data Analytics?
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Big Data Analytics involves the process of examining large and varied datasets
to uncover hidden patterns, unknown correlations, market trends, customer
preferences, and other valuable business insights. It encompasses a range of
techniques and tools, including statistical analysis, data mining, machine
learning, and predictive analytics, to extract meaningful information from big
data and support decision-making processes

3) List applications of BDA
o Predictive Analytics
o Customer Relationship Management (CRM)
e Fraud Detection and Prevention
o Healthcare Analytics
o Sentiment Analysis
e Supply Chain Management
o Smart Cities and Urban Planning

o Personalized Marketing and Recommendation Systems

4) List out any 5 important components of the
Hadoop Ecosystem
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« Hadoop Distributed File System (HDFS)
 MapReduce

* YARN (Yet Another Resource Negotiator)
o Apache Hive

» Apache Pig

e Apache HBase

e Apache Spark

o Apache ZooKeeper

e Apache Sqoop

e Apache Kafka

5) Write about FSDataOutputStream

Fspataoutputstrean IS @ class in Hadoop's filesystem (FS) package that represents
an output stream for writing data to a file in a Hadoop filesystem, such as
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HDFS. It provides methods for writing various data types, such as bytes,
integers, and strings, to a file in a distributed environment. This class is
commonly used in Hadoop MapReduce jobs for writing intermediate and final
outputs to HDFS.

6) Define NoSQL.

NoSQL, or "Not Only SQL," refers to a family of database management systems
that offer flexible data models and horizontal scalability. Unlike traditional
relational databases, NoSQL databases are designed to handle large volumes
of unstructured or semi-structured data and support distributed architectures.
NoSQL databases use various data models, including key-value stores,
document stores, column-family stores, and graph databases, to address
different use cases and requirements.

7) Define Hadoop MapReduce Paradigm

Hadoop MapReduce is a programming model and processing engine for
distributed data processing in the Hadoop ecosystem. It comprises two main
phases:

 Map Phase: In this phase, input data is divided into smaller chunks and
processed in parallel by multiple map tasks. Each map task processes a
portion of the input data and produces intermediate key-value pairs.

» Reduce Phase: In this phase, intermediate key-value pairs produced by the
map tasks are shuffled, sorted, and aggregated based on their keys. The
reduced tasks then process the grouped key-value pairs to generate the
final output.

8) What is a Block? List two advantages of it

In Hadoop, a block refers to a contiguous segment of data stored on a Hadoop
Distributed File System (HDFS). It is the minimum unit of storage in HDFS,
typically ranging from 64 MB to 128 MB in size. Two advantages of using
blocks in HDFS are:

« Data Distribution: Data stored in HDFS is divided into blocks and
distributed across multiple nodes in a cluster, enabling parallel processing
and fault tolerance.
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e Replication: HDFS replicates each block multiple times (usually three times)
across different nodes in the cluster to ensure data reliability and fault
tolerance.

9) Define Job Tracker and Task Switcher

o Job Tracker: In the classic MapReduce architecture of Hadoop 1.x, the Job
Tracker was responsible for managing and scheduling MapReduce jobs
submitted to the cluster. It tracked the progress of jobs, assigned tasks to
Task Trackers, and monitored task execution.

o Task Tracker: Task Trackers were worker nodes in the Hadoop cluster
responsible for executing Map and Reduce tasks as assigned by the Job
Tracker. They reported task status and progress back to the Job Tracker.
Task Trackers were part of the DataNodes in the cluster and were
responsible for data processing tasks.

10) What is Master-Slave Replication?

o Master: The master server is the primary server responsible for processing
write operations (inserts, updates, deletes) and propagating changes to the
slave servers.

o Slave: Slave servers replicate data from the master and are used for read
operations. They maintain a copy of the data stored on the master and can
serve read requests to offload read operations from the master.

1) List and Explain any two methods of running pig
scripts

e Local Mode: In Local Mode, Pig scripts are executed on a single machine
using the local file system. It is suitable for development, testing, and small-
scale data processing tasks. To run a Pig script in local mode, you use the

-x flag followed by 1ocal .

 MapReduce Mode: In MapReduce Mode, Pig scripts are executed on a
Hadoop cluster using MapReduce jobs. Pig translates Pig Latin scripts into
a series of MapReduce jobs, which are then submitted to the Hadoop
cluster for execution. To run a Pig script in MapReduce mode, you simply
execute the script without specifying any mode.
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12) What is Peer-To-Peer Replication?

Peer-to-peer replication is a data replication technique where multiple database
servers (peers) maintain copies of data and synchronize changes with each
other. Unlike master-slave replication, there is no central server; each peer can
act as both a data source and a data destination.

13) List different types of Hive meta store

1. Embedded Metastore: The megastore is embedded within the Hive server
process. It is suitable for small deployments and testing environments but

may not scale well for large-scale production use.

2. Local Metastore: Each Hive server instance has its own local metastore
database. This approach is suitable for independent Hive server instances
but may lead to inconsistency and duplication of metadata.

3. Remote Metastore: The megastore is hosted on a separate database server

(e.g., MySQL, PostgreSQL) that is shared among multiple Hive server
instances. It provides centralized metadata management and better
scalability for large deployments.

