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			Foreword

			In today’s fast-paced technological landscape, the convergence of serverless computing and machine learning has transformed the way we approach data analytics and decision-making. As the demand for scalable solutions continues to rise, the need for accessible tools that bridge the gap between complex algorithms and user-friendly interfaces has become paramount.

			In Serverless Machine Learning with Amazon Redshift ML, the authors embark on a journey that empowers users, regardless of prior machine learning experience, to harness the power of data-driven insights. By leveraging simple SQL commands, this book will walk you through how to solve complex problems using different machine learning algorithms with ease. Gone are the days of steep learning curves and complex coding – this book paves the way for a new era and describes how Amazon Redshift ML democratized machine learning.

			Through a balanced approach of theory and hands-on exercises, this book guides you through the fundamentals of machine learning concepts while showcasing how Amazon Redshift ML serves as the cornerstone of this revolutionary approach. The authors walk you through the benefits of serverless computing, demonstrating how it not only enhances the process of training your machine learning models but also streamlines the entire process.

			Whether you’re a seasoned machine learning professional or are just starting on your machine learning journey now, this book will provide the roadmap you need. The authors are authoritative sources on the topics who defined Redshift ML and work with customers to make them successful with a variety of use cases, such as product recommendation, churn prediction, revenue forecasting, and many more. Enjoy your journey to machine learning and allow the book to unlock the potential of machine learning in your Amazon Redshift data warehouse one simple SQL command at a time.

			Colin Mahony

			GM, Amazon Redshift, AWS
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			Preface

			Amazon Redshift Serverless enables organizations to run petabyte-scale cloud data warehouses quickly and in a cost-effective way, enabling data science professionals to efficiently deploy cloud data warehouses and leverage easy-to-use tools to train models and run predictions. This practical guide will help developers and data professionals working with Amazon Redshift data warehouses to put their SQL knowledge to work for training and deploying machine learning models.

			The book begins by helping you to explore the inner workings of Redshift Serverless as well as the foundations of data analytics and types of data machine learning. With the help of step-by-step explanations of essential concepts and practical examples, you’ll then learn to build your own classification and regression models. As you advance, you’ll find out how to deploy various types of machine learning projects using familiar SQL code, before delving into Redshift ML. In the concluding chapters, you’ll discover best practices for implementing serverless architecture with Redshift.

			By the end of this book, you’ll be able to configure and deploy Amazon Redshift Serverless, train and deploy machine learning models using Amazon Redshift ML, and run inference queries at scale.

			Who this book is for

			Data scientists and machine learning developers working with Amazon Redshift who want to explore its machine-learning capabilities will find this definitive guide helpful. A basic understanding of

			machine learning techniques and working knowledge of Amazon Redshift is needed to make the most of this book.

			What this book covers

			Chapter 1, Introduction to Amazon Redshift Serverless, presents an overview of Amazon Redshift and Redshift Serverless, walking you through how to get started in just a few minutes and connect using Redshift Query Editor v2. You will create a sample database and run queries using the Notebook feature.

			Chapter 2, Data Loading and Analytics on Redshift Serverless, helps you learn different mechanisms to efficiently load data into Redshift Serverless.

			Chapter 3, Applying Machine Learning in Your Data Warehouse, introduces machine learning and common use cases to apply to your data warehouse.

			Chapter 4, Leveraging Amazon Redshift Machine Learning, builds on Chapter 3. Here, we dive into Amazon Redshift ML, learning how it works and how to leverage it to solve use cases.

			Chapter 5, Building Your First Machine Learning Model, sees you get hands-on with Amazon Redshift ML and build your first model using simple CREATE MODEL syntax.

			Chapter 6, Building Classification Models, covers classification problems and the algorithms you can use in Amazon Redshift ML to solve these problems and learn how to create a model with user guidance.

			Chapter 7, Building Regression Models, helps you identify whether a problem involves regression and explores the different methods available in Amazon Redshift ML for training and building regression models.

			Chapter 8, Building Unsupervised Models with K-Means Clustering, shows you how to build machine learning models with unlabeled data and make predictions at the observation level using K-means clustering.

			Chapter 9, Deep Learning with Redshift ML, covers the use of deep learning in Amazon Redshift ML using the MLP model type for data that is not linearly separable.

			Chapter 10, Creating Custom ML Model with XGBoost, shows you how to use the Auto Off option of Amazon Redshift ML to prepare data in order to build a custom model.

