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Preface





In the dynamic realm of data science, the ability to seamlessly integrate data analytics with robust programming skills is invaluable. Welcome to Ultimate Java for Data Analytics and Machine Learning – a comprehensive guide that bridges the gap between data science and software development using Java. This book aims to equip you with the knowledge and skills necessary to perform efficient data analysis, data visualization, and deep learning using Java.


Whether you are a student, a seasoned Java developer, or an aspiring data scientist, this book is tailored to meet your needs. With extensive real-world use cases and easy-to-follow examples, you will be guided through the fundamental concepts and advanced techniques of data analytics, all implemented using Java. A basic understanding of statistics and relational databases will be beneficial but is not mandatory. However, a good grasp of Java is required to make the most out of this book.


This book is structured into 15 chapters, each delving into different aspects of data analytics, from basic concepts to advanced applications. Here's an overview of what you can expect to learn:


Chapter 1. Data Analytics Using Java: We begin our journey by understanding the fundamentals of data analytics, its importance, and the various techniques and tools available. This chapter sets the stage for the entire book, introducing you to the core concepts and methodologies of data analysis.


Chapter 2. Datasets: This chapter focuses on data – its types, structures, and the processes involved in generating and pre-processing datasets. You'll learn the essentials of data cleaning and data munging to prepare your data for analysis.


Chapter 3. Data Visualization: This chapter explores the world of data visualization, a crucial aspect of data science. You will learn various charting and plotting techniques using the JFreeChart library to create insightful visual representations of your data.


Chapter 4. Java Machine Learning Libraries: This chapter introduces you to popular Java libraries including WEKA, Rapidminer, ADAMS, JavaML, OpenNLP, and Mallet, and how to utilize them for implementing machine learning algorithms. It discovers the power of Java for machine learning applications.


Chapter 5. Statistical Analysis: The chapter dives deep into statistical principles essential for data science, such as descriptive statistics, random sampling, Bayes' theorem, and hypothesis testing. It covers how to apply these principles using Java APIs.


Chapter 6. Relational Databases: The chapter covers working with JDBC, SQL, and MySQL databases to manage and analyze structured data efficiently. In this chapter, we will learn about relational databases, their design, and data models.


Chapter 7. Regression Analysis: The chapter focuses on the methods of regression analysis, including linear and polynomial regression. You will learn how to identify patterns in data and establish mathematical functions using Java.


Chapter 8. Classification Analysis: This chapter covers classification algorithms like decision trees, Bayesian classifiers, and logistic regression. You will learn how to partition datasets into labeled groups for better analysis.


Chapter 9. Sentiment Analysis: The chapter explores sentiment analysis using natural language processing (NLP) with Stanford CoreNLP. It will cover how to analyze customer reviews and determine sentiments in text data.


Chapter 10. Cluster Analysis: The chapter discovers clustering algorithms such as K-Means, DBSCAN, and hierarchical clustering. You will learn how to group data points based on similarity and apply these techniques for customer segmentation.


Chapter 11. Working with NoSQL Databases: The chapter compares SQL and NoSQL databases, and also focuses on MongoDB in Java. You will understand the flexibility of NoSQL databases for handling dynamic data.


Chapter 12. Recommender Systems: The chapter discusses the algorithms behind recommender systems used by platforms such as Amazon and Netflix. You will learn about content-based and collaborative recommender systems.


Chapter 13. Applications of Data Analysis: This chapter reviews popular applications of data analytics in business intelligence and time series predictions. You will learn how to use Apache POI for working with Excel spreadsheets and perform real-time data analytics.


Chapter 14. Big Data Analysis with Java: This chapter explores the challenges and techniques of big data analysis. You will learn about Google's MapReduce, Apache Hadoop, Apache Spark, and how to manage large datasets using Java.


Chapter 15. Deep Learning with Java: The chapter delves into deep learning, neural networks, and the Deeplearning4j library. You will learn how to implement object classification using convolutional neural networks in Java.