14) Compare Hive and SQL

Feature Hive sQL
HiveQL (similar to SQL, but with SQL (Structured Query
Language .
some differences) Language)
Use Case Analyzmg large-scale structured Analyzing structured data in
data in Hadoop databases
Independent database
Ecosystem Part of the Hadoop ecosystem P
management system
Typically stores data in Hadoop Stores data in relational
Storage Distributed File System (HDFS) or databases like MySQL,
other compatible file systems PostgreSQL, etc.
Slower compared to traditional SQL .
Generally faster for typical
Performance databases due to MapReduce .
database operations
overhead
Schema Supports schema evolution with Limited support for schema
. flexibility in column addition or evolution, often requiring
Evolution
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Limited scalability compared
to distributed systems like
Hadoop

Scales well for large datasets and

Scale I :
distributed computing

15) Define Sharding

Sharding is a database partitioning technique where a large database is divided
into smaller, more manageable parts called shards. Each shard contains a
subset of the data, distributed across multiple servers or nodes in a distributed
system.

16) What are Shuffle and Sort Operations?

L ; HDFS
: ' Replication
‘| Mapper |

I Shuffling |

, Mapper — Sorting » Reducer —>| Part0 —,—*
Mapper

_____________________________________________________________________________________

o Shuffle: In Hadoop MapReduce, Shuffle is the process of transferring
intermediate data (key-value pairs) from Map tasks to Reduce tasks. It
involves partitioning, sorting, and transferring data across the network
based on keys, ensuring that all values with the same key end up at the
same Reduce task.

o Sort: Sort refers to the sorting phase in MapReduce, where the intermediate
data is sorted based on keys before being passed to the Reduce tasks.
Sorting is crucial for grouping data by keys, enabling efficient aggregation
and processing in the Reducer phase.

17) List Benefits of MapReduce Paradigm
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» Scalability: MapReduce allows distributed processing of large datasets
across a cluster of commodity hardware, enabling horizontal scalability.

o Fault Tolerance: MapReduce framework handles failures by automatically
rerunning failed tasks on other nodes, ensuring job completion even in the
presence of node failures.

» Parallel Processing: MapReduce processes data in parallel, dividing the
workload across multiple nodes and speeding up data processing tasks.

 Flexibility: MapReduce paradigm is flexible and can be applied to various
data processing tasks, including batch processing, ETL (Extract, Transform,
Load), data aggregation, and more.

o Cost-Effectiveness: By leveraging commodity hardware and open-source
software, MapReduce provides a cost-effective solution for processing
large-scale data compared to traditional proprietary solutions.

18) Differentiate Pig and Hive

Feature Pig Hive
Hi L (SQL-lik
Language Pig Latin (data flow language) veQL (SQL-like query
language)
Procedural data flow language, Declarative SQL-like language,
Data Processing suitable for ETL tasks, data suitable for ad-hoc queries, data

pipelines, and iterative processing  analysis, and OLAP

Execution Executes scripts as series of Executes queries as MapReduce
Engine MapReduce jobs or Tez tasks jobs, Tez tasks, or Spark jobs
Ecosystem Part of the Hadoop ecosystem Part of the Hadoop ecosystem
Limited support for schema
Schema Supports schema flexibility and ) PP o
. . evolution, often requiring
Evolution dynamic schemas

manual alterations

Generally slower compared to Hive Generally faster for typical SQL-
Performance due to Pig Latin's interpreted like operations due to optimized
nature query execution

LAQs
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1) Discuss Big Data in Healthcare.

Big Data has the potential to revolutionize healthcare by improving patient
outcomes, reducing costs, and enabling personalized medicine. Here's how Big
Data is transforming healthcare:

Data Integration: Healthcare generates vast amounts of data from
electronic health records (EHRs), medical imaging, genomics, wearables,
and loT devices. Big Data technologies help integrate and analyze this
diverse data to gain insights into patient health.

Predictive Analytics: Big Data analytics enable predictive modeling to
anticipate disease outbreaks, identify at-risk patients, and optimize
treatment plans. Machine learning algorithms can analyze large datasets to
predict patient outcomes and recommend personalized treatments.

Clinical Decision Support: Big Data analytics provide clinicians with real-
time insights and decision support tools to improve diagnosis accuracy,
treatment effectiveness, and patient care quality. It helps clinicians make
data-driven decisions based on evidence-based practices and patient-
specific factors.

Population Health Management: Big Data analytics help healthcare
organizations manage population health by identifying trends, risk factors,
and patterns within patient populations. It enables proactive interventions,
preventive care strategies, and resource allocation to improve overall health
outcomes.

Drug Discovery and Development: Big Data analytics accelerate drug
discovery and development by analyzing genomic data, molecular
interactions, and clinical trial data. It helps identify potential drug targets,
optimize trial designs, and personalize treatments based on genetic
profiles.

Healthcare Operations Optimization: Big Data analytics optimize
healthcare operations by improving resource allocation, reducing hospital
readmissions, streamlining workflows, and minimizing healthcare fraud and
abuse. It enables healthcare organizations to operate more efficiently and
cost-effectively.

2) Write about Big Data in Medicine
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Big Data is transforming the field of medicine by enabling data-driven
approaches to diagnosis, treatment, and research. Here's how Big Data is
impacting medicine:

Precision Medicine: Big Data analytics leverage genomic data, medical
imaging, and patient health records to enable precision medicine
approaches tailored to individual patients. It helps identify genetic
variations, biomarkers, and personalized treatment options for better
patient outcomes.

Medical Imaging Analysis: Big Data analytics analyze medical images such
as MRI scans, CT scans, and X-rays to assist in diagnosis, treatment
planning, and disease monitoring. Machine learning algorithms can detect
anomalies, classify images, and aid radiologists in interpretation.