			Chapter 11, Bring Your Own Models for In-Database Inference, goes beyond Redshift ML models. Up to this point in the book, we will have run inference queries only on models built directly in Amazon Redshift ML. This chapter shows how you can leverage models built outside of Amazon Redshift ML and execute inference queries inside Amazon Redshift ML.

			Chapter 12, Time-Series Forecasting in Your Data Warehouse, dives into forecasting and time-series data using the integration of Amazon Forecast with Amazon Redshift ML.

			Chapter 13, Operationalizing and Optimizing Amazon Redshift ML Models, concludes the book by showing techniques to refresh your model, create versions of your models, and optimize your Amazon Redshift ML models.

			To get the most out of this book

			You will need access to an AWS account to perform code examples in this book. You will need either to have administrator access or to work with an administrator to create a Redshift Serverless data warehouse and the IAM user, roles, and policies used in this book.

			
				
					
					
				
				
					
							
							Software/hardware covered in the book

						
							
							Operating system requirements

						
					

					
							
							The AWS CLI (optional)

						
							
							Windows, macOS, or Linux

						
					

				
			

			If you are using the digital version of this book, we advise you to type the code yourself or access the code from the book’s GitHub repository (a link is available in the next section). Doing so will help you avoid any potential errors related to the copying and pasting of code.

			Download the example code files

			You can download the example code files for this book from GitHub at https://github.com/PacktPublishing/Serverless-Machine-Learning-with-Amazon-Redshift. If there’s an update to the code, it will be updated in the GitHub repository.

			We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!

			Conventions used

			There are a number of text conventions used throughout this book.

			Code in text: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an example: “Mount the downloaded WebStorm-10*.dmg disk image file as another disk in your system.”

			A block of code is set as follows:

			
cnt = client.execute_statement(Database='dev',
    Sql='Select count(1) from chapter2.orders;',
    WorkgroupName=REDSHIFT_WORKGROUP)
query_id = cnt["Id"]
			When we wish to draw your attention to a particular part of a code block, the relevant lines or items are set in bold:

			
SHOW MODEL chapter5_buildfirstmodel.customer_churn_model;
			Any command-line input or output is written as follows:

			
$ pip install pandas
			Bold: Indicates a new term, an important word, or words that you see onscreen. For instance, words in menus or dialog boxes appear in bold. Here is an example: “Select System info from the Administration panel.”

			Tips or important notes

			Appear like this.

			Get in touch

			Feedback from our readers is always welcome.

			General feedback: If you have questions about any aspect of this book, email us at customercare@packtpub.com and mention the book title in the subject of your message.

			Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you would report this to us. Please visit www.packtpub.com/support/errata and fill in the form.

			Piracy: If you come across any illegal copies of our works in any form on the internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packt.com with a link to the material.

			If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit authors.packtpub.com.

			Share Your Thoughts

			Once you’ve read Serverless Machine Learning with Amazon Redshift ML, we’d love to hear your thoughts! Please click here to go straight to the Amazon review page for this book and share your feedback.

			Your review is important to us and the tech community and will help us make sure we’re delivering excellent quality content.

			Download a free PDF copy of this book

			Thanks for purchasing this book!

			Do you like to read on the go but are unable to carry your print books everywhere? Is your eBook purchase not compatible with the device of your choice?

			Don’t worry, now with every Packt book you get a DRM-free PDF version of that book at no cost.

			Read anywhere, any place, on any device. Search, copy, and paste code from your favorite technical books directly into your application.

			The perks don’t stop there, you can get exclusive access to discounts, newsletters, and great free content in your inbox daily

			Follow these simple steps to get the benefits:

			
					Scan the QR code or visit the link below
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			https://packt.link/free-ebook/978-1-80461-928-5

			
					Submit your proof of purchase

					That’s it! We’ll send your free PDF and other benefits to your email directly

			

		

	


		
			Part 1:Redshift Overview: Getting Started with Redshift Serverless and an Introduction to Machine Learning

			Reaping the benefits of machine learning across an organization requires access to data, easy-to-use tools, and built-in algorithms that anyone can use no matter their level of experience with machine learning.

			Part 1 shows how easy it is to get started with Amazon Redshift Serverless and Amazon Redshift ML without having to manage data warehouse infrastructure.

			By the end of Part 1, you will know how to run queries using Query Editor v2 notebooks and different techniques for loading data into Amazon Redshift Serverless. You will then be introduced to machine learning and gain an understanding of how you can use machine learning in your data warehouse.

