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Preface





In the rapidly evolving landscape of data engineering, the ability to harness vast amounts of data efficiently and derive meaningful insights has become paramount. As organizations grapple with the challenges posed by big data, the need for robust, scalable, and user-friendly platforms has never been greater. Enter Databricks – a unified analytics platform that has revolutionized the way we approach data engineering and analytics.


Mastering Data Engineering and Analytics with Databricks is born out of a passion for learning and a desire to share knowledge with the data community. This book is designed to be your comprehensive guide to mastering data engineering techniques using the Databricks platform. Whether you're a seasoned data professional looking to expand your skillset or a newcomer eager to dive into the world of big data, this book has something for everyone.


Throughout the 19 chapters of this book, we will embark on a journey that covers the entire spectrum of data engineering with Databricks. From setting up your environment and understanding the basics of data extraction and loading, to advanced topics like streaming data processing, Delta Live Tables, and AI/ML integration, we have crafted a learning path that progressively builds your expertise.


Here is a glimpse of what you can expect:


Chapter 1. Introducing Data Engineering with Databricks: This chapter sets the foundation for the entire book. It introduces the concept of data engineering and its significance in the data science lifecycle. Readers will learn about the various stages of data engineering and how it differs from data science. The chapter then introduces Databricks, explaining its architecture and unique features that make it a popular choice for data engineers. By the end of this chapter, readers will have a solid understanding of data engineering basics and an overview of Databricks.


Chapter 2. Setting Up a Databricks Environment for Data Engineering: This chapter guides readers through the process of creating an Azure Databricks workspace. It covers the setup of a DS/ML cluster and notebook, explaining how to choose the right configuration based on specific needs. The chapter also introduces concepts like workflows and Delta Live Pipelines for building ETL and streaming data pipelines. Finally, it discusses the Unity Catalog for metadata management. This chapter equips readers with the practical skills to set up all required resources for a data engineering project in Databricks.


Chapter 3. Working with Databricks Utilities and Clusters: Readers will dive deeper into Databricks utilities such as Databricks File System (DBFS), Databricks Runtime, and Databricks CLI. The chapter covers cluster configuration, including auto-scaling and instance pools. It also teaches how to use the Databricks REST API for programmatic cluster management. By the end of this chapter, readers will be proficient in using Databricks utilities and managing clusters effectively.


Chapter 4. Extracting and Loading Data Using Databricks: This chapter focuses on the crucial first step of the ETL process: data extraction and loading. It covers various data sources supported by Databricks and explores techniques for extracting data from different file formats. The chapter delves into using Databricks connectors and APIs for data ingestion, and teaches how to load data into Delta Lake. It also addresses important considerations like schema management, partitioning, and data validation during the extraction process.


Chapter 5. Transforming Data with Databricks: Building on the previous chapter, this chapter explores data transformation techniques in Databricks. It covers various transformation methods including filtering, aggregating, joining, and pivoting. The chapter also teaches how to create and apply custom functions for data transformation. Readers will learn best practices for data transformation and cleansing techniques to improve data quality. The chapter concludes with guidance on creating Silver and Gold layers in the ETL process and implementing incremental load strategies.


Chapter 6. Handling Streaming Data with Databricks: This chapter introduces the concept of streaming data and its challenges. It explores the high volume, rapid velocity, and diverse variety of real-time data streams. Readers will learn how to handle streaming data in Databricks, including setting up streaming pipelines, working with streaming APIs, and implementing real-time analytics. The chapter also covers best practices for managing streaming data at scale.


Chapter 7. Creating Delta Live Tables: Delta Live Tables are introduced in this chapter as a powerful tool for building reliable, maintainable data pipelines. The chapter explains how to create and manage Delta Live Tables, implement quality control measures, and use them for both batch and streaming data. Readers will learn how to leverage Delta Live Tables to simplify their data engineering workflows and improve data reliability.


Chapter 8. Data Partitioning and Shuffling: This chapter delves into the nuances of data partitioning and shuffling within Spark and Databricks. It explains how these processes impact performance in a distributed computing environment. Readers will learn strategies for effective data partitioning, techniques to optimize shuffling operations, and how to avoid common pitfalls that can lead to performance bottlenecks.


Chapter 9. Performance Tuning and Best Practices: Focusing on optimization, this chapter teaches readers how to identify and address performance bottlenecks in their Databricks applications. It covers a wide range of topics including query optimization, resource management, caching strategies, and Spark configuration tuning. By the end of this chapter, readers will have the skills to significantly improve the performance of their data engineering workflows.


Chapter 10. Workflow Management: This chapter explores the essentials of managing and automating data engineering workflows in Databricks. It covers topics such as job scheduling, dependency management, and error handling in complex data pipelines. Readers will learn how to use Databricks' workflow tools to orchestrate end-to-end data processes efficiently and reliably.


Chapter 11. Databricks SQL Warehouse: The concept of serverless SQL warehouses is introduced in this chapter. Readers will learn how Databricks harnesses serverless compute for SQL workloads, reducing operational overhead. The chapter covers setting up and optimizing SQL warehouses, writing efficient SQL queries, and integrating SQL workflows with other Databricks components.


Chapter 12. Data Storage and Unity Catalog: This chapter focuses on data storage solutions in Databricks and the use of Unity Catalog for data governance. It covers topics such as data lake architecture, Delta Lake optimizations, and data versioning. Readers will learn how to use Unity Catalog to manage metadata, control access to data assets, and ensure data lineage across their Databricks environment.


Chapter 13. Monitoring Databricks Clusters and Jobs: Monitoring is crucial for maintaining healthy data pipelines. This chapter teaches readers how to monitor Databricks clusters and jobs effectively. It covers cluster performance metrics, job monitoring techniques, and how to set up alerts and dashboards. Readers will learn how to proactively identify and resolve issues in their Databricks environment.