Drug Discovery and Development: Big Data analytics accelerate drug
discovery and development by analyzing large-scale genomic data,
molecular interactions, and clinical trial data. It helps identify potential drug
targets, optimize drug candidates, and predict drug responses in different
patient populations.

Clinical Research and Trials: Big Data analytics enable large-scale clinical
research and trials by analyzing patient data from diverse sources. It helps
identify patient cohorts, recruit participants, monitor trial progress, and
analyze outcomes to advance medical research and develop evidence-
based treatments.

Health Monitoring and Wearables: Big Data analytics leverage wearable
devices, loT sensors, and mobile health apps to collect real-time health
data from patients. It enables continuous monitoring of vital signs, activity
levels, and disease progression, empowering patients to take control of
their health and enabling remote patient monitoring.

Public Health Surveillance: Big Data analytics support public health
surveillance by monitoring disease outbreaks, tracking population health
trends, and predicting health risks. It helps public health agencies,
policymakers, and healthcare organizations make informed decisions and
implement targeted interventions to protect public health.

3) Discuss in detail about the Hadoop Architecture
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Hadoop is an open-source framework designed for distributed storage and
processing of large datasets across clusters of commodity hardware. The core
components of Hadoop architecture include:

oG
Distributed __L,« Map Reduce \

Processing

Distributed
storage

e HDFS

B YARN Hadoop

/ common
Yet Another k / /
Resource
Negotiator(Job /

scheduling and
Resource Manager)

Java Library and
utilities(Java Scripts)

« Hadoop Distributed File System (HDFS): HDFS is the primary storage layer
of Hadoop, designed to store large volumes of data across multiple nodes
in a distributed manner. It provides high-throughput access to application
data and ensures fault tolerance by replicating data across multiple nodes.

» Yet Another Resource Negotiator (YARN): YARN is the resource
management layer of Hadoop, responsible for managing cluster resources
and scheduling jobs. It allows multiple data processing frameworks (e.g.,
MapReduce, Apache Spark, Apache Flink) to run concurrently on the same
Hadoop cluster, enabling efficient resource utilization.

 MapReduce: MapReduce is a programming model and processing engine
for distributed data processing in Hadoop. It consists of two main
components: Map tasks, which process and filter data, and Reduce tasks,
which aggregate and summarize the results from the Map phase.
MapReduce enables parallel processing of large datasets across distributed
clusters.

Big Data Analytics - Important



Hadoop Common: Hadoop Common includes libraries and utilities used by
other Hadoop components. It provides common functionalities such as
authentication, configuration, and logging, shared across the Hadoop
ecosystem.

Hadoop Ecosystem: Hadoop ecosystem consists of additional tools and
frameworks built on top of the core Hadoop components to extend its
functionality. It includes tools for data ingestion (e.g., Apache Flume,
Apache Sqoop), data processing (e.g., Apache Pig, Apache Hive), data
storage (e.g., Apache HBase, Apache Cassandra), and data visualization
(e.g., Apache Zeppelin, Apache Superset).

4) Explain about the Hadoop File System

Hadoop File System (HDFS) is the primary storage layer of Hadoop, designed
to store large volumes of data across distributed clusters of commodity
hardware. Here's an overview of HDFS:

Distributed Storage: HDFS divides large files into smaller blocks (typically
128MB or 256MB) and distributes these blocks across multiple nodes in a
cluster. Each block is replicated across multiple nodes to ensure fault
tolerance and data durability.

Master-Slave Architecture: HDFS follows a master-slave architecture with
two main components: NameNode and DataNode. The NameNode
manages the file system namespace and metadata, while DataNodes store
the actual data blocks and perform read/write operations.

Data Replication: HDFS replicates each data block across multiple
DataNodes (typically three replicas by default) to ensure fault tolerance and
data availability. If a DataNode fails or becomes unavailable, the replicas
can be accessed from other healthy DataNodes.

High Throughput: HDFS provides high-throughput access to application
data by distributing data processing tasks across multiple nodes in parallel.
It is optimized for sequential read/write operations, making it suitable for
large-scale data processing workloads.

Write-once, Read-many (WORM): HDFS is designed for write-once, read-
many workloads, where data is written once and read multiple times. It is
well-suited for batch processing, data analytics, and data warehousing
applications.
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HDFS is a key component of the Hadoop ecosystem, providing scalable and
reliable storage for big data applications across distributed clusters

5) Discuss briefly about I) Blocks Il) NameNode and
DataNode

Blocks:

« In Hadoop Distributed File System (HDFS), data is stored in blocks, typically
ranging from 128 MB to 256 MB in size.

o Blocks are the smallest unit of storage in HDFS.

» Large files are divided into multiple blocks, and each block is replicated
across multiple DataNodes for fault tolerance.

NameNode:

o« NameNode is a critical component of the Hadoop Distributed File System
(HDFS).

o It stores metadata information about files and directories in HDFS, including
the mapping of blocks to DataNodes.

 NameNode keeps track of the location of each block in the cluster and
coordinates file read and write operations.

e It does not store the actual data but maintains metadata in memory for
faster access.

DataNode:
o DataNode is another essential component of HDFS.

o DataNodes are responsible for storing actual data blocks and serving read
and write requests from clients.

o They communicate with the NameNode to report block information and
handle block replication, deletion, and retrieval.

o Multiple DataNodes form a distributed storage layer in HDFS, providing fault
tolerance and scalability.