This book is a practical guide filled with examples, real-world scenarios, and best practices. It will empower you to harness the power of data analytics and Java, enhancing your skills and enabling you to tackle complex data challenges with confidence. Happy learning!
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CHAPTER 1


Data Analytics Using Java



Introduction

This chapter is dedicated to data analytics using Java. In this chapter, we will be covering various techniques and algorithms that can be used to analyze our data. We will get ready to start our journey into data analytics. First, we will understand the fundamentals of data analytics and different types of data analytics, namely Descriptive analytics, Predictive analytics, and Prescriptive analytics. We will also see why is data analytics so important today. Then, we will look at different data analytics techniques, such as regression analysis, factor analysis, cohort analysis, time series analysis, and Monte Carlo simulations. Finally, we will look at some of the most popular data analytics tools and frameworks for Java developers that we will be covering in this book, such as Apache Hadoop, Apache Spark, Apache Storm, Apache Mahout, JFreechart, and Deeplearning4j.

Structure

In this chapter, we will cover the following topics:


	Introduction to Data Analytics

	Types of Data Analytics

	Descriptive Analytics

	Predictive Analytics

	Prescriptive Analytics





	Importance of Data Analytics

	Data Analytics Methods

	Data Analytics Tools and Frameworks




Introduction to Data Analytics


Data analytics is a broad term that refers to the process of examining, cleaning, transforming, and modeling data with the goal of discovering useful information, informing conclusions, and supporting decision-making. It involves a wide range of techniques and methods, including statistical analysis, machine learning, and visualization, to analyze and extract insights from data.

Data analytics is often used in business to help companies better understand their customers, operations, and markets, and make more informed decisions. For example, a company might use data analytics to analyze customer data to identify trends and patterns in their purchasing habits or to analyze sales data to optimize pricing and inventory management.

Data analytics can also be used in other fields, such as healthcare, finance, and government, to improve decision-making and drive better outcomes. For example, hospitals might use data analytics to improve patient care by identifying trends in patient health data, or governments might use data analytics to identify trends in crime data to help allocate law enforcement resources.

Overall, data analytics is a powerful tool for uncovering insights from data and making more informed decisions. In this chapter, we will study the fundamental concepts of data analytics, why is it important, and the different tools and frameworks used for the same.

Types of Data Analytics

Data analytics involves different techniques and tools to draw useful information from the data. There are different ways of performing data analytics, each using different sets of tools and techniques and having different purposes and applications. These can be categorized as descriptive analytics, predictive analytics, and prescriptive analytics, as shown in the following diagram:
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Figure 1.1: Types of data analytics


Descriptive Analytics


Descriptive analytics is the simplest form of analytics, focusing on describing past data and trying to answer the question, “What happened?”. It uses statistics, such as mean, median, mode, variance, and more to represent data in the form of charts and tables. It generates reports, business metrics, and Key Performance Indicators (KPIs), which help businesses to track their performance and identify various trends. Descriptive analytics collects information over long durations and uses the information to keep track of the company’s progress for different periods. For example, descriptive analytics can help a company track its sales and revenue growth over different quarters and present the data in the form of charts. Descriptive analytics involves the process of identifying the key business metrics, figuring out the data required to generate those metrics, extracting, cleaning, and preparing the data for analysis, analyzing the data, and finally presenting the data.

Descriptive analytics typically involves several key steps, which can be broadly grouped into the following stages:


	
Data collection: The first step in any data analytics is to collect the data that will be analyzed. This data may come from a variety of sources, such as transactions, surveys, or experiments.

	
Data cleaning and preparation: Once the data has been collected, it may need to be cleaned and prepared for analysis. This may involve removing any missing or invalid data, transforming the data into a usable format, and ensuring that the data is consistent and accurate.

	
Statistical analysis: The next step is to use statistical tools and techniques to summarize and analyze the data. This may involve calculating summary statistics, such as averages and totals, and using those statistics to identify trends and patterns in the data.

	
Data visualization: In order to make the data more accessible and understandable, it is often useful to create visualizations of the data, such as graphs, charts, and maps. These visualizations can help to reveal trends and patterns that might not be immediately obvious from looking at the raw data.

	
Interpretation and communication: Finally, the insights and information extracted from the data need to be interpreted and communicated to the relevant stakeholders. This may involve presenting the findings in a clear and concise manner and providing recommendations for how the information can be used to improve decision-making and processes.
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Figure 1.2: Steps involved in descriptive analytics

To better understand the nature of descriptive analytics, it may be helpful to consider a specific example. Suppose a company is interested in understanding the purchasing habits of its customers. The company might use descriptive analytics to analyze data on customer purchases, including information such as the products that were purchased, the time and location of the purchases, and the amount of money spent. Using statistical analysis, the company could calculate summary statistics, such as the average purchase amount and the most popular products. Using data visualization techniques, the company could create graphs and charts to visualize the data, which might reveal trends and patterns that would not be immediately obvious from looking at the raw data. Finally, using data mining techniques, the company could identify associations and relationships between different pieces of data, such as the relationship between the time of day a purchase was made and the amount of money spent.