Chapter 14. Production Deployment Strategies: This chapter focuses on strategies for deploying Databricks solutions to production environments. It covers topics such as environment management, version control, and continuous integration/continuous deployment (CI/CD) practices for data pipelines. Readers will learn best practices for ensuring smooth, reliable transitions from development to production.


Chapter 15. Maintaining Data Pipelines in Production: Building on the previous chapter, this chapter delves into the ongoing maintenance of data pipelines in production. It covers topics such as monitoring data quality, handling schema evolution, and implementing data recovery strategies. Readers will learn how to ensure the long-term reliability and scalability of their Databricks data pipelines.


Chapter 16. Managing Data Security and Governance: Data security and governance are critical in any data engineering project. This chapter explores Databricks' security features, including data encryption, access control, and audit logging. It also covers data governance practices, helping readers ensure compliance with data regulations and internal policies.


Chapter 17. Real-World Data Engineering Use Cases with Databricks: This chapter presents detailed case studies from various industries, demonstrating how Databricks is used to solve real-world data engineering challenges. It covers examples from FMCG, healthcare, and automobile sectors, providing readers with practical insights into applying Databricks in different business contexts.


Chapter 18. AI and ML Essentials: This chapter introduces essential concepts in Artificial Intelligence and Machine Learning as they relate to data engineering. It covers topics such as feature engineering, model training and deployment, and MLOps practices in Databricks. Readers will learn how to integrate AI and ML workflows into their data engineering pipelines.


Chapter 19. Integrating Databricks with External Tools: The final chapter explores how to integrate Databricks with external tools and services. It covers integration with popular BI tools, data visualization platforms, and other cloud services. Readers will learn how to create a comprehensive data ecosystem with Databricks at its core, leveraging a wide range of data tools and services.


What sets this book apart is its practical approach. Each chapter is filled with hands-on examples, best practices, and real-world scenarios that you can immediately apply to your projects. We have distilled complex concepts into digestible chunks, ensuring that you not only understand the 'how' but also the 'why' behind each technique.


The goal is to empower you with the knowledge and skills needed to excel in the field of data engineering. The inspiration for this book comes from countless interactions with colleagues, mentors, and students – all of whom have contributed to the learning journey in some way. It is this collaborative spirit of the data community that the book aims to capture and pass on through these pages.


Remember, data engineering is not just about writing code or managing databases; it is about solving real-world problems and driving business value through data. As you progress through this book, remember to think critically, experiment boldly, and always keep the end goal in sight.


Whether you are looking to build scalable data pipelines, implement real-time analytics, or lay the groundwork for advanced AI and ML applications, Mastering Data Engineering and Analytics with Databricks will be your trusted companion.


So, let us embark on this exciting journey together. May this book inspire you to push the boundaries of what is possible with data and spark your curiosity to keep learning and innovating.


Happy coding and data engineering!
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Getting Started with Data Engineering and Databricks









CHAPTER 1


Introducing Data Engineering with Databricks



Introduction

Welcome to the world of data engineering! In this chapter, we will be discussing the basics of data engineering and its significance in the world of data science. Data engineering plays a crucial role in the data science lifecycle by ensuring that data is prepared, processed, and transformed into a usable format for analysis.

We will begin by exploring the various stages of data engineering and how it differs from data science. We will then introduce you to Databricks, a cloud-based data engineering platform that enables organizations to process and analyze massive amounts of data at scale.

We will dive into the architecture of Databricks and its unique features that make it a popular choice among data engineers. By the end of this chapter, you will have a good understanding of the basics of data engineering, an overview of Databricks, and an idea of what to expect in the subsequent chapters. So, let us get started!

Structure

In this chapter, we will cover the following topics:


	The Basics of Data Engineering

	Overview of Databricks

	Databricks Architecture




The Basics of Data Engineering


If you are interested in Data Science and Machine Learning, you may have come across terms such as Data Mining, Data Wrangling, and Data Engineering. Data Engineering is a critical part of any organization’s data ecosystem, serving as the foundation for the entire system.

To put it simply, Data Engineering is the process of designing, building, and maintaining the infrastructure that allows data to be stored, processed, and analyzed. This includes tasks such as data collection, data transformation, data modelling, data integration, and data quality control.

Data Mining and Data Wrangling are two tasks that fall under the umbrella of Data Engineering. Data Mining involves using statistical techniques to extract patterns and insights from data, while Data Wrangling is the process of cleaning, organizing, and preparing data for analysis.

In short, Data Engineering is a crucial component of any data-driven organization, providing the backbone for data processing and analysis. By understanding the key concepts and terminology of Data Engineering, you will be better equipped to navigate the world of Data Science and Machine Learning.

Let us understand some key topics or terminology of data engineering.

Data

Data refers to a set of information that includes various facts and figures related to a topic. This information can come in many forms, such as numbers, words, measurements, and observations.

For example, if we want to study the weather patterns in a region, we may collect data such as temperature readings, humidity levels, and precipitation amounts. This information can help us identify patterns and trends in the weather, which can be used to make predictions or inform decision-making.

Let us understand some key concepts of data:

Data Layers

Data transformed at different stages is saved in one of your data landing zones in data lakes. The data is available for consumption by your analytics, data science, and visualization teams.

Data lake layers use different terminology depending on technology and vendor; see the following table for terms used in cloud analytics:









	
Cloud-scale analytics


	
Delta Lake


	
Other terms


	
Description





	
Raw


	
Bronze


	
Landing and Conformance


	
Ingestion





	
Enriched


	
Silver


	
Standardization

Zone


	
Refined Tables. The stored full entity, consumption-ready record sets from systems of record.