6) Describe the Key-Value Construct and the
Document Data Model

Key-Value Construct:
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o The key-value construct is a simple data model where each data record
consists of a unique key and its corresponding value.

o Keys are used to uniquely identify data records, while values contain the
actual data associated with the key.

o Key-value stores are highly efficient for storing and retrieving data based
on keys.

o Examples of key-value stores include Apache Cassandra, Redis, and
Amazon DynamoDB.

Document Data Model:

e The document data model is a flexible and semi-structured data model
used to store and organize data as documents.

e Each document is a self-contained unit of data represented in JSON or
BSON format, consisting of key-value pairs or nested structures.

o Document databases, such as MongoDB and Couchbase, utilize this model
to store and query data without the need for a predefined schema.

o Document databases provide rich querying capabilities, schema flexibility,
and horizontal scalability, making them suitable for a wide range of
applications, including content management, e-commerce, and real-time
analytics.

7) Discuss Aggregate Data Models

Aggregate data models are used to represent and query aggregated or
summarized data rather than individual records. They are commonly employed
in data warehousing and OLAP (Online Analytical Processing) systems for
analyzing and reporting on large datasets. Some characteristics of aggregate
data models include:

+ Pre-aggregated Data: Aggregate data models store pre-computed
aggregations or summaries of data to improve query performance and
reduce processing overhead.

» Hierarchical Structure: Data is organized hierarchically, typically in
dimensions and measures. Dimensions represent categorical attributes,
while measures represent numerical values to be aggregated.
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Multi-dimensional Analysis: Aggregate data models support multi-
dimensional analysis, allowing users to slice, dice, drill down, and roll up
data along various dimensions to gain insights and perform analytical
operations.

Query Optimization: Aggregations are indexed or cached to accelerate
query processing and minimize response times.

Support for OLAP Operations: Aggregate data models support OLAP
operations such as slice, dice, pivot, drill down, roll up, and drill across for
interactive data analysis

8) Discuss about Distribution models. Define single
server and sharding

Single Server:

In a single-server distribution model, all data is stored and managed on a
single server or node.

This model is simple to set up and suitable for small-scale applications with
low data volumes and limited user concurrency.

However, single-server setups have limitations in terms of scalability, fault
tolerance, and performance, as the server may become a bottleneck as
data and user traffic grow.

Sharding:

Sharding is a distributed data storage technique where data is partitioned
horizontally across multiple servers or nodes.

Each server, known as a shard, is responsible for storing a subset of the
data based on a defined sharding key or algorithm.

Sharding improves scalability, as data and query load are distributed across
multiple servers, enabling parallel processing and higher throughput.

It also enhances fault tolerance, as the failure of one shard affects only a
portion of the data, minimizing the impact on the overall system.

However, sharding introduces complexity in data distribution and
management, and careful consideration is required to ensure balanced data
distribution and efficient query routing

Big Data Analytics - Important
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9) Explain about Map and Reduce tasks

G

Map Tasks:
e Map tasks are the initial phase of a MapReduce job in Hadoop.

o Each map task processes a portion of the input data, typically a split of a
file or block, and produces intermediate key-value pairs.

e Map tasks run in parallel across multiple nodes in the Hadoop cluster, with
each node processing a subset of the input data.

e The output of map tasks is sorted and partitioned based on keys before
being sent to the reduce tasks.

Reduce Tasks:
e Reduce tasks are the second phase of a MapReduce job.

e Each reduce task processes a subset of the intermediate key-value pairs
produced by the map tasks, grouping them by key and performing
aggregate operations.

e Reduce tasks run in parallel across multiple nodes in the Hadoop cluster,
with each node processing a subset of the intermediate data.
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e The output of reduce tasks is typically written to the Hadoop Distributed
File System (HDFS) or another storage system

10) Discuss YARN Failures.

YARN (Yet Another Resource Negotiator) is the resource management layer in
Hadoop that oversees resource allocation and job scheduling. YARN failures
can occur due to various reasons, including:

» ResourceManager Failures: The ResourceManager, responsible for
managing resources and scheduling jobs, may fail due to software bugs,
resource exhaustion, or hardware failures. This can disrupt job scheduling
and resource allocation in the cluster.

 NodeManager Failures: NodeManagers on individual cluster nodes may fail
due to hardware issues, software errors, or network problems. This can
lead to the loss of compute resources and affect the execution of
MapReduce and other YARN applications.

o Application Failures: Applications running on YARN, such as MapReduce
jobs or other distributed applications, may fail due to programming errors,
data corruption, or other issues. YARN provides mechanisms for detecting
and handling application failures, such as job retries and fault tolerance
mechanisms.

Handling YARN failures requires monitoring and management tools to detect
and respond to failures promptly. It also involves implementing fault-tolerant
mechanisms within the cluster, such as job retries, node health checks, and
failover mechanisms, to ensure the reliability and availability of the Hadoop
cluster and the applications running on it

11) Explain about Metastore

The Metastore in Apache Hive is a central repository that stores metadata
information about tables, partitions, columns, storage format, and table
locations. It acts as a catalog or registry for Hive, providing schema information
and facilitating query optimization. Some key points about the Metastore
include:

o Metadata Storage: Metastore stores metadata in a database (e.g., Derby,
MySQL, PostgreSQL) or a distributed storage system (e.g., Apache Derby,
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HBase). It maintains information about Hive objects such as databases,
tables, columns, partitions, and storage properties.

