

[image: image]






Ultimate Snowflake
Architecture for
Cloud Data
Warehousing


[image: ]


Architect, Manage, Secure, and Optimize Your
Data Infrastructure Using Snowflake for
Actionable Insights and Informed Decisions


[image: ]


Ganesh Bharathan




[image: ]




www.orangeava.com









Copyright © 2024 Orange Education Pvt Ltd, AVA™


All rights reserved. No part of this book may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, without the prior written permission of the publisher, except in the case of brief quotations embedded in critical articles or reviews.


Every effort has been made in the preparation of this book to ensure the accuracy of the information presented. However, the information contained in this book is sold without warranty, either express or implied. Neither the author nor Orange Education Pvt Ltd or its dealers and distributors, will be held liable for any damages caused or alleged to have been caused directly or indirectly by this book.


Orange Education Pvt Ltd has endeavored to provide trademark information about all of the companies and products mentioned in this book by the appropriate use of capital. However, Orange Education Pvt Ltd cannot guarantee the accuracy of this information. The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and regulations and therefore free for general use.


First published: April 2024


Published by: Orange Education Pvt Ltd, AVA™


Address: 9, Daryaganj, Delhi, 110002, India


275 New North Road Islington Suite 1314 London,


N1 7AA, United Kingdom


ISBN: 978-81-97223-93-8


www.orangeava.com









Dedicated To


My Beloved Parents:
Padmavathi and Bharathan


My Wife and Kids:
Ambili, Meenakshi, and Nandini


My Strength and Support System











About the Author





Ganesh Bharathan holds a Master of Science in Telecommunications from George Mason University in Virginia, USA. He has over 26 years of database experience and has worked for a variety of insurance and financial companies. He began his database career with Teradata and later became a Teradata Certified Master® in 2008.


He has been at the forefront of his organization's cloud migration journey, leading many initiatives successfully. Ganesh is a Snowflake Subject Matter Expert® with many Snowflake SnowPro Advanced certifications, including Architect, Administrator, and Data Engineer. He also holds 17 certifications in AWS, Snowflake, Teradata, and Databricks.


Ganesh is extremely passionate about innovation, and he has been granted United States patent on "Query alerts generation for virtual warehouse" (US11494413B1), with five more pending patents approval. He has trained more than 5000 individuals in Snowflake through instructor-led courses and created several video-based training content and blogs.


He is an acclaimed tech speaker who has had the opportunity to speak at several technological conferences, including Data Summit 2023® and Snowflake Summit® three years in a row from 2022 to 2024.


Ganesh is passionate about cricket and follows the Indian cricket team. His hobbies include gardening, traveling, and learning historical information.











About the Technical Reviewers





Kumar V. Sangisetti is a Chief Data Architect, Consultant, Speaker, Trainer, and Founder of Cloud data Analytics Company DataDarwin Analytics Labs (certified partner of Snowflake, dbt, Matillion, Vaultspeed and Paradime) based in Hyderabad, India. He has over 18 years of Data Management experience with deep expertise in all aspects, from strategy, design, migrations, roadmaps, and development of Data Applications / Engineering in on-premise and cloud environments. He completed Master of Computer Applications from Osmania University and worked for TCS, Accenture and TechM as an Architect and Enterprise Architect. He is a certified professional in Snowflake, Microsoft and dbt.


Kumar excels at working with Organizational Leaders and Executives. He directs and helps them understand and break down complex data initiatives, ultimately defining how those initiatives will bring business value. He is a recognized leader in the Cloud/Data industry, often speaking at conferences and training data enthusiasts all over the world.


Vikas is a seasoned Cloud, Data and AI professional, who excels in overseeing the development, maintenance, and enhancement of robust data platforms. His expertise lies in optimizing data processing, seamless model deployment, and ensuring scalability. Vikas’s strategic vision aligns with company goals and industry trends, fostering collaboration across data science, engineering, and analytics teams. He focuses on optimizing data processing, ensuring seamless model deployment, and guaranteeing scalability for the platforms. He stays at the forefront of data and AI technologies, implementing best practices and new tools to maintain a competitive edge. His key skills include proficiency in Data Engineering, AI/ML, Cybersecurity, Data Management across various platforms. He also has extensive experience in Automobiles, BFSI, Retail, Telecom, Manufacturing, and Pharma.