	
Curated


	
Gold


	
Product Zone


	
Feature or aggregated tables. Primary zone for applications, teams, and users to consume data products.






Table 1.1: Data Layers in Cloud Data Lakes

Raw Data

Raw data is information that has not been organized or analyzed. It can be in the form of text, audio, or video and can come from sources like surveys or sensors. Examples include website clicks, survey responses, and readings from sensors.

Suppose you are obtaining data from the Facebook API, which provides data in JSON format. If you receive this data and store it without making any changes to its format or structure, it is known as raw data. This data has not been processed, cleaned, or organized in any way and may need further treatment before it can be analyzed.

Enriched Data

Enriched data is raw data that has been processed and augmented with additional information to make it more useful for analysis. For example, adding geolocation information to customer transaction data to analyze buying behavior based on location.

To analyze data obtained from the Facebook API, you may need to remove any irrelevant information and add some additional information, such as the country of origin, age group, and location. This process of cleaning and enhancing the data is known as feature engineering, or enriching the data. By doing this, the data becomes more valuable and useful for analysis, helping you to gain deeper insights and make better decisions.

Curated Data

Curated data refers to data that has been carefully selected, organized, and enhanced to make it more valuable and useful for a specific purpose, such as analytics or research.

Suppose your company uses the aforementioned Facebook API to collect data on its ad campaigns. They may have data on the number of clicks an ad received in a specific region or the number of views a video ad got in a city. Grouping this data by age group, city, year, month, or any other category will be known as data curation; this helps in organizing and analyzing this data to gain insights into which ad campaigns are most effective for different demographics.

Big Data

Big data refers to large and complex data sets that come from various sources such as social media, sensors, and videos.

For example, imagine a hospital that collects patient data from various sources, such as electronic health records, medical imaging, and lab results. The hospital may also receive real-time data from medical devices and sensors, monitoring patients’ vital signs. All this data can be considered big data, and analyzing it can help doctors identify patterns and predict potential health issues, leading to better patient care.

Data Quality

Data quality refers to the accuracy, completeness, consistency, and reliability of data.

In the aforementioned hospital example, if patient data is recorded using only the first name without any unique identifier, it may lead to confusion if two patients have the same name. This can result in incorrect diagnoses and treatments, leading to adverse patient outcomes. Similarly, if blood reports are collected without recording the symptoms, doctors may find it difficult to identify the patient’s condition accurately.

Master Data/Dimensions

Master data, or dimensions, are the key data elements that are common across an organization and used to support critical business operations. This includes information such as customer, product, and employee data.

In the hospital example, if we create a table with patient information like name, ID, address, phone number, age, and registration date, it is called a patient dimension or a patient master. This table contains important patient data that doesn’t change frequently, such as name and address. These types of tables are also called slowly changing dimensions because the data in them does not change very often.

Transactions/Facts

Transactions refer to a set of operations that are performed as a single logical unit of work, typically involving multiple data manipulations, intending to ensure the consistency and reliability of the database.

In the Hospital, if we create a table that contains all visit information or Customer Medicine record, it will be known as a fact or transaction table. This is different from dimension because data keeps adding to this table with time.

Times Series Data

Time series data refers to a type of data that is collected in specific time intervals, such as daily, weekly, or monthly. It can be used to analyze trends and patterns in data over a certain period.

Data Serialization

Data Serialization is the process of converting data into a specific format that can be easily stored or transmitted. It helps reduce the size of data and enables different systems to communicate with each other.

An example of data serialization is when data is converted into a JSON or XML format for storage or transmission over the internet.

Let us understand some popular data serialization methods:

Parquet

Parquet is a columnar storage file format used for big data processing. It stores data in a way that makes it efficient to read only the columns needed, reducing processing time and cost.

For example, a company can use Parquet to store and process large amounts of sales data, allowing for quick and easy analysis of sales by region or product category.

JavaScript Object Notation (JSON)

JavaScript Object Notation (JSON) is a lightweight data format used to exchange data between different systems. It uses a simple text format that can be easily read and written by humans and computers. JSON data consists of key-value pairs and is often used in web development to transmit data between a server and a client.

For example, a weather app may use JSON to retrieve and display current weather data from a server.

{

"Name":" John",

"Age":25,

"City":" NY"

}

In this example, the key-value pairs represent the person’s name, age, and city of residence. JSON is often used with Application Programming Interfaces (APIs) to transfer data between web applications and servers.

Comma Separated Values (CSV)

CSV, or Comma Separated Values, is a file format used to store data in a structured way. Each row of the file represents a record, and each record has several fields that are separated by commas. It is easy to create and read, making it a popular format for storing and exchanging data between different software applications.

For example, a student can create a CSV file to store a list of their friends’ names, ages, and email addresses.

Schema

A schema is a blueprint or plan that describes the structure and organization of data in a database or file. It defines how the data is stored, what types of data are present, and how they relate to each other.

For example, a schema for an online shopping website might include tables for customers, orders, and products, with fields such as name, ID number, price, and quantity. When you define your table structure, datatypes for columns make data consistent and easy to consume by applications.

Following are the primary concepts you need to know to understand the uses of schema:

Schema-on-write

Schema-on-write is a data processing approach where data is validated and structured before it is stored in a database.

If you have experience with SQL databases, before we store any data in the database, we create a table structure, define keys and data types, and then insert data into this table. This is defining schema-on-write.

Schema-on-read

Schema-on-read is a method of data processing where the data is stored as is and the structure of the data is applied during analysis. This approach allows for more flexibility in data analysis, as the data structure can be changed without the need to modify the original data.

Example: Data is captured from an API and dumped in storage as is, without any treatment. Now we apply data types and formatting while we read from this Storage location, it will be known as Schema-on-read.