 Schema Management: Metastore manages the schema definition for Hive
tables, including column names, data types, and partition keys. It allows
users to define and alter table schemas using HiveQL or through Hive's
user interface tools.

« Table and Partition Location: Metastore stores the physical location of Hive
tables and partitions in HDFS or other compatible file systems. This
information is used by the execution engine to locate data files during query
processing.

» Query Optimization: Metastore provides statistics and metadata to the
query optimizer, helping it make informed decisions about query execution
plans, data access methods, and join strategies.

12) Explain about User-Defined Functions and how to
write them.

User-defined functions (UDFs) in Hive allow users to extend the functionality of
HiveQL queries by implementing custom functions in Java, Python, or other
programming languages. Here's how to write and use UDFs in Hive:

Writing UDFs in Java:

1. Define the UDF Class: Implement the UDF logic by extending Hive's UDF
class or one of its subclasses (e.g., GenericUDF, UDF, GenericUDTF, etc.).

2. Override the evaluate() Method: Implement the evaluate() method to
define the logic for the UDF. This method takes input arguments and
returns the computed result.

3. Compile the UDF: Compile the Java source code to generate a JAR file
containing the UDF class.

4. Register the UDF: Upload the JAR file to the Hadoop cluster and register
the UDF using the ADD JAR command or the ADD JAR statement in Hive.

Example:

import org.apache.hadoop.hive.ql.exec.UDF;
import org.apache.hadoop.io.Text;
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public class MyUDF extends UDF {
public Text evaluate(Text input) {
if (input == null) return null;
return new Text(input.toString().toUpperCase());

Using UDFs in HiveQL:

ADD JAR /path/to/my_udf.jar;
CREATE TEMPORARY FUNCTION my_udf AS 'com.example.MyUDF';
SELECT my_udf(column_name) FROM table_name;

UDFs can perform a wide range of tasks, such as data transformation, string
manipulation, mathematical operations, and more. They provide flexibility and
extensibility to HiveQL queries, allowing users to tailor Hive's functionality to
their specific requirements

13) Explain Big Data Analytics and its Classifications.

Big Data Analytics:

Big Data Analytics refers to the process of analyzing large and complex
datasets to uncover hidden patterns, correlations, insights, and trends. It
involves applying various analytical techniques, algorithms, and tools to extract
valuable information from vast amounts of data. Big Data Analytics enables
organizations to make data-driven decisions, improve business processes,
enhance customer experiences, and gain a competitive edge.

Classifications of Big Data Analytics:
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Descriptive
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Predictive

Tells What's likely to
happen?

Based on historical
data, and assumes a
static business
plans/models

Helps Business
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automated using
algorithms.

Prescriptive

Defines future actions
—i.e., “What todo
next?”

Based on current data
analytics, predefined
future plans, goals,
and objectives

Advanced algorithms
to test potential
outcomes of each
decision and
recommends the best
course of action

Complexity

1. Descriptive Analytics: Descriptive Analytics focuses on summarizing

historical data to understand what happened in the past. It involves basic
statistical analysis, data visualization, and reporting techniques to provide
insights into past trends, patterns, and performance metrics. Examples

include dashboards, scorecards, and KPI reports.

. Diagnostic Analytics: Diagnostic Analytics aims to identify the root causes
of past events or performance issues by analyzing historical data in more
detail. It involves deeper analysis, correlation, and causal inference
techniques to understand why certain outcomes occurred. Diagnostic
Analytics helps organizations understand the factors influencing their
business performance and make informed decisions to address underlying

issues.

. Predictive Analytics: Predictive Analytics involves forecasting future
outcomes or trends based on historical data and statistical modeling
techniques. It uses advanced algorithms, machine learning, and data
mining methods to identify patterns and make predictions about future
events. Predictive Analytics helps organizations anticipate customer
behavior, market trends, demand patterns, and potential risks, enabling
proactive decision-making and strategic planning.

. Prescriptive Analytics: Prescriptive Analytics goes beyond predicting
future outcomes by recommending actions or strategies to achieve desired
goals or outcomes. It combines predictive models with optimization and
simulation techniques to generate actionable insights and decision
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recommendations. Prescriptive Analytics helps organizations optimize
resources, improve processes, mitigate risks, and maximize business
performance by providing actionable recommendations based on data-
driven insights.

Big Data Analytics can be classified into these categories based on the types of
analyses performed, the level of complexity involved, and the intended
outcomes or objectives of the analysis.

14) Explain different types of Big Data

Big Data can be classified into three main types based on its characteristics
and sources:

Emerging

Loyalty

E-Commerce

Other Third Party Data
+  Weather

« Cumency Conversion

+ Demographic

+ Panel
FOS, POL, IR, EDI, RFID,
NFC, GR, IRI, Rsi, Nielsen,
Other Syndicated, IMS,
M3A, efc.

1. Structured Data: Structured Data refers to data that is organized and
formatted according to a predefined schema. It includes data stored in
relational databases, spreadsheets, and structured file formats. Structured
data is well-defined, easily searchable, and amenable to traditional data
processing techniques.

2. Unstructured Data: Unstructured Data refers to data that does not have a
predefined schema or organization. It includes text documents, emails,
social media posts, multimedia content (images, videos), and sensor data.
Unstructured data is often large in volume, difficult to analyze using
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traditional methods,

and requires advanced analytics techniques such as

natural language processing (NLP), text mining, and image recognition.