			This part comprises the following chapters:

			
					Chapter 1, Introduction to Amazon Redshift Serverless

					Chapter 2, Data Loading and Analytics on Redshift Serverless

					Chapter 3, Applying Machine Learning in Your Data Warehouse

			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

		
			
			

		

	


		
			1

			Introduction to Amazon Redshift Serverless

			“Hey, what’s a data warehouse?” John Doe, CEO and co-founder of Red.wines, a fictional specialty wine e-commerce company, asked Tathya Vishleshak*, the company’s CTO. John, who owned a boutique winery, had teamed up with Tathya for the project. The company’s success surged during the pandemic, driven by social media and the stay-at-home trend. John wanted detailed data analysis to align inventory and customer outreach. However, there was a problem – producing this analysis was slowing down their online transaction processing (OLTP) database.

			“A data warehouse is like a big database where we store different data for a long time to find insights and make decisions,” Tathya explained.

			John had a concern, “Sounds expensive; we’re already paying for unused warehouse space. Can we afford it?”

			Tathya reassured him, “You’re right, but there are cloud data warehouses such as Amazon Redshift Serverless that let you pay as you use.”

			Expanding on this, this chapter introduces data warehousing and Amazon Redshift. We’ll cover Amazon Redshift Serverless basics, such as namespaces and workgroups, and guide you in creating a data warehouse. Amazon Redshift can gather data from various sources, mainly Amazon Simple Storage Service (S3).

			As we go through this chapter, you’ll learn about a crucial aspect of this, the AWS Identity and Access Management (IAM) role, needed for loading data from S3. This role connects to your Serverless namespace for smooth data transfer. You’ll also learn how to load sample data and run queries using Amazon Redshift query editor. Our goal is to make it simple and actionable, so you’re confident in navigating this journey.

			Tathya Vishleshak

			The phrase 'Tathya Vishleshak' can be loosely interpreted to reflect the concept of a data analyst in Sanskrit/Hindi. However, it's important to note that this is not a precise or established translation, but rather an attempt to convey a similar meaning based on the individual meanings of the words 'Tathya' and 'Vishleshak' in Sanskrit.

			Additionally, Amazon Redshift is used to analyze structured and unstructured data in data warehouses, operational databases, and data lakes. It’s employed for traditional data warehousing, business intelligence, real-time analytics, and machine learning/predictive analytics. Data analysts and developers use Redshift data with machine learning (ML) models for tasks such as predicting customer behavior. Amazon Redshift ML streamlines this process using familiar SQL commands.

			The book delves into ML, explaining supervised and unsupervised training. You’ll learn about problem-solving with binary classification, multi-class classification, and regression using real-world examples. You’ll also discover how to create deep learning models and custom models with XGBoost, as well as use time series forecasting. The book also covers in-database and remote inferences using existing models, applying ML for predictive analytics, and operationalizing machine learning models.

			The following topics will be covered in this chapter:

			
					What is Amazon Redshift?

					Getting started with Amazon Redshift Serverless

					Connecting to your data warehouse

			

			This chapter requires a web browser and access to an AWS account.

			What is Amazon Redshift?

			Organizations churn out vast troves of customer data along with insights into these customers’ interactions with the business. This data gets funneled into various applications and stashed away in disconnected systems. A conundrum arises when attempting to decipher these data silos – a formidable challenge that hampers the derivation of meaningful insights essential for organizational clarity. Adding to this complexity, security and performance considerations typically muzzle business analysts from accessing data within OLTP systems.

			The hiccup is that intricate analytical queries weigh down OLTP databases, casting a shadow over their core operations. Here, the solution is the data warehouse, which is a central hub of curated data, used by business analysts and data scientists to make informed decisions by employing the business intelligence and machine learning tools at their disposal. These users make use of Structured Query Language (SQL) to derive insights from this data trove. From operational systems, application logs, and social media streams to the influx of IoT device-generated data, customers channel structured and semi-structured data into organizations’ data warehouses, as depicted in Figure 1.1, showcasing the classic architecture of a conventional data warehouse.

			
				
					[image: Figure 1.1 – Data warehouse]
				

			

			Figure 1.1 – Data warehouse

			Here’s where Amazon Redshift Serverless comes in. It’s a key option within Amazon Redshift, a well-managed cloud data warehouse offered by Amazon Web Services (AWS). With cloud-based ease, Amazon Redshift Serverless lets you set up your data storage without infrastructure hassles or cost worries. You pay based on what you use for compute and storage.