Schema Evolution

Schema evolution refers to the ability of a database or data storage system to modify or evolve its schema over time without affecting the existing data. For example, adding a new column to a table without losing any previously stored data.

An example of schema evolution could be a software company that adds new features to its product, which requires changes to the underlying database schema to accommodate the new data fields.

Distributed Systems

Distributed Systems are computer systems that consist of multiple independent components working together to achieve a common goal. Each component is physically separated from the others, but they work together as if they were a single system.

For example, a website that is accessed by users all over the world is an example of a distributed system, as it has servers located in different parts of the world that work together to serve users’ requests.

Let us understand the different components of distributed systems:

Cluster

A cluster refers to a group of interconnected computers that work together as a single system to perform tasks. Each computer in the cluster is known as a node, and they communicate with each other to share workloads and provide redundancy.

For example, if you want to process high-volume data and your laptop is not capable of processing it due to limited computing power, you can get multiple laptops, connect all of them on a single network, and distribute the work to multiple laptops using some distribution software. This infrastructure will be called a cluster, where one laptop with the distribution software installed will be known as the driver, and the rest all who are executing tasks will be known as workers or executors.

Node

A node is a single computing device that is part of a larger network or distributed system.

In the aforementioned example, each laptop will be known as a node.


Vertical Scaling


Vertical scaling refers to increasing a single machine or server’s resources (example, CPU, RAM, or storage) to improve its performance and capacity to handle more workload.

For example, adding more RAM to one laptop in the preceding cluster to make it faster is called vertical scaling

Horizontal Scaling

Horizontal scaling is the process of increasing the capacity of a distributed system by adding more machines to the existing network.

An example of horizontal scaling is adding more laptops or nodes to the preceding cluster.

Replication

Replication is the process of copying and distributing data across multiple nodes in a distributed system to improve availability and reliability.

For example, you got a dataset with data from three countries (Figure 1.1: Each color represents one country), and it cannot be processed by one node, so you want to distribute work to different nodes. One method is to distribute code to each node, and the node will read data from the driver or some central location while processing it. This process will be impacted by network speed as multiple nodes demand data at the same time. The second method is to send the data to a node while distributing the work, so the node will have the data available nearest to processing.


[image: ]


Figure 1.1: Replication of data in each node of a cluster


Partitioning


Partitioning, also known as sharding, is a technique used in distributed systems to horizontally divide data into smaller, more manageable pieces. Each piece is then stored on separate nodes to enable faster and more efficient processing of data.

For example, we know each node is going to process a specific country’s data (Figure 1.2: Each color represents one country), so we only distribute that country’s data to that node. It will improve distribution speed and save on network and memory costs.


[image: ]


Figure 1.2: Partitioning and sending each partition to each node of a cluster

Data Locality

Data locality refers to the concept of storing and processing data on the same physical server or cluster node to reduce network traffic and improve performance. The same was explained in the aforesaid example.

Rebalancing Partitions

Rebalancing partitions refers to the process of redistributing data partitions across a cluster of nodes in a distributed system. This is done to maintain uniform data distribution and prevent the overloading of individual nodes.

In the previously mentioned examples, if one partition gets too much data or if some nodes are removed from the cluster, we need to move data to another node, which is referred to as rebalancing of partitions.


Overview of Databricks


Databricks is a data analytics platform designed to handle big data processing and machine learning workloads. It simplifies the process of building, training, and deploying machine learning models with its collaborative workspace and easy-to-use tools. It allows teams to work together on data analysis, manage workflows, and share their findings with others. For example, a marketing team could use Databricks to analyze customer behavior data and develop more effective marketing campaigns based on their findings.

Databricks is developed by the creators of Apache Spark that can be accessed through the internet. It is a viable alternative to the MapReduce system and is said to be hundred times faster than Apache Spark.

Let us understand a bit about Apache Spark:

Apache Spark is an open-source big data processing framework that provides fast and general-purpose cluster computing. It was developed to handle large-scale data processing, machine learning, and real-time streaming analytics. Spark can process data much faster than other data processing frameworks such as Hadoop and Flink because it uses in-memory computing. Spark provides a programming model for distributed processing and supports various programming languages such as Python, Scala, and Java. It can be integrated with Databricks to enhance the data processing capabilities of the platform. By utilizing Spark, users can perform complex data operations, machine learning, and other data analysis tasks at scale.

We use Apache Spark when we need to process large amounts of data quickly and efficiently. It is particularly useful in situations where we need to analyze data in real time, such as in financial transactions, social media monitoring, or web log analysis.

For example, imagine you and your friends need to complete a group project. Apache Spark is like a super-smart group leader who helps divide the work efficiently, manages everyone’s contributions, and ensures the final project is completed quickly and accurately.

Apache Spark can be challenging to work with as it requires advanced programming skills and knowledge of distributed systems. However, Databricks has simplified it to such an extent that even with a basic understanding of Spark and some Python coding experience, one can work as a data engineer in Databricks.

Let us understand the key components of the Databricks platform:


	
Databricks Workspace: A database workspace is a virtual environment that provides users with the tools and resources to manage and organize their databases. It includes a collection of related databases and tools that allow users to store, manage, and analyze data efficiently. 
For example, a database workspace can be used by a research team to collaborate on a project, store data, and analyze it together.



	
Databricks Machine Learning: Databricks Machine Learning is a platform for building, deploying, and managing machine learning models at scale. It is designed to simplify the end-to-end machine learning process, from data preparation to model deployment.
For example, a student could use Databricks Machine Learning to analyze a large dataset of student grades and identify factors that are correlated with academic success, such as attendance, study habits, or extracurricular activities.