3. Semi-Structured Data: Semi-Structured Data lies between structured and
unstructured data. It has some organizational structure but does not
conform to a rigid schema. Examples include XML files, JSON data, log
files, and NoSQL databases. Semi-structured data is flexible, allowing for
schema evolution and dynamic data modeling, but it requires specialized
tools and techniques for analysis.

These types of Big Data vary in terms of structure, format, volume, velocity,
and variety, and organizations need different approaches and technologies to
manage, process, and analyze them effectively

15) Explain how the data is read from a Hadoop URL?

To read data from a Hadoop URL, typically an HDFS (Hadoop Distributed File
System) URL, you can use various Hadoop-compatible file system APIs or
utilities. One common method is to use Hadoop's rilesystem APl in Java. Here's

a basic example:

import org.apache
import org.apache
import org.apache
import org.apache

.hadoop.conf.Configuration;
.hadoop.fs.FileSystem;
.hadoop.fs.Path;
.hadoop.fs.FSDataInputStream;

public class HadoopURLReader {

public static
try {

void main(String[] args) {

// Create a Configuration object
Configuration conf = new Configuration();

// Create a FileSystem object
FileSystem fs = FileSystem.get(conf);

// Specify the HDFS file path
Path filePath = new Path("hdfs://namenode:8020/

path/to/file.txt"

);

// Open the input stream
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FSDataInputStream inputStream = fs.open(filePat
h);

// Read data from the input stream
// (Example: byte[] buffer = new byte[1024];
// inputStream.read(buffer);)

// Close the input stream
inputStream.close();

// Close the FileSystem object
fs.close();

} catch (Exception e) {
e.printStackTrace();

In this example:

o We create a configuration object to specify Hadoop configuration
properties.

e We create a rilesystem Object using rilesystem.get(cont) to get the default file
system (HDFS).

o We specify the HDFS file path using the rath class.
o We open an input stream using fs.open(filerath) to read data from the file.

o We can then read data from the input stream, process it, and close the input
stream and Frilesystem Object

16) Draw the HDFS Architecture

The Hadoop Distributed File System (HDFS) architecture typically consists of
multiple components, including NameNode, DataNode, and clients. Below is a
simplified diagram illustrating the HDFS architecture:
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Manager
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Slave Slave Slave
Data Node Data Node Data Node

Manager Manager Manager

!

Reduce

» Client: Initiates read and write operations by interacting with the NameNode
and DataNodes.

« NameNode: Manages the namespace and metadata of the file system. It
stores information about the directory tree, file permissions, and the
mapping of blocks to DataNodes.

o DataNode: Stores actual data blocks and serves read and write requests
from clients. Multiple DataNodes form a distributed storage layer in HDFS.

This architecture allows HDFS to provide fault tolerance, scalability, and
reliability by distributing data across multiple nodes and maintaining metadata
centrally in the NameNode

17) Explain types of NoSQL Databases

NoSQL databases are categorized based on their data model, architecture, and
use cases. Here are the main types of NoSQL databases:

1. Document Stores:

e Document databases store data in flexible, semi-structured documents
(e.g., JSON, BSON).
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» Each document can contain nested fields and arrays, providing a rich
data model.

o Examples: MongoDB, Couchbase, CouchDB.
2. Key-Value Stores:
o Key-value stores store data as pairs of keys and values.

» They offer high performance and scalability for simple data access
patterns.

o Examples: Redis, Amazon DynamoDB, Riak.
3. Column-Family Stores:

e Column-family stores organize data into columns grouped into families
or column families.

e Each row can have a different set of columns, and columns are stored
together rather than rows.

o Examples: Apache Cassandra, HBase.
4. Graph Databases:
» Graph databases model data as nodes, edges, and properties.

e They are optimized for graph-like data structures and support efficient
traversal and querying of relationships.

o Examples: Neo4j, Amazon Neptune, JanusGraph.
5. Time-Series Databases:

o Time-series databases specialize in storing and querying time-stamped
data points.

e They are optimized for time-series data, such as sensor data, logs, and
financial data.

o Examples: InfluxDB, Prometheus, TimescaleDB.

Each type of NoSQL database has its strengths and weaknesses, and the
choice of database depends on factors such as data model, scalability
requirements, performance needs, and use case.

18) Explain about Version Stamps
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Version stamps are metadata associated with data records in databases,
indicating the version or timestamp of when the record was created, updated,
or deleted. They are used for tracking changes to data over time and
supporting concurrency control mechanisms such as optimistic concurrency
control.

o Creation Timestamp: Indicates when the record was initially created.
o Update Timestamp: Indicates when the record was last updated.

o Deletion Timestamp: Indicates when the record was soft-deleted or
marked as deleted.

Version stamps help in maintaining data consistency, ensuring data integrity,
and supporting operations like data replication, synchronization, and conflict
resolution. They are essential for systems that require audit trails, historical
data analysis, or multi-version concurrency control

19) Explain about YARN and MapReduce
YARN (Yet Another Resource Negotiator):

* YARN is the resource management and job scheduling framework in
Hadoop.

o It separates the resource management and job scheduling functionalities of
Hadoop MapReduce, allowing multiple processing frameworks to run on the
same Hadoop cluster.

e YARN consists of three main components: ResourceManager,
NodeManager, and ApplicationMaster.

e It supports multi-tenancy, dynamic resource allocation, and fine-grained
resource monitoring and management.

MapReduce:

 MapReduce is a programming model and processing framework for parallel
processing of large datasets in Hadoop.

e It consists of two main phases: Map and Reduce.

» Map phase processes input data and generates intermediate key-value
pairs.