Overall, the goal of descriptive analytics is to provide a comprehensive and accessible summary of the key characteristics of a given dataset. This summary can be used to understand the past and present state of a system or process and can help organizations make more informed decisions about how to move forward in the future.

Predictive Analytics

Predictive analytics uses statistics, predictive modeling, and machine learning techniques to analyze current and historical data to make predictions about the future. It tries to answer the question, “What will happen?”. Insurance and marketing industries use predictive analysis to make critical business decisions. Predictive analytics is used in marketing and sales, healthcare, banking, retail, supply chain, human resources, and many more industries. For example, in marketing, it can be used for marketing campaigns and cross-sell strategies. In retail, it can be used to identify product recommendations, analyze markets, forecast sales, and more. In healthcare, it is used to manage the care of patients with chronic diseases. Financial services use quantitative tools and machine learning to detect fraud and predict credit loss. It is used by businesses to make the management of inventories more efficient and help them meet demand while minimizing stock. It is used by the human resource team to identify and hire employees and predict an employee’s performance.

Predictive analytics typically involves several key steps, which can be broadly grouped into the following stages:


	
Data collection: The first step in any data analytics is to collect the data that will be used to make predictions. This data may come from a variety of sources, such as transactions, surveys, or experiments.

	
Data cleaning and preparation: Once the data has been collected, it may need to be cleaned and prepared for analysis. This may involve removing any missing or invalid data, transforming the data into a usable format, and ensuring that the data is consistent and accurate.

	
Model building: The next step is to build a predictive model using machine learning algorithms. This involves training the model on historical data and fine-tuning the model to improve its predictive accuracy.

	
Model evaluation: Once the predictive model has been built, it is important to evaluate its performance to ensure that it is accurate and reliable. This may involve testing the model on new data and comparing the predictions made by the model to the actual outcomes.

	
Prediction and decision-making: Finally, the predictive model can be used to make predictions about future events. These predictions can then be used to inform decision-making and to identify potential risks and opportunities.
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Figure 1.3: Steps involved in predictive analytics

Overall, the goal of predictive analytics is to use historical data and machine learning algorithms to make accurate and reliable predictions about future events. This can help organizations to better understand the future direction of a system or process, and to make more informed decisions about how to move forward.

Prescriptive Analytics

Prescriptive analytics determines an optimal course of action from data. It tries to answer the question, “What should be done?”. It generates recommendations for the next steps by considering all the relevant factors. That’s why prescriptive analytics is a valuable decision-making tool based on data. It often uses machine learning algorithms to process large amounts of data in a fast and efficient manner.

Note: Descriptive analytics is mostly associated with the term Business Intelligence, whereas predictive and prescriptive analytics is known by the term Advanced Analytics.

Prescriptive analytics goes beyond predicting future outcomes (predictive analytics) by suggesting actions to take to influence those outcomes. It is used in various domains as follows:


	
Supply Chain Optimization: Prescriptive analytics can help determine the optimal inventory levels, reorder points, and logistics routes to minimize costs and meet demand efficiently.

	
Healthcare: It can provide treatment recommendations based on patient data, predicting the best course of action for specific medical conditions.

	
Marketing: Prescriptive analytics can identify the most effective marketing strategies and channels to reach the target audience, optimize budget allocation, and maximize return on investment.

	
Finance: It aids in portfolio management by recommending asset allocations that align with an investor’s risk tolerance and financial goals.



Prescriptive analytics typically involves several key steps, which can be broadly grouped into the following stages:


	
Data collection: The first step in any data analytics is to collect the data that will be used to generate recommendations. This data may come from a variety of sources, such as transactions, surveys, or experiments.

	
Data cleaning and preparation: Once the data has been collected, it may need to be cleaned and prepared for analysis. This may involve removing any missing or invalid data, transforming the data into a usable format, and ensuring that the data is consistent and accurate.

	
Model building: The next step is to build a mathematical model that can be used to generate recommendations. This may involve using optimization algorithms to identify the optimal solution to a given problem.