			Amazon Redshift Serverless goes beyond convenience, propelling modern data applications that seamlessly connect to the data lake. Enter the data lake – a structure that gathers all data strands under one roof, providing limitless space to store data at any scale, cost-effectively. Alongside other data repositories such as data warehouses, data lakes redefine how organizations handle data. And this is where it all comes together – the following diagram shows how Amazon Redshift Serverless injects SQL-powered queries into the data lake, driving a dynamic data flow:

			
				
					[image: Figure 1.2 – Data lake and data warehouse]
				

			

			Figure 1.2 – Data lake and data warehouse

			So, let’s get started on creating our first data warehouse in the cloud!

			Getting started with Amazon Redshift Serverless

			You can create your data warehouse with Amazon Redshift Serverless using the AWS Command-Line Interface (CLI), the API, AWS CloudFormation templates, or the AWS console. We are going to use the AWS console to create a Redshift Serverless data warehouse. Log in to your AWS console and search for Redshift in the top bar, as shown in Figure 1.3:

			
				
					[image: Figure 1.3 – AWS console page showing services filtered by our search for Redshift]
				

			

			Figure 1.3 – AWS console page showing services filtered by our search for Redshift

			Click on Amazon Redshift, which will take you to the home page for the Amazon Redshift console, as shown in Figure 1.4. To help get you started, Amazon provides free credit for first-time Redshift Serverless customers. So, let’s start creating your trial data warehouse by clicking on Try Amazon Redshift Serverless. If you or your organization has tried Amazon Redshift Serverless before, you will have to pay for the service based on your usage:

			
				
					[image: Figure 1.4 – Amazon Redshift service page in the AWS console]
				

			

			Figure 1.4 – Amazon Redshift service page in the AWS console

			If you have free credit available, it will be indicated at the top of your screen, as in Figure 1.5:

			
				
					[image: Figure 1.5 – AWS console showing the Redshift Serverless Get started page]
				

			

			Figure 1.5 – AWS console showing the Redshift Serverless Get started page

			You can either choose the defaults or use the customized settings to create your data warehouse. The customized settings give you more control, allowing you to specify many additional parameters for your compute configuration including the workgroup, data-related settings such as the namespace, and advanced security settings. We will use the customized settings, which will help us customize the namespace settings for our Serverless data warehouse. A namespace combined with a workgroup is what makes a data warehouse with Redshift Serverless, as we will now see in more detail.

			What is a namespace?

			Amazon Redshift Serverless provides a separation of storage and compute for a data warehouse. A namespace is a collection of all your data stored in the database such as your tables, views, database users, and their privileges. You are separately charged for storage based on the size of the data stored in your data warehouse. For compute, you are charged for the capacity used over a given duration in Redshift processing hours (RPU) on a per second-basis. The storage capacity is billed as Redshift managed storage (RMS) and is billed by GB/month. You can view https://aws.amazon.com/redshift/pricing/ for detailed pricing for your AWS Region.

			As a data warehouse admin, you can change the name of your data warehouse namespace while creating the namespace. You can also change your encryption settings, audit logging, and AWS IAM permissions, as shown in Figure 1.6. The primary reason we are going to use customized settings is to associate an IAM role with the namespace:

			
				
					[image: Figure 1.6 – Namespace configuration]
				

			

			Figure 1.6 – Namespace configuration

			AWS IAM allows you to specify which users or services can access other services and resources in AWS. We will use that role for loading data from S3 and training a machine learning model with Redshift ML that accesses Amazon SageMaker.

			If you have already created an IAM role earlier, you can associate with that IAM role. If you have not created an IAM role, do so now by selecting the Manage IAM roles option, as shown in Figure 1.7:

			
				
					[image: Figure 1.7 – Creating an IAM role and associating it via the AWS console]
				

			

			Figure 1.7 – Creating an IAM role and associating it via the AWS console

			Then, select the Create IAM role option, as shown in Figure 1.8:

			
				
					[image: Figure 1.8 – Selecting the “Create IAM role” option]
				

			

			Figure 1.8 – Selecting the “Create IAM role” option

			You can then create a default IAM role and provide appropriate permissions to the IAM role to allow it to access S3 buckets, as shown in Figure 1.9:

			
				
					[image: Figure 1.9 – Granting S3 permissions to the IAM role]
				

			

			Figure 1.9 – Granting S3 permissions to the IAM role

			As shown in the preceding figure, select Any S3 bucket to enable Redshift to read data from and write data to all S3 buckets you have created. Then, select Create IAM role as default to create the role and set it as the default IAM role.

			
				
					[image: Figure 1.10 – An IAM role was created but is not yet applied]
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and security.

Namespace name
This is a unique name that defines the namespace.

default

The name must be from 3-64 characters. Valid characters are a-z (lowercase only), 0-9 (numbers), and - (hyphen).