» Reduce phase aggregates and processes intermediate data to produce the
final output.
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» MapReduce jobs are executed on the YARN cluster, with ResourceManager
coordinating job execution and NodeManagers managing resources on
individual nodes.

YARN and MapReduce work together to provide distributed data processing
capabilities in Hadoop, enabling scalability, fault tolerance, and efficient
resource utilization

20) Explain grouping and joining data
Grouping Data:

o Grouping data involves organizing data records into groups based on
common attributes or keys.

e In SQL, grouping is typically performed using the GROUP BY clause, where
data is grouped based on one or more columns.

o Grouping is commonly used in aggregate queries to calculate summary
statistics (e.g., counts, sums, averages) for each group.

o Grouped data can be further processed or analyzed to derive insights or
make decisions.

Joining Data:

» Joining data involves combining data from multiple sources based on a
common attribute or key.

e In SQL, joins are performed using join operations such as INNER JOIN,
LEFT JOIN, RIGHT JOIN, and FULL OUTER JOIN.

« Joining allows data from different tables to be merged into a single result
set, enabling analysis and correlation of related information.

» Joining is commonly used in relational databases to fetch related data from
multiple tables based on foreign key relationships.

» Joins can be performed on various types of data, including structured,
semi-structured, and even unstructured data, depending on the capabilities
of the underlying database system

21) Discuss in brief about Hive

Hive is a data warehousing infrastructure built on top of Hadoop, providing a
SQL-like query language called HiveQL for querying and analyzing data stored
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in Hadoop Distributed File System (HDFS) or other compatible file systems.
Here's a summary of Hive's key features and components:

» SQL-like Interface: HiveQL allows users to write SQL-like queries to interact
with data stored in Hadoop, making it accessible to users familiar with SQL.

» Schema-on-Read: Unlike traditional relational databases that enforce
schema-on-write, Hive follows a schema-on-read approach, allowing
flexibility in data storage and interpretation.

« Metadata Store: Hive maintains a metadata store (Hive Metastore) that
stores schema information, table definitions, and other metadata,
facilitating query optimization and data exploration.

o Support for Partitions and Buckets: Hive supports partitioning and
bucketing of data, allowing users to organize and optimize data storage for
better performance.

» Integration with Hadoop Ecosystem: Hive integrates with other Hadoop
ecosystem components such as HBase, Spark, and Tez, enabling seamless
data processing and analysis workflows.

« Extensibility: Hive supports user-defined functions (UDFs), custom SerDes
(Serializer/Deserializer), and storage handlers, allowing users to extend its
functionality and integrate with external systems.

o Optimization and Execution Engine: Hive optimizes queries and translates
them into MapReduce, Tez, or Spark jobs for execution on the Hadoop
cluster, providing scalability and fault tolerance.

Overall, Hive simplifies data analysis and processing tasks on Hadoop by
providing a familiar SQL interface and integration with the broader Hadoop
ecosystem

22) What is the role of Big Data in advertising?

Big data plays a significant role in advertising by providing insights into
consumer behavior, optimizing ad campaigns, and improving targeting
strategies. Here's how big data is used in advertising:

o Audience Segmentation: Big data analytics help advertisers segment
audiences based on demographic, geographic, behavioral, and
psychographic attributes, allowing them to target specific audience
segments with relevant ads.
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o Personalization: By analyzing large volumes of data, advertisers can
personalize ads and content to better resonate with individual users'
preferences, interests, and browsing history.

o Ad Targeting and Optimization: Big data analytics enable advertisers to
target ads more effectively by identifying high-value audience segments,
optimizing ad placement, and adjusting ad creatives in real-time based on
performance metrics.

e Attribution Modeling: Big data allows advertisers to track and analyze the
customer journey across multiple touchpoints, attributing conversions to
various marketing channels and campaigns to understand their impact on
the overall sales funnel.

» Predictive Analytics: Advertisers leverage predictive analytics and
machine learning algorithms to forecast ad performance, predict consumer
trends, and optimize ad spend allocation for maximum ROI.

» Fraud Detection: Big data technologies help advertisers detect and prevent
ad fraud by analyzing patterns, anomalies, and suspicious activities in ad
traffic, protecting advertisers' investments and ensuring ad effectiveness.

Overall, big data empowers advertisers to make data-driven decisions, improve
targeting precision, enhance ad performance, and deliver more relevant and
personalized experiences to consumers.

23) List and Explain Various Technologies used in
Big Data
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Big data encompasses a wide range of technologies and tools designed to
store, process, analyze, and visualize large volumes of data. Some key
technologies used in big data include:

1. Hadoop: A distributed storage and processing framework for storing and
processing large datasets across clusters of commodity hardware.

2. Apache Spark: A fast and general-purpose distributed computing engine
for processing big data in-memory.

3. NoSQL Databases: Non-relational databases designed to handle large-
scale, unstructured, or semi-structured data, including document stores
(e.g., MongoDB), key-value stores (e.g., Redis), column-family stores (e.g.,
Cassandra), and graph databases (e.g., Neo4j).

4. Apache Kafka: A distributed event streaming platform for building real-time
data pipelines and streaming applications.

5. Apache Flink: A stream processing framework for real-time analytics and
event-driven applications.
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6. Machine Learning and Al: Technologies and algorithms for predictive
analytics, pattern recognition, natural language processing (NLP), and deep
learning, enabling insights and automation from big data.

7. Data Warehousing Solutions: Technologies such as Apache Hive, Apache
HBase, and Amazon Redshift for storing, organizing, and querying
structured and semi-structured data for analytics and reporting.