	
Databricks SQL Analytics: Databricks SQL Analytics is a data analysis tool that helps users to query and visualize data using SQL. It allows users to explore and analyze large datasets without the need for complex coding or data processing. 
For example, a business analyst can use Databricks SQL Analytics to quickly identify trends in customer data and create visualizations to help inform business decisions.



	
Databricks Integrations: Databricks Integrations refer to the various third-party tools and services that can be seamlessly integrated with the Databricks platform. It allows users to easily connect and interact with data from other sources, such as cloud storage services, databases, and data visualization tools. 
For example, a user can use Databricks to connect with a cloud storage service such as Amazon S3 and retrieve data for analysis.





Key Features of Databricks

Databricks has a variety of features that make it easy to work with data from different sources and with different tools. Let us look at some of the important features of Databricks that can help users:


	
Language: Databricks offers a notebook interface that supports multiple coding languages such as Python, R, Scala, and SQL. Developers can use different coding languages in the same environment to perform various tasks. 
For example, they can use Spark SQL for data transformation, Scala for model predictions, Python for model performance evaluation, and R for data visualization.



	
Productivity: Databricks makes work easier by providing a workspace for data scientists, engineers, and business analysts to collaborate on projects. This allows for frequent changes to be made quickly and easily, which helps speed up development. Databricks also has a built-in version control tool that helps keep track of recent changes, so there is no need to spend time searching for them. 
For example, if a team of data scientists and engineers are working on a project, they can collaborate in the same workspace, making changes and updates in real-time.



	
Flexibility: Databricks is designed to work with Apache Spark, which is optimized for Cloud environments. This means that it can handle both small and large-scale jobs. For instance, it can be used for simple tasks such as development and testing, or it can be used for complex jobs such as processing Big Data. If a cluster is not being used, Databricks automatically shuts it down to save resources and ensure high availability. This makes it easy to use and cost-effective.



Databricks Architecture

Databricks Architecture refers to the way the different components of the Databricks platform are organized and interact with each other to process data.

At the core of the architecture is the cluster, which is a group of servers that work together to process data using Apache Spark. The cluster can be configured to suit different workloads, such as batch processing or streaming.

The architecture also includes the Databricks Workspace, which is a web-based interface where users can create and manage their Spark applications. The Workspace includes tools for developing, testing, and deploying Spark code.

Other components of the Databricks Architecture include libraries for machine learning and data visualization, as well as security features for protecting data and controlling access to the platform.

Databricks is designed to allow different teams to work together safely and securely while also letting Databricks handle some important technical tasks in the background. This means you can focus on your work in data science, data analytics, and data engineering without worrying too much about the technical details.

There are two main parts to Databricks: the control plane and the data plane. These work together to manage and process data.

The way Databricks is set up can be different depending on how you customize it, but the following diagram shows the most common way:
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Figure 1.3: Databricks Architecture. Reference: Databricks architecture overview (https://docs.databricks.com/getting-started/overview.html)

Conclusion

In this chapter, the basics of data engineering and its significance in the world of data science have been introduced. Data engineering is the process of designing, building, and maintaining the infrastructure that allows data to be stored, processed, and analyzed, and it includes tasks such as data collection, data transformation, data modeling, data integration, and data quality control. Data mining and data wrangling are two tasks that fall under the umbrella of data engineering. Databricks, a cloud-based data engineering platform that enables organizations to process and analyze massive amounts of data at scale, has also been introduced. The architecture of Databricks and its unique features that make it a popular choice among data engineers have been discussed. Additionally, some key concepts and terminology in data engineering, such as data layers, raw data, enriched data, curated data, and big data, have been explained.

In the next chapter, we will learn how to configure the Azure Databricks workspace and the different components in it to start working with data engineering.

Multiple Choice Questions


	What is Data Engineering? 

	The process of cleaning and transforming data for analysis

	The process of analyzing data to identify trends and insights

	The process of creating data visualizations and reports

	The process of collecting, storing, and processing data for analysis





	What is Apache Spark?

	A distributed computing framework for processing big data

	A database management system for storing and querying data

	A data visualization tool for creating charts and graphs

	A machine learning library for data analysis





	What is Databricks? 

	A database management system for storing and querying data

	A data visualization tool for creating charts and graphs

	A cloud-based data processing platform built on Apache Spark

	A machine learning library for data analysis





	What is a data pipeline? 

	The process of collecting, transforming, and loading data from various sources into a single location for analysis

	The process of visualizing data using charts and graphs

	The process of analyzing data to identify trends and insights

	The process of creating machine learning models to predict future outcomes





	What is the role of Databricks Delta in Data Engineering? 

	To provide a data storage system for both structured and unstructured data

	To enable querying of structured and semi-structured data using SQL

	
To process and analyze streaming data in real time

	To enable the creation and management of machine learning models







Answers


	d

	a

	c

	a

	a



Questions


	What is the role of data engineering in the data science lifecycle?

	What is Databricks, and how does it enable organizations to process and analyze large amounts of data?

	How does data engineering differ from data science?

	What are the key concepts and terminology of data engineering?

	What is raw data, and how is it different from enriched and curated data?

	What is big data, and what are some examples of sources of big data?

	What are some common data formats used in Data Engineering?

	What are some common data storage solutions used in Data Engineering?

	What are the tasks that fall under the umbrella of data engineering?

	What is Apache Spark?



References/Links


	https://learn.microsoft.com/en-us/azure/databricks/introduction/

	https://learn.microsoft.com/en-us/azure/databricks/scenarios/what-is-azure-databricks-ws

	https://learn.microsoft.com/en-us/azure/databricks/sql/

	https://learn.microsoft.com/en-us/azure/databricks/getting-started/overview

	https://hevodata.com/learn/what-is-databricks/#6









CHAPTER 2


Setting Up a Databricks Environment for Data Engineering



Introduction

This chapter focuses on setting up a Databricks environment for data engineering. It explains the process of creating an Azure Databricks workspace, which is a cloud-based environment where teams can access Databricks assets, such as notebooks, jobs, clusters, and data. The workspace enables collaborative efforts and provides an integrated platform for data engineering, machine learning, and analytics.