	
Model evaluation: Once the mathematical model has been built, it is important to evaluate its performance to ensure that it is accurate and reliable. This may involve testing the model on new data and comparing the recommendations generated by the model to the actual outcomes.

	
Recommendation and decision-making: Finally, the mathematical model can be used to generate recommendations for actions or decisions that can be taken to achieve the desired outcome. These recommendations can then be used to inform decision-making and to identify potential risks and opportunities.
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Figure 1.4: Steps involved in Prescriptive analytics

Overall, the goal of prescriptive analytics is to use data, mathematical models, and optimization algorithms to generate recommendations for actions or decisions that can be taken to achieve the desired outcome. This can help organizations to make more informed and effective decisions, leading to better results.

Importance of Data Analytics

Data analytics is important because it allows us to extract valuable insights and information from data. This information can then be used to make better decisions and improve various processes. For example, data analytics can be used to identify trends and patterns in data, which can help businesses make more informed marketing and sales decisions. Additionally, data analytics can be used to identify inefficiencies and areas for improvement in processes, which can help organizations save time and money.

One of the key advantages of data analytics is that it can help organizations to better understand their customers, employees, and other stakeholders. By analyzing data on customer behavior, preferences, and feedback, organizations can gain a better understanding of their target market and can tailor their products and services to meet the needs of their customers. Similarly, by analyzing data on employee performance, satisfaction, and turnover, organizations can identify factors that may be impacting employee engagement and productivity and can take steps to address those issues.

Another important benefit of data analytics is that it can help organizations make more accurate and reliable predictions about future events. By using predictive analytics techniques, organizations can forecast future trends and patterns, and identify potential risks and opportunities. This enables organizations to plan for the future and make more informed decisions about how to allocate resources and manage operations.

Overall, the importance of data analytics lies in its ability to provide valuable insights and information that can be used to make better decisions and improve various processes. By leveraging the power of data analytics, organizations can gain a better understanding of their customers, employees, and other stakeholders, and make more accurate and reliable predictions about the future.

Data Analytics Methods

There are several data analytics methods and techniques that can be used for data processing and extracting information. Some of the methods that are popular among data analysts are as follows:


	
Regression analysis: Regression analysis is a statistical technique that establishes a relation between a dependent variable and one or more independent variables. A regression model shows how changes made in one or more of the explanatory (independent) variables update the dependent variable. It tries to fit a best-fit line and observe how the data is distributed around this line.

	
Factor analysis: Factor analysis involves taking a large dataset and reducing it to a smaller dataset. Random factor analysis is a statistical technique that randomly collects samples to determine the quality of a firm’s output. It can be compared with fixed factor analysis, where certain variables are kept constant.

	
Cohort analysis: Cohort analysis is a statistical analysis technique in which a data set is broken down into groups of similar data (often into customer demographics), allowing us to dive deeper into a specific group (or cohort) of data.

	
Time series analysis: Time series analysis is a data analytics technique that records data points over an interval of time and tries to figure out how data changes over time. It is used to figure out trends that are cyclical in nature. Using time series analysis, organizations can understand the underlying factors that cause certain systemic patterns or trends over time. Data visualization techniques can be used to see seasonal trends and investigate the cause of these trends.

	
Monte Carlo simulations: Monte Carlo methods are computational algorithms that are used to predict the probability of a variety of outcomes using random sampling. It helps to explain the impact of uncertainty and risk in forecasting models. In Monte Carlo simulation, multiple values are assigned to an uncertain variable, producing multiple results that are then averaged to obtain an estimate.



Data Analytics Tools and Frameworks

Data analytics tools and frameworks in Java are software libraries and platforms that are designed to support the development of data analytics applications. These tools and frameworks provide a range of functionality, including support for data processing, machine learning, and data visualization. There are many data analytics tools and frameworks available in Java. Some of the most popular data analytics tools for Java developers include Apache Hadoop, Apache Spark, Apache Storm, Apache Mahout, JFreechart, and Deeplearning4j.

Apache Hadoop

Apache Hadoop is an open-source software framework for distributed storage and distributed processing of large datasets on computer clusters. It was developed by the Apache Software Foundation and was first released in 2011. Hadoop is designed to scale up from a single server to thousands of machines, each offering local computation and storage. Hadoop is commonly used for big data applications and is a key technology in data lake architecture. It is an essential tool for businesses that need to process and analyze large volumes of data. Hadoop includes several modules, including the Hadoop Distributed File System (HDFS) for storage and the MapReduce programming model for the parallel processing of data.