8. Data Visualization Tools: Tools like Tableau, Power BI, and Apache
Superset for creating interactive visualizations and dashboards to explore
and communicate insights from big data.

These technologies form the foundation of the big data ecosystem, providing
the capabilities to ingest, store, process, analyze, and derive value from large
and diverse datasets

24) Describe the process of running a MapReduce
Program

Running a MapReduce program typically involves the following steps:

1. Developing the MapReduce Program: Write the MapReduce program using
a programming language such as Java, Python, or Scala. Define the map
and reduce functions, input/output formats, and any other required
configurations.

2. Compiling the Program: Compile the MapReduce program into a JAR (Java
Archive) file using a build tool like Maven or Gradle. Ensure that all
dependencies are included in the JAR file.

3. Preparing Input Data: Prepare input data by storing it in HDFS or another
compatible file system accessible by the Hadoop cluster. Split the input
data into manageable chunks to be processed by individual Map tasks.

4. Submitting the Job: Use the Hadoop command-line interface (CLI) or
Hadoop API to submit the MapReduce job to the Hadoop cluster. Specify
the input/output paths, the JAR file containing the MapReduce program,
and any additional configurations.

5. Job Execution: The ResourceManager allocates resources to run the
MapReduce job. Map tasks read input data, apply the map function, and
produce intermediate key-value pairs. Intermediate data is shuffled and

Big Data Analytics - Important

33



sorted, and reduced tasks process the intermediate data to generate the
final output.

6. Monitoring Job Progress: Monitor the progress of the MapReduce job
using Hadoop's web-based user interface (Ul) or command-line tools.
Check for errors, task progress, and resource utilization to ensure the job is
completed successfully.

7. Collecting Output: Once the MapReduce job completes, collect the output
from the specified output path in HDFS. The output can be further
analyzed, processed, or visualized as needed.

8. Cleaning Up: Optionally, clean up any temporary files or resources created
during the MapReduce job execution to free up cluster resources and
maintain system cleanliness

25) How to Improve Hive query performance using
index-based operations on big data?

Hive traditionally doesn't support traditional indexes like RDBMS. However,
some techniques can help improve query performance:

1. Partitioning: Partitioning data based on one or more columns can
significantly improve query performance. It reduces the amount of data that
needs to be scanned for each query, especially when filtering on partition
columns.

2. Bucketing: Bucketing data into fixed-size buckets based on one or more
columns can distribute data more evenly across nodes, improving data
locality and query performance, particularly for join operations.

3. Vectorization: Enabling vectorized query execution in Hive allows
processing multiple rows at once, reducing the number of CPU cycles
required for query execution.

4. Compacting Small Files: Combining small files into larger ones using
techniques like Hive's aLTer TABLE table name concaTENATE Can improve query
performance by reducing filesystem overhead.

5. Indexing in Hive: While not traditional indexing, Hive does support bitmap
indexes and indexing on columns with low cardinality. These indexes can
improve query performance for certain types of queries, particularly those
involving equality predicates on indexed columns.
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6. Using Appropriate File Formats and Compression: Choosing the right file
format and compression codec can significantly impact query
performance. For example, columnar file formats like ORC and Parquet are
well-suited for analytical queries due to their efficient storage and retrieval
mechanisms.

7. Tuning Hive Configuration: Optimizing Hive configuration parameters such
as memory allocation, parallelism, and query execution settings can have a
significant impact on query performance. Experimenting with different
configurations and monitoring resource usage can help identify optimal
settings for your specific workload.

8. Using Tez or Spark Execution Engine: Hive can run on different execution
engines like Tez or Spark, which can offer significant performance
improvements over MapReduce, particularly for complex queries and
interactive workloads

26) Why is Big Data Analytics so important in today's
era?
Big Data Analytics plays a crucial role in today's era due to several reasons:

1. Data-Driven Decision Making: Big Data Analytics enables organizations to
make data-driven decisions by analyzing large volumes of data to uncover
patterns, trends, and insights that can inform strategic business decisions.

2. Competitive Advantage: Organizations that harness the power of Big Data
Analytics gain a competitive edge by optimizing operations, improving
customer experiences, and innovating products and services based on
data-driven insights.

3. Customer Insights: Big Data Analytics allows organizations to gain deep
insights into customer behaviour, preferences, and sentiment by analyzing
vast amounts of structured and unstructured data from various sources
such as social media, loT devices, and transactional systems.

4. Predictive Analytics: Big Data Analytics enables predictive modelling and
forecasting, helping organizations anticipate future trends, identify risks,
and seize opportunities before they arise.

5. Personalization: Big Data Analytics enables personalized experiences by
analyzing customer data to tailor products, services, and marketing
messages to individual preferences and needs.
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6. Risk Management: Big Data Analytics helps organizations identify and
mitigate risks by analyzing data from various sources to detect anomalies,
fraud, and security threats in real-time.

7. Healthcare and Research: Big Data Analytics is transforming healthcare
and research by enabling personalized medicine, disease prediction, drug
discovery, and genomics research through the analysis of vast amounts of
healthcare data.

8. Smart Cities and loT: Big Data Analytics powers smart city initiatives by
analyzing data from loT sensors, traffic cameras, and other sources to
optimize city operations, improve public services, and enhance urban
planning.

Overall, Big Data Analytics has become indispensable in today's data-driven
world, empowering organizations across industries to unlock value from their
data and drive innovation, growth, and success
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