The chapter also covers setting up a DS/ML cluster and notebook, which is a collection of computers that collaborate to process large volumes of data using machine learning algorithms. Users can choose the desired configuration for their cluster based on their specific needs. The process of setting up a SQL warehouse is also explained, which is a cloud-based database service that allows users to store and analyze large amounts of structured and unstructured data using SQL queries.

The chapter also introduces the concepts of workflow and Delta Live Pipelines, which are used to design and build ETL pipelines and continuous, streaming data pipelines with near-real-time processing. Finally, the Unity Catalog is discussed, which is a metadata management tool that helps users organize and discover their data assets in a workspace. Overall, this chapter guides you to create all the required resources for a data engineering project.


Structure


In this chapter, we will cover the following topics:


	Creating an Azure Databricks Workspace

	Setup DS/ML Cluster and Notebook

	Setup SQL Warehouse

	Workflow

	Delta Live Pipelines

	Unity Catalog



Creating an Azure Databricks Workspace

To create a Databricks workspace, you will need a Databricks account. If you are on a cloud service such as Azure, AWS, or GCP, your cloud account is considered an active subscription for a Databricks account. You do not need to set it up separately, but if you are using the Databricks cloud on databricks.com, you need to set up an account first.

Databricks Account

Databricks Account is a web-based portal that provides access to the Databricks platform. It enables users to create, manage, and organize workspaces, clusters, and notebooks.

If you are using Azure and have a valid Azure subscription, you will need admin privileges on a resource group and you can directly create a workspace. Azure will auto-configure your account.

All your workspace and Unity catalog metastore will be accessible on your account homepage, as shown here:
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Figure 2.1: Create Azure Databricks Workspace


Creating a New Workspace


Databricks workspace is a cloud-based environment where your team can access Databricks assets. It serves as a deployment platform for your organization, which can have one or multiple workspaces based on their needs. The workspace enables collaborative efforts and provides an integrated platform for data engineering, machine learning, and analytics. It allows users to access and manage notebooks, jobs, clusters, and data, making it easier to collaborate on projects. The workspace ensures secure data management and promotes teamwork, making it an efficient solution for data-driven organizations.

You need a valid Azure subscription to create an Azure Databricks account. If you are a student, you can sign up for a 1-month free account, or you can create a workspace on the Databricks community platform, which is free for a lifetime with limited features.

To create a Databricks workspace, follow these simple steps:


	In the Azure portal, go to Create a resource > Azure Databricks.

	Select Pricing Tire Premium if you want to use premium features such as SQL Warehouse, Unity Catalog, and Delta Lives Tables.

	Click on Create after filling up the required information, as shown in the following figure:
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Figure 2.2: Create Azure Databricks Workspace





In summary, creating an Azure Databricks workspace involves providing workspace details, selecting the workspace tier and pricing plan, choosing the account type, and creating the workspace.

Workspace Walkthrough

The workspace is like a big storage cabinet where you can keep different things, such as notebooks, libraries, experiments, queries, and dashboards. It also gives you access to other tools, such as clusters and jobs, that can help you process and analyze data. All of these things are organized into different folders to make them easy to find.

Let us understand in detail each section of Databricks workspace:


	
Persona: The sidebar provides you with access to all of your Databricks resources. The sidebar’s contents depend on the selected persona: Data Science & Engineering, Machine Learning, or SQL, where each is designed to serve a specific use case (Figure 2.3).
To change the persona, you can click on the icon[image: ] located below the Databricks logo. From there, you can choose a different persona, which is like a different user profile that has its own settings and permissions.
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Figure 2.3: Databricks Persona



	
Setting: In the top-right corner of your workspace home page, you will find your user name with a dropdown. You can access settings pages such as User Settings, Admin Settings from here:
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Figure 2.4: Settings



	
Switch Workspace: If you have access to more than one workspace, you can switch between workspaces from the dropdown available next to settings, as shown here:
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Figure 2.5: Switch Workspace



	
Partner Connect: Databricks is a platform that allows you to analyze and process data. Under the Partner Connect section, it provides pre-built connectors for many other tools that you may use to work with data, such as SQL databases, cloud storage services, and data visualization tools. These connectors allow you to easily and quickly connect to these external data sources from within Databricks, so you can consume data from outside of Databricks.
Databricks is constantly adding new connectors to its platform, so the list of available tools you can connect to is always growing. If you need to use a tool that is not currently supported by a pre-built connector, you can still consume data from it using other methods, but using pre-built connectors is often the easiest and most efficient way to work with external data in Databricks.





For example, if you want to connect Databricks to Power BI, you simply click on Microsoft Power BI in partner connection and it will download a pre-configured connection file for you, as shown in Figure 2.6:
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Figure 2.6: Partner Connect

Setting up DS/ML Cluster and Notebook

A DS/ML cluster refers to a collection of computers that collaborate to process large volumes of data using machine learning algorithms. These clusters come pre-equipped with all the standard libraries required for such analysis. Users have the freedom to choose the desired configuration for their cluster based on their specific needs.

To create a cluster, follow the given steps:


	Users need to select either the Data Science or Machine Learning persona and then click on the "Create compute" button, which will initiate the process based on their use case:
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Figure 2.7: Create Data Science cluster



	After clicking, you will see a new window to select the configuration for your cluster:

[image: ]


Figure 2.8: Create DS Cluster





You have different choices to pick from, and here they are:


	
Policy: As an infra team admin, you can configure policies for your data bricks which can be forced on the cluster for security implementation.