Apache Hadoop has several key features that make it a powerful tool for data analytics. Some of the main features of Hadoop include:


	
Scalability: Hadoop is designed to scale up from a single server to thousands of machines, each offering local computation and storage. This makes it well-suited for handling large volumes of data.

	
Fault tolerance: Hadoop is built to be resilient to hardware failures. If a node in a Hadoop cluster fails, the system will automatically re-replicate the data and continue processing without interruption.

	
Data locality: Hadoop is designed to move computation to data, rather than moving data to computation. This means that data is processed on the same nodes where it is stored, which can improve performance and reduce network traffic.

	
Flexibility: Hadoop supports a wide range of data types, including structured, unstructured, and semi-structured data. This makes it a versatile tool for data analytics.

	
Ease of use: Hadoop has a simple programming model and includes a number of high-level abstractions, such as MapReduce, that make it easy to develop and run data analytics applications.

	
Open-source: Hadoop is an open-source project, which means that it is freely available and can be freely modified and distributed. This has made it a popular choice for data analytics.



Apache Spark

Apache Spark is an open-source distributed computing platform that is used for big data analytics. It was developed by the Apache Software Foundation and was first released in 2014. Spark is designed to be fast and easy to use, and it includes a range of APIs for working with data in different languages, including Java, Python, and R. Spark is built on top of the Hadoop ecosystem and uses the Hadoop Distributed File System (HDFS) for storage. It is often used in conjunction with other tools in the Hadoop ecosystem, such as Apache Flink and Apache Hadoop, for data processing and analysis. Spark is known for its speed and ability to process large amounts of data in real-time. It is widely used in a variety of industries, including finance, healthcare, and e-commerce.

Apache Spark has several key features that make it a popular tool for big data analytics. Some of the main features of Spark include:


	
Speed: Spark is known for its fast processing speeds, making it well-suited for real-time analytics applications.

	
Ease of use: Spark has a simple programming model and includes high-level APIs for working with data in different languages. This makes it easy to develop and run data analytics applications.

	
Scalability: Spark can scale up from a single machine to a cluster of thousands of machines, making it well-suited for handling large volumes of data.

	
Flexibility: Spark supports a wide range of data types, including structured, unstructured, and semi-structured data. This makes it a versatile tool for data analytics.

	
Streaming: Spark includes a powerful streaming engine that allows for real-time processing of data streams.

	
Integration: Spark is built on top of the Hadoop ecosystem and is compatible with other tools in the Hadoop ecosystem, such as Apache Flink and Apache Hadoop. This allows for seamless integration with other big data tools.

	
Open-source: Spark is an open-source project, meaning it is freely available and can be freely modified and distributed. This has contributed to its popularity in data analytics.



Apache Mahout

Apache Mahout is an open-source machine learning library for data analytics. It was developed by the Apache Software Foundation and was first released in 2008. It provides algorithms and implementations for a range of machine learning techniques, including collaborative filtering, clustering, and classification. Mahout is built on top of the Hadoop ecosystem and uses the MapReduce programming model for distributed computing. It is often used in conjunction with other tools in the Hadoop ecosystem, such as Apache Spark and Apache Flink, for data processing and analysis. Mahout is used in a variety of industries, including finance, healthcare, and e-commerce. It is an essential tool for businesses that need to build machine learning models and make predictions from large datasets.

Apache Mahout has several key features that make it a popular choice for machine learning in data analytics. Some of the main features of Mahout include:


	
Algorithms: Mahout provides a range of algorithms and implementations for machine learning, including collaborative filtering, clustering, and classification.

	
Scalability: Mahout is built on top of the Hadoop ecosystem and uses the MapReduce programming model, which allows it to scale up from a single machine to a cluster of thousands of machines.

	
Integration: Mahout is compatible with other tools in the Hadoop ecosystem, such as Apache Spark and Apache Flink. This allows for seamless integration with other big data tools.

	
Flexibility: Mahout supports a wide range of data types and can be used with different programming languages, including Java and Scala.

	
Open-source: Mahout, being an open-source project, is freely available and can be freely modified and distributed, making it a popular choice for machine learning in data analytics.