Acknowledgements





I express my gratitude to my parents, Mrs. Padmavathi and Mr. K.V. Bharathan, for their invaluable leadership and unwavering support. Their consistent motivation has inspired me to strive for greater achievements and pursue perfection.


My wife, Ambili, has consistently provided me with unwavering support and selflessly dedicates her time to enable me to pursue my academic aspirations. This work owes its existence to her invaluable assistance. Furthermore, I would like to express my gratitude towards my twin girls, Meenakshi and Nandini, who provide immense happiness to my life and whose unwavering affection serves as our motivation.


To my friends and colleagues with whom I have engaged in endless debates and conversations regarding various database issues, I firmly believe that knowledge expands through the act of sharing, and I have gained valuable insights from our interactions.


I would like to express my gratitude to the staff at Orange AVA for their invaluable assistance during the entire process of creating my debut book. Their support ranged from proofreading to managing the several stages of the writing process.











Preface





The Snowflake database revolutionized cloud-based databases with its unique hybrid of shared disk and shared-nothing architectures, paving the way for a rather groundbreaking approach that has become a solution for many organizations that were tied to service providers who provided a coupled compute and storage solution.


Chapter 1. Getting Started with Snowflake Architecture: This chapter provides a high-level overview of Snowflake architecture, exploring the separation of storage and computing. Snowflake handles high volume requests from concurrent users by scaling vertically and horizontally, allowing for unlimited scaling in computing and storage.


Chapter 2. Managing Organizations and Accounts: A business can have several accounts, all belonging to the central Snowflake organization. This chapter explains how to create and secure snowflake accounts in organizations. Each account is independent of the others, and we can set them up in various geographic regions, giving businesses greater flexibility.


Chapter 3. Virtual Warehouse Compute: This chapter dives into Snowflake's virtual warehouses. Snowflake was one of the first to establish the separation of compute and storage in databases with their hybrid architecture, which allowed us to consider compute on demand in the form of warehouses. Elastic computation gave us the flexibility to scale on demand.


Chapter 4. Role-Based Access Control: In this chapter, role-based access control ensures data protection at all times. Our analysis of snowflake's use of hierarchy and default roles demonstrates their effectiveness in managing roles and auditing user access.


Chapter 5. Snowflake Data Governance: Data governance is an essential component of every business, and Snowflake offers both data masking at the column level and row-based access controls at the role level. This chapter explains how to combine both of these capabilities to protect your data.


Chapter 6. Snowflake Security Framework: Snowflake native tags have numerous applications. This chapter focuses on how tags can be used to improve security and make governance easier for teams to maintain.


Chapter 7. Deployment Considerations: This chapter focuses on how Snowflake data management is done, particularly with the selection of a Snowflake region for an account and its disaster recovery strategy.


Chapter 8. Data Storage in Snowflake: Snowflake's unlimited storage and computation capability has given many enterprises the ability to grow on demand. This chapter focuses on the Snowflake data storage time travel, database clones, and data recovery.


Chapter 9. Snowflake Marketplace: The marketplace is slowly turning into a game changer for Snowflake, serving as the go-to destination for many enterprises looking for high-quality data and other marketplace services. This chapter discusses the marketplace and how it can be utilized by enterprises.


Chapter 10. Snowpark: This chapter discusses how Snowpark enables organizations to build and execute complicated data, transformations, and calculations in Snowflake using programming languages that are already familiar to users.
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CHAPTER 1


Getting Started With Snowflake Architecture



Introduction

Welcome to the world of Snowflake, a cutting-edge cloud-based database designed to transform how businesses manage their data. This chapter will guide you through the fundamentals of Snowflake’s architecture and how it sets the foundations for scalable, flexible, and high-performance data processing platforms.

Snowflake’s design distinguishes itself through its new approach to separating computing and storage, a paradigm change that provides significant benefits over standard data warehousing systems. We will investigate how Snowflake’s decoupled architecture enables businesses to handle enormous data volumes without sacrificing performance or paying excessive costs as we embark on this trip.

In this chapter, we will look at the fundamental components of Snowflake’s architecture, focusing on the interaction between its storage layer, where data is safely kept in an encryption mode and managed, and its compute layer, which is in charge of executing queries and analytical operations. We will look at the flexibility of virtual warehouse provisioning and how this separation allows you to scale computing resources on-demand, resulting in the best resource use.