	
Multi/Single node: When setting up a DS/ML cluster, you have the option of selecting a single node or multi-node configuration.
For smaller workloads that involve tasks such as reading data from APIs or continuously streaming data, where not much transformation is required, a single node configuration may be sufficient. In this configuration, all the workload is handled by a single-driver machine. This setup is ideal for small workloads or IO work, where the amount of data is small and the processing requirements are minimal.

However, if you have a more complex workload that involves ETL (Extract, Transform, Load) or machine learning and requires high computational power, a multi-node configuration would be more appropriate. In this configuration, the jobs are planned on the driver node, and the work is distributed across multiple worker nodes, allowing for more efficient processing of large data volumes. This can be configured with auto-scaling to ensure that the compute resources match the demands of the workload and can increase or decrease the number of worker nodes as needed.

In summary, choosing between a single-node or multi-node configuration depends on the complexity of the workload and the amount of computational power required to process the data. A single-node configuration is ideal for smaller workloads, while a multi-node configuration with auto-scaling is better suited for larger, more complex workloads that require more computing resources.



	
Access mode: When setting up a cluster, you have to choose the access mode, which can be either single or unrestricted.
If you choose single access mode, it means only you will be able to use the cluster. This option is useful if you want to configure the cluster for your personal use only.

On the other hand, if you choose unrestricted access mode, it means the cluster can be accessed by multiple users in your team. This is recommended for team structures where multiple people need to access and work with the same data.

It is also recommended to use shared clusters in team structures, as it can reduce costs associated with creating multiple clusters for each team member. This allows the team to work collaboratively on the same cluster, resulting in increased efficiency and productivity.



	
Databricks runtime version: Databricks runtime version can be thought of as the operating system of your Databricks cluster. It is recommended to use the latest Long-Term Support (LTS) version of the Databricks runtime when creating a cluster for your project.
Just like you need to keep your computer’s operating system up-to-date for better performance and security, choosing the latest LTS version of the Databricks runtime ensures that your cluster is using the most stable and secure version of Databricks. It also provides access to the latest features and improvements to the Databricks platform.



	
Photon: Photon is a new tool created by the Databricks team that helps improve the speed and performance of Spark, a data processing engine. It is built using the C++ programming language and uses vectorization, which is a technique for processing data in batches, to make operations faster. Essentially, Photon helps Spark run more efficiently and quickly.

	
Worker type: A Worker is a node that runs your data processing tasks in Databricks. When choosing a machine type for your worker node, you need to consider the requirements of your work. For instance, if you are performing transformation tasks and using delta tables, it is advisable to use the delta-accelerated machine series. These machines are equipped with hardware optimized for caching, which makes your queries run faster. Although these machines are more expensive, they can save you money in the long run because their optimized hardware, combined with Photon, helps to execute your queries more quickly, resulting in less time spent running your cluster.

	
Driver type: The Driver is responsible for distributing tasks to worker nodes and running the main() method of your Scala, Java, or Python program. It creates a SparkSession or SparkContext, which allows you to work with data in various ways, such as creating DataFrames, executing SQL queries, performing transformations and actions, and more.
When you execute a task in Databricks, the Driver Node creates a plan for how to perform that task, including a lineage, logical plan, and physical plan. The physical plan is then used to schedule the execution of the task by coordinating with the Cluster Manager. The Driver Node also collects the worker nodes’ results and returns them to you.



	
Min/Max workers: When you enable auto-scaling on your cluster, you need to choose the minimum and maximum number of worker machines that you want to use. The number of machines you select depends on your workload. If you are not sure about the workload, a good rule of thumb is to choose a minimum of one machine and a maximum of as many machines as you can afford.
Auto-scaling means that the number of worker machines will automatically adjust based on the current workload. If the workload increases, more machines will be added to handle the additional work. If the workload decreases, some machines will be removed to save costs. By setting a minimum and maximum number of machines, you ensure that your cluster can handle any workload while also being cost-effective.



	
Spot instances: Spot instances is a type of machine that is provided by Azure. It is a cheaper option because Azure offers unused machines from their pools. However, it is not recommended for production workloads because Azure can take these machines back when they are needed.
Spot instances are a good option for development and testing environments where cost savings are important. They can be a cost-effective way to run your workload because you are getting the same configuration machines for less price. However, because Azure can take these machines back at any time, it is important to use them only for non-critical workloads where you can afford to lose the machine unexpectedly.



	
Terminate After: This is when your cluster will keep running after completing your job. You have to keep it as low as you can to save on unnecessary costs.




Notebook

To create a notebook, you have to right-click in the Workspace tab and click on Create. You can also arrange your notebooks in different folders for better code readability.
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Figure 2.9: Create Notebooks

Next, you can launch a notebook by selecting the language you want to use (like Python, SQL, or R) and attaching it to your cluster. This will allow you to write and run code in the notebook using the resources of your cluster.

Finally, you can write your code in the notebook and run it to analyze your data. You might use Python or SQL to read data from a file or database, pre-process it, and apply machine learning algorithms to make predictions or classify data.

Setting up SQL Warehouse

A SQL Warehouse is a cloud-based database service that allows you to store and analyze large amounts of structured and unstructured data using SQL queries. It is designed to provide a better SQL-native experience for users who are more comfortable with traditional SQL warehouses. Although you can run SQL queries in a Databricks cluster, the SQL Warehouse is specifically designed to support SQL workloads, making it easier for users who are familiar with SQL to work with their data.

In addition, SQL Warehouse instances can be accessed from outside of Databricks, which means that you can use them to send queries to Databricks for real-time analytics. This makes it possible to run SQL queries on your data in Databricks without having to move your data to another system or database. With a SQL Warehouse, you can store and analyze large amounts of data using SQL queries in a scalable, cost-effective way.