Java JFreechart

Java JFreeChart is a free and open-source library for creating charts and graphs in Java. It was developed by David Gilbert and is part of the open-source project JFree. JFreeChart is written in the Java programming language and includes a wide range of chart types, including pie charts, bar charts, line charts, and scatter plots. It also includes a number of features that make it easy to customize charts and integrate them into Java applications. JFreeChart is widely used in a variety of industries, including finance, healthcare, and e-commerce. It is an essential tool for businesses that need to visualize data and communicate results.

Java JFreeChart has several key features that make it a popular choice for data visualization in Java. Some of the main features of JFreeChart include:


	
Chart types: JFreeChart includes a wide range of chart types, including pie charts, bar charts, line charts, and scatter plots. This allows users to visualize data in a variety of ways.

	
Customization: JFreeChart includes a number of features that make it easy to customize charts, such as the ability to add labels, legends, and other annotations.

	
Integration: JFreeChart can be easily integrated into Java applications, allowing users to include charts and graphs in their own programs.

	
Export: JFreeChart supports exporting charts as image files, which can be used in reports, presentations, and other documents.

	
Open-source: JFreeChart is an open-source project, meaning it is freely available and can be freely modified and distributed, making it a popular choice for data visualization in Java.



Deeplearning4j

Deeplearning4j (DL4J) is an open-source deep learning library for the Java programming language. It was developed by the company Skymind and was first released in 2014. DL4J is written in Java and is designed to be used with the Java Virtual Machine (JVM). It is built on top of the Hadoop ecosystem and uses the Hadoop Distributed File System (HDFS) for storage. DL4J is used for a wide range of deep learning tasks, including image and speech recognition, natural language processing, and recommendation systems. It is widely used in a variety of industries, including finance, healthcare, and e-commerce. DL4J is an essential tool for businesses that need to build and deploy deep learning models.

Deeplearning4j (DL4J) has several key features that make it a popular choice for deep learning in Java. Some of the main features of DL4J include:


	
Deep learning algorithms: DL4J includes a range of deep learning algorithms and implementations, including feedforward neural networks, convolutional neural networks, and recurrent neural networks.

	
Scalability: DL4J is built on top of the Hadoop ecosystem and uses the Hadoop Distributed File System (HDFS) for storage. This allows it to scale up from a single machine to a cluster of thousands of machines.

	
Integration: DL4J is compatible with other tools in the Hadoop ecosystem, such as Apache Spark and Apache Flink. This allows for seamless integration with other big data tools.

	
Performance: DL4J is designed to be fast and efficient, with support for GPU acceleration and parallel processing.

	
Java API: DL4J includes a Java API that allows users to easily develop and run deep learning applications in Java.

	
Open-source: DL4J is an open-source project, which means that it is freely available and can be freely modified and distributed. This has made it a popular choice for deep learning in Java.



Apache Storm

Apache Storm is an open-source distributed real-time computation system. It was developed by the Apache Software Foundation and was first released in 2011. Storm is designed to be fast, scalable, and fault-tolerant, making it well-suited for processing streams of data in real-time. Storm is commonly used for processing large volumes of data in real-time, such as in applications like real-time analytics, online machine learning, and Internet of Things (IoT) applications. It is built on top of the Hadoop ecosystem and uses the Hadoop Distributed File System (HDFS) for storage. Storm is widely used in a variety of industries, including finance, healthcare, and e-commerce.

Apache Storm has several key features that make it a popular choice for real-time data processing. Some of the main features of Storm include:


	
Real-time: Storm is designed for real-time processing of streams of data. It can process millions of events per second, making it well-suited for applications that require fast and accurate results.

	
Scalability: Storm can scale up from a single machine to a cluster of thousands of machines, making it well-suited for handling large volumes of data.

	
Fault tolerance: Storm is built to be resilient to hardware failures. If a node in a Storm cluster fails, the system will automatically re-process the data and continue processing without interruption.

	
Ease of use: Storm has a simple programming model and includes a number of high-level abstractions, such as bolts and spouts, that make it easy to develop and run real-time data processing applications.

	
Integration: Storm is compatible with other tools in the Hadoop ecosystem, such as Apache Spark and Apache Flink. This allows for seamless integration with other big data tools.

	
Open-source: Storm is an open-source project, meaning it is freely available and can be freely modified and distributed, making it a popular choice for real-time data processing.