Join us as we unravel the intricacies of Snowflake’s architecture, learning how this unique design not only meets a wide range of business requirements but also paves the way for seamless data integration, and rapid querying, and helps make quick data-driven decision-making. This chapter will provide you with the foundational information you need to make the most of Snowflake’s robust architecture.


Structure


In this chapter, the following topics to be covered:


	Three Important Layers of Snowflake’s Architecture

	Separation of Compute and Storage

	Scaling Up for Large Workloads

	Handling Multiple Concurrent Users



Introduction to Snowflake Architecture

Traditional database architecture typically provides two options: shared disk and shared nothing. The main difference is how data is stored and accessed across multiple nodes, which is the most important difference between these approaches.

Multiple nodes in a distributed system share a single disk on which data is stored, according to the shared-disk architecture. Each node has its own memory and processing capacity but simultaneously accesses the shared disk. Since every node can directly access the data, this architecture provides high data availability. It also facilitates the sharing of data between nodes, as they can read and write to the shared disk without explicit communication. However, contention issues can arise in shared-disk architectures when multiple nodes simultaneously attempt to access the same disk. This contention can result in obstacles to performance and diminished scalability.

The shared-nothing architecture, on the other hand, allocates dedicated disks to each system node. Each node has its own disk, memory, and processing capacity, allowing it to operate independently from other nodes. In this method, data is distributed across nodes, with each node managing and processing its own portion of data. Adding more nodes to this architecture does not necessitate sharing resources or coordinating access to a shared disk, thereby enhancing scalability and fault tolerance. However, in a shared-nothing architecture, sharing data between nodes requires explicit communication and coordination, making it more difficult to implement.

The decision between shared-disk and shared-nothing architectures is influenced by a number of variables, including performance requirements, data sharing patterns, and fault tolerance requirements. Shared-disk architectures are typically preferred for read-intensive workloads with high data-sharing requirements, whereas shared-nothing architectures are favored for write-intensive workloads that prioritize scalability and defect tolerance.

Snowflake is a modern cloud-based data platform that employs a proprietary architecture known as multi-cluster shared data. This technique enables numerous compute clusters to simultaneously access and process the same underlying data, ensuring scalability and high-performance analytics.

Snowflake divides storage and compute layers in the multi-cluster shared data architecture. The data is kept in Snowflake Storage, a highly scalable and durable storage layer, while the compute layer is made up of independent virtual warehouses or clusters. These computing clusters can scale independently to meet processing demands and can access and query the shared data stored in Snowflake Storage in real-time.

This architecture has numerous advantages. Multiple compute clusters can operate on the same dataset at the same time, enabling parallel processing and improving performance. Without any data duplication or synchronization overhead, the data remains consistent and accessible to all compute clusters. It also offers automatic data optimization, allowing query execution to be offloaded to the best compute cluster based on data placement and workload.

Three Important Layers of Snowflake’s Architecture

The architecture of Snowflake is made up of three major layers: the cloud services layer, the virtual warehouse layer, and the storage layer. This multi-layered architecture is intended to provide scalability, flexibility, and performance when dealing with large-scale data processing and analytics workloads.

The cloud services layer serves as the Snowflake system’s control plane. Services such as metadata management, query optimization, security, and transaction management are included. This layer coordinates and manages all system processes, guaranteeing effective resource allocation and task management. This layer also checks for user authentication and user access to data via role-based access control.

Figure 1.1 shows the three layers of Snowflake’s architecture:
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Figure 1.1: Three Layers of Snowflake Architecture

The computational resources are located in the virtual warehouse layer. It is made up of a number of virtual warehouses, which are compute clusters that execute queries and perform analytical operations. Each virtual warehouse can be scaled individually, allowing users to assign computing power based on their workload demands. This layer allows for parallel processing and concurrent access to shared data.

Snowflake Storage, the storage layer, is in charge of data persistence and durability. It makes use of an improved columnar storage format and compression techniques to reduce storage requirements while increasing query performance. Snowflake Storage data is automatically partitioned and structured to allow for efficient query execution. Furthermore, Snowflake’s distinct architecture enables the storage and computation layers to scale separately, allowing for greater flexibility in managing storage capacity and computing resources.