SQL warehouse is usually created specifically for Data Analysts who want to query and visualize data in real-time and need a more user-friendly interface for query building and plotting.

With the limited scope of parametrization and dynamic query creation, currently, SQL warehouses are used only for transferring data out of Databricks in data engineering projects.

If you want to create or control a SQL warehouse, you need to have two things: First, you need to be an admin for the workspace. Second, you need to have the Databricks SQL entitlement.

If you are not a workspace admin but still need to manage a SQL warehouse, you’ll need to have the "Can Manage" permission specifically for Databricks SQL.

Before you can create a serverless SQL warehouse, a Databricks account admin must first enable serverless SQL warehouses for the workspace.

Following are the steps for creating and managing a SQL warehouse:


	Click [image: ] SQL Warehouses in the sidebar:
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Figure 2.10: Create SQL Warehouse



	Click Create SQL Warehouse:
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Figure 2.11: New SQL Warehouse



	Enter the name of the warehouse.

	Accept the default warehouse settings or edit them, as shown here:
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Figure 2.12: Enter new SQL Warehouse details





You will see the following options while creating a cluster:


	
Cluster Size represents the number of cluster workers and the size of compute resources available to run your queries and dashboards. The default is X-Large. To reduce query latency, increase the size. For details, see Cluster size.
The following size table will give you details of the driver and worker node types:
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Figure 2.13: SQL Warehouse Cluster Size Chart



	
Auto Stop determines whether the warehouse stops. If you do not stop an SQL warehouse when you are not using it, you will still be charged for it. The charges will keep adding up until you manually stop it.

	For Pro and Classic SQL warehouses, there is a default setting that automatically stops them after 45 minutes of inactivity. This is usually a good setting for most situations. The minimum is 10 minutes.

	
Serverless SQL warehouses: For Serverless SQL warehouses, the default time before automatic shutdown is 10 minutes, which is recommended for most cases. However, you can set it to stop as early as 5 minutes if you are using the user interface. 
Note that you can create a serverless SQL warehouse using the SQL warehouses API, in which case you can set the Auto Stop value as low as 1 minute.



	
Scaling sets the minimum and maximum number of clusters over which queries sent to the warehouse are distributed. The default is a minimum of one and a maximum of one cluster. If you want to have more people working on the same query at the same time, you can increase the number of clusters.

	
Type determines the types of warehouses. Click on Create.



Setting up Workflow and Delta Live Pipelines Workflow

In Databricks, a workflow is a sequence of tasks or actions that need to be performed in a particular order to achieve a specific goal. Typically, a workflow in Databricks involves data processing, analysis, and modeling tasks that are performed in a specific sequence to generate insights or build predictive models.

Let us say you want to build an ETL pipeline to extract data from a database, transform it, and load it into a data warehouse.

Here is how you could design the workflow in Databricks:


	The first task in the workflow is to extract data from the source database. You can use Databricks to connect to the database, extract the data, and store it in a temporary table in Databricks.

	The next task in the workflow is to transform the data. This could involve cleaning, aggregating, or reshaping the data to prepare it for loading into the data warehouse. You can use Databricks to write code that performs the required transformations and stores the results in another temporary table.

	The final task in the workflow is to load the transformed data into the data warehouse. You can use Databricks to connect to the data warehouse and write code that inserts the data from the temporary table into the appropriate tables in the data warehouse.



By connecting these tasks in a workflow, you create an ETL pipeline that automates the process of extracting, transforming, and loading data from a database to a data warehouse.

To improve the performance of this workflow, you could create a task flow where multiple tasks execute in parallel. For example, you could extract and transform data from multiple tables in the source database simultaneously, or you could load data into multiple tables in the data warehouse at the same time. This would help reduce the total run time of the ETL pipeline, making it more efficient and scalable.

Following are the steps to set up a workflow in Databricks:


	Assuming you have created several notebooks to perform data extraction, transformation, and loading tasks, you can now combine these notebooks into a workflow. You can do this by going to the Workflow section from the left-hand menu and clicking on "New Job." A job is a collection of tasks, and each task can be an action like running a notebook, running Python code, or running a compiled code file like a JAR.
You can configure these tasks to be dependent on each other, meaning that one task will only run after another has finished, or you can configure them to run independently. This allows you to automate the entire ETL process, making it more efficient and easier to manage.



	While creating a task, you will be asked to fill in the task details, such as the name, type of action, and path of the notebook to run, as shown in this figure: 
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Figure 2.14: Workflow task in Databricks


	
Cluster: When performing a task, you have the option to choose which cluster you want to use. You can choose a different cluster for each task or share one cluster among all tasks. For production environments, it is recommended to use job clusters for cost benefits.

	
Dependent Libraries: When working with a cluster, you may need to use certain libraries to complete your task. In this section, you have to select language-specific packages such as R, Python, or Maven, and attach them to the cluster. This ensures that the necessary libraries are available for your task when it is executed on the cluster.

	
Parameters: The notebook parameter values, if you have them.

	
Emails: If you want to receive email notifications related to a specific task (not the entire job or workflow), you can provide the email ID of an individual or a group in this section. This means that when the task gets completed, fails, or encounters an error, an email notification will be sent to the specified email address.

	
Retries: In this section, you can configure a task to be automatically re-executed after a set period in the event of a failure.

	
Dependent on: When creating a second task, you will see an option to configure whether this task needs to be dependent on other tasks. You can select one or more tasks on which you want your task to be dependent, or you can leave it blank if the task is independent.
If you select one or more tasks as dependencies, this task will only run after the dependent task(s) have been completed successfully.
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