Conclusion

In this chapter, we learned the fundamentals of data analytics using Java, including different types of data analytics such as descriptive, predictive, and prescriptive analytics, and explored why data analytics is important. We also looked at some of the main techniques of data analytics, such as regression analysis, time-series analysis, and others. Additionally, we explored important tools and frameworks for data analytics in Java, such as Apache Hadoop, Spark, and others.

In the next chapter, Datasets, we will learn about data, datasets, and how to generate and work with them.

Questions


	What is data analytics? What are the different types?

	What is predictive analytics?

	Why is data analytics important?

	Explain some of the important data analytics methods.

	Write some of the popular data analytics tools and frameworks in Java.

	What is Apache Hadoop? Write some of its features that make it a popular framework.




Points to Remember



	
Data Analytics is the act of examining or analyzing data to find useful information or trends in the data.

	Data Analytics methods can be categorized as descriptive analytics, predictive analytics, and prescriptive analytics.

	
Descriptive analytics is the simplest form of analytics, focusing on describing past data and trying to answer the question, “What happened?”.

	
Predictive analytics uses statistics, predictive modeling, and machine learning techniques to analyze current and historical data to make predictions about the future. It tries to answer the question, “What will happen?”.

	
Prescriptive analytics determines an optimal course of action from data. It tries to answer the question, “What should be done?”.

	
Regression analysis is a statistical technique that establishes a relation between a dependent variable and one or more independent variables.

	Some of the most popular data analytics tools for Java developers include Apache Hadoop, Apache Spark, Apache Storm, Apache Mahout, JFreechart, and Deeplearning4j.

	Apache Hadoop is an open-source software framework for distributed storage and distributed processing of large datasets on computer clusters.

	Java JFreeChart is a free and open-source library for creating charts and graphs in Java.

	
Deeplearning4j (DL4J) is an open-source deep learning library for the Java programming language.









CHAPTER 2


Datasets



Introduction

In this chapter, we will focus on handling and manipulating data. We will explore the various types of data and how to create datasets. To effectively analyze data, it is important to first standardize it through a process called pre-processing. We will cover pre-processing techniques such as handling missing values in data, converting data types, cleaning data, scaling or normalizing variables, encoding categorical variables, removing outliers and feature engineering using the Apache Spark framework in Java.

Structure

In this chapter, we will cover the following topics:


	Types of Data

	Datasets

	Generating Datasets

	Pre-processing Data



Types of Data

There are various categories of data, each with its own specific characteristics. These characteristics, known as data types, not only define the structure of the data but also determine which operations can be performed on it. For instance, numerical data allows for arithmetic operations to be performed, while text data does not. The data type of an item can affect how much storage space it requires in a computer. For example, a decimal value like 2.50 may require 4 bytes (32 bits) of storage, while a web address such as https://youtube.com may need 20 bytes (160 bits) of storage. The following table provides a quick reference for readers to understand the size and range characteristics of each data type:








	
Data Type


	
Size (in bits)


	
Range





	
Byte


	
8


	
-128 to 127





	
Short


	
16


	
-32,768 to 32,767





	
Int


	
32


	
-231 to 231-1





	
Long


	
64


	
-263 to 263-1





	
Float


	
32


	
Approx ±3.40282347E+38





	
Double


	
64


	
Approx ±1.7976931348623157E+308





	
String


	
Reference


	
NA






Table 2.1: Size and Range of Data types in Java

In Java, there are several data types that can be classified as numeric, text, or object types. This chapter will focus on the following categories of data types:

Numeric Data Types

In Java, there are several numeric data types that can be used to represent numbers. These can be categorized into Integral and Floating-point types.

Integral Types

In Java, there are several integral data types that can be used to represent integers (whole numbers) in different ranges. These include byte, short, int, and long.


	
byte: The byte data type is an 8-bit signed two’s complement integer. It has a minimum value of -128 and a maximum value of 127. It is typically used to save memory in large arrays, where the memory savings are most significant.

	
short: The short data type is a 16-bit signed two’s complement integer. It has a minimum value of -32768 and a maximum value of 32767. It is also used to save memory in large arrays, but not as often as bytes.

	
int: The int data type is a 32-bit signed two’s complement integer. It has a minimum value of -2^31 and a maximum value of 2^31 -1. It is the most commonly used integral data type in Java and is the default type used for integer literals.

	
long: The long data type is a 64-bit signed two’s complement integer. It has a minimum value of -2^63 and a maximum value of 2^63 -1. It is used when a value needs to be stored that is too large to fit in an int.