V¥ Database name and password

Database name
The name of the first database in the Amazon Redshift Serverless environment.

dev
The name must be 1-64 alphanumeric characters (lowercase only), and it can't be a reserved word.

Admin user credentials
|IAM credentials provided as your default admin user credentials. To add a new admin username and password,
customize admin user credentials.
[J Customize admin user credentials
To use the default |IAM credentials, clear this option.
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Permissions

@ Associate an IAM role so that your serverless endpoint can LOAD and UNLOAD data. You can create an IAM
role as the default for this configuration that has the AmazonRedshiftAllCommandsFullAccess [ policy
attached. This policy includes permissions to run SQL commands to COPY, UNLOAD, and query data with
Amazon Redshift Serverless. This policy also grants permissions to run SELECT statements for related
services, such as Amazon S3, Amazon CloudWatch logs, Amazon SageMaker, and AWS Glue. You won't be
able to run these SQL commands without an IAM role attached to your namespace.

Associated 1AM roles (0)
Create, associate, or remove an IAM role. You can associate up to 50 IAM roles. You can also choose an IAM role and set it as the
default.

Set default v Manage IAM roles v

Q Search for associated IAM role by name, status, or role type

1AM roles [2 e Status r;;:
No resources
No associated IAM roles

Associate IAM role
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Associated IAM roles (0)

Create, associate, or remove an IAM role. You can associate up to 50 IAM roles. You can also choose an IAM role and set it as the
default.

Set default v Manage IAM roles &

Q. Search for associt assodatel o s or role type

Create IAM role

< 1 >
Remove IAM roles
1AM roles [2 v Status v f;;: =

No resources
No associated IAM roles

Associate IAM role

Encryption and security

AWS KMS encryption Audit logging
AWS owned KMS key off
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Search results for 'Reds'

Services (9) Services See all 9 results >
Features (30)
Resources (New’ . Amazon Redshift ¥y

Fast, Simple, Cost-Effective Data Warehousing

Blogs (1,442)

Documentation (1,818) . AWS Glue DataBrew ¥

Knowledge Articles (30) Visual data preparation tool to clean and normalize data for analytics and machine lear...
Tutorials (19)
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Create the default IAM role X

® Associate an IAM role so that your serverless endpoint can LOAD and
UNLOAD data. You can create an IAM role as the default for this configuration
that has the AmazonRedshiftAllCommandsFullAccess [4 policy attached.
This policy includes permissions to run SQL commands to COPY, UNLOAD,
and query data with Amazon Redshift Serverless. This policy also grants
permissions to run SELECT statements for related services, such as Amazon
S3, Amazon CloudWatch logs, Amazon SageMaker, and AWS Glue. You won't
be able to run these SQL commands without an IAM role attached to your
namespace.

Specify an S3 bucket for the IAM role to access
To create a new bucket, visit S3 [

O No additional S3 bucket
Create the IAM role without specifying S3 buckets.

@ Any S3 bucket
Allow users that have access to your Redshift Serverless data to also access any S3 bucket and its
contents in your AWS account.

O Specific 53 buckets
Specify one or more S3 buckets that the IAM role being created has permission to access.

Create IAM role as default
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@© The IAM role AmazonRedshift-CommandsAccessRole-20221211T173615 [4 was successfully created and set
as the default.

Associated IAM roles (1)
Create, associate, or remove an IAM role. You can associate up to 50 IAM roles. You can also choose an IAM role and set it as the
default.

Set default v H Manage IAM roles v

Q, Search for associated IAM role by name, status, or role type

<D
= Role
A v
O 1AM roles [4 Status v oh o
AmazonRedshift-CommandsAccessRole- .
a P m——— Not applied Default

Encryption and security

AWS KMS encryption Audit logging
AWS owned KMS key Ooff
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Analytics

Amazon Redshift Get to powerful insights fast
Accelerate your time to insights [

easy for customers to run and scale analytics without

having to provision and manage their data

with fast, easy, and secure
analytics at scale.

Amazon Redshift makes it easier for you to run and scale analytics without having to manage your data
warehouse. Get insights by running real-time and predictive analytics on all of your data, across
operational databases, data lake, data warehouse, and thousands of third-party datasets.

Provision and manage clusters

How it works With a few clicks, you can create your first Amazon

Redshift provisioned cluster in minutes.

aws |ntroduction to Data Warehousing on AWS with Amazo.. 'O Create cluster
Copy link

E‘ﬂ Pricing and cost (2