Floating-Point Types

These include float and double, which can store decimal numbers of various sizes and precisions.


	
float: The float data type is a single-precision 32-bit IEEE 754 floating point. It is used to represent decimal numbers. It is less precise than double and should not be used for precise calculations.

	
double: The double data type is a double-precision 64-bit IEEE 754 floating point. It is used to represent decimal numbers and is the default type used for floating-point literals. It is more precise than float and should be used for precise calculations.



Text Data Types

In Java, the main text data type is the String class. A String is an object that represents a sequence of characters. It is a reference type and not a primitive type, although it is often used in a similar way.

Here are some key features of the String class:


	Strings are immutable, meaning that once a String object is created, its value cannot be changed. Any operations that appear to modify a String will create a new String object with the modified value.

	Strings can be concatenated using the + operator or the concat() method.

	Strings can be compared using the equals() method or the == operator.

	Strings can be searched for substrings or characters using the indexOf() and lastIndexOf() methods.

	Strings can be modified by creating new strings with a modified value, for example, by extracting a substring, replacing characters, or converting to upper or lowercase.



In addition to String, Java also provides StringBuilder and StringBuffer classes which are mutable alternatives to String. They also provide methods for inserting, deleting and replacing characters and for concatenation. StringBuffer is thread-safe, meaning it can be used in multithreading environments, but with the cost of performance. While StringBuilder is not thread-safe, it offers better performance.

It’s worth noting that the Char class can also be used to represent a single character, it’s a wrapper class for the primitive data type char.

Object Data Types

In Java, an object is an instance of a class. The class defines the properties and methods of the object, and the object contains the actual data.

An object data type, also known as a reference data type, is a variable that holds a reference to an object, rather than holding the object’s data directly. When you create an object, Java automatically assigns a memory address for that object, and the reference variable holds that memory address. This allows you to create multiple variables that refer to the same object, and changes made to the object through one variable will be visible through all variables that refer to that object.

Here are some key features of object data types in Java:


	
Object data types are declared using the class name followed by the variable name. For example, Employee emp1 = new Employee(); creates a new object of type Employee and assigns it to the variable emp1.

	
Object data types are initialized using the new keyword, which is used to create an instance of the class.

	
Object data types can have methods and properties, which are defined by the class.

	
Object data types can be null, meaning that they do not refer to any object.

	
Object data types can be compared using the == operator, which compares the memory addresses of the objects, or the equals() method, which compares the content of the objects.

	
Object data types can be passed as arguments to methods and returned from methods.



In addition to classes, Java also provides several built-in classes such as Object, Class, String, Array, and so on, which act as object data types.

Datasets

A dataset is a collection of data that is organized and structured for a specific purpose. Datasets are often used in machine learning and data analysis to train and test models, as well as to perform various statistical analyses.

There are many different types of datasets, and they can vary in size, structure, and content. Some common characteristics of datasets include:


	
Variables: A dataset typically consists of one or more variables, which are the characteristics or attributes being measured or recorded. For example, in a dataset of student test scores, the variables might include student name, age, gender, test score, and grade level. Variables are the columns of the dataset; they can be either quantitative or qualitative and can have different levels of measurement. Here is a more detailed explanation of each of these aspects:

	
Quantitative versus Qualitative: Variables can be either quantitative or qualitative. Quantitative variables are numerical and represent a measurable value, such as age, weight, or income. Qualitative variables, also known as categorical variables, represent a non-numerical value such as a name, a color, or a category.

	
Levels of Measurement: Variables can have different levels of measurement, which describe the properties and characteristics of the data.

	
Nominal: Variables that are measured on a nominal level are used to identify or label data, for example, a customer ID or a product category. They don’t have any order or ranking, and the difference between the values is not meaningful.

	
Ordinal: Variables that are measured on an ordinal level have a meaningful order or ranking but the difference between the values is not meaningful, for example, a survey question that asks “How satisfied are you with our service?” with answer options such as “very satisfied, satisfied, neutral, dissatisfied, very dissatisfied”.

	
Interval: Variables that are measured on an interval level have a meaningful order or ranking and the difference between the values is meaningful, but there is no true zero point, for example, temperature measured in Celsius.

	
Ratio: Variables that are measured on a ratio level have a meaningful order or ranking, the difference between the values is meaningful, and there is a true zero point, for example, weight or length.
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