Snowflake is able to provide various benefits due to its three-layered architecture. Users may increase computation resources independently of data storage thanks to the separation of compute and storage, which provides cost optimization and elastic scalability. The shared data paradigm maintains data consistency and eliminates data silos, making data sharing and collaboration across computing clusters simple. Snowflake’s architecture also includes innovative query optimization algorithms and automated indexing, which improve query efficiency and accelerate analytical operations.

Separation of Compute and Storage

The separation of compute and storage is one of Snowflake’s fundamental architectural features, which provides the most benefits in terms of scalability, performance, and cost optimization. Snowflake’s architecture decouples computation and storage resources, allowing them to scale and be controlled independently.

Snowflake’s separation of computing and storage provides various advantages. It offers elastic scalability and users can quickly scale up or down their computational capacity based on workload demands, without worrying about data migration or duplication. This elasticity enables organizations to handle peak demands in a cost-effective and efficient manner.

Another advantage is the ability to separate storage and computation costs. Because Snowflake bills computing and storage separately, users only pay for the compute resources they utilize, without incurring additional fees for data storage. This decoupling allows for greater cost management flexibility and alignment with real usage.

The separation of CPU and storage improves performance as well. Snowflake’s storage layer is optimized for high-performance analytics. It makes use of a columnar storage structure and compression algorithms to provide fast data retrieval and query execution. Snowflake can give quick and scalable performance by leveraging the capabilities of parallel processing and distributed computing with compute resources dedicated to query processing and analytics.

Additionally, the separation of compute and storage allows for data sharing and collaboration. Multiple compute clusters can access and query the same underlying data at the same time without data migration or duplication. This shared data facilitates cooperation and eliminates the need for data replication or synchronization by simplifying data sharing among various teams or users.

Overall, Snowflake’s separation of computing and storage gives enterprises flexibility, scalability, performance, and cost optimization. It enables customers to scale computational resources independently of data storage, resulting in elastic scalability and resource utilization. The shared data paradigm allows for seamless collaboration and data sharing, increasing productivity and removing data silos.

Scaling Up for Large Workloads

With its scalable architecture, Snowflake, the data cloud technology, excels at handling massive workloads. Because of the architecture’s design, businesses can quickly scale up their resources to meet the needs of massive data processing, providing optimal performance and cost-effectiveness.

The scalable design of Snowflake is based on the separation of computing and storage. The storage layer, which makes use of object storage services such as Amazon S3 or Microsoft Azure Blob Storage, enables the efficient and elastic storage of large amounts of data. This separation reduces the need to allocate additional storage resources when increasing computation capacity, allowing for greater agility in managing data expansion.

When dealing with massive workloads, Snowflake provides a one-of-a-kind capability known as virtual warehouses. Virtual warehouses are computational resource clusters that may be provisioned and scaled on demand. Snowflake’s separation of computation and storage allows customers to allocate compute resources independently without affecting the underlying data storage. Because of this decoupling, enterprises may easily increase compute power to manage enormous workloads and improve query performance.

Snowflake’s design is based on a shared-nothing, multi-cluster paradigm, as mentioned earlier. This architecture enables parallel query processing over numerous computing nodes within a virtual warehouse, resulting in significant performance improvements for data-intensive tasks. Snowflake dynamically scales compute resources as workloads grow in size by adding more compute nodes, ensuring efficient query execution and minimal latency.

Snowflake’s capacity to scale up for enormous workloads is also aided by its transparent and intelligent optimization capabilities. The query optimizer in Snowflake uses complicated algorithms and analytics to optimize query execution plans, ensuring effective resource use and decreasing query processing time even with big datasets.

Several enterprises have discovered the advantages of using Snowflake to scale up for enormous workloads. Many global technology firms adopted Snowflake’s design to meet their high-volume data analytics requirements. They realized considerable speed improvements and the capacity to handle peak workloads without interruptions by employing Snowflake’s scalable compute resources.

Snowflake’s design provides a solid foundation for scaling up to efficiently handle big workloads. The flexibility to offer virtual warehouses on-demand, together with the separation of computation and storage, enables enterprises to grow their resources elastically, assuring optimal performance and cost-effective data processing.

Handling Multiple Concurrent Users

Snowflake’s architecture is designed to efficiently handle several concurrent users, ensuring excellent performance and easy data processing. Snowflake delivers a scalable and shared environment that responds to the needs of several users accessing data at the same time, thanks to its innovative approach to separating computing and storage.

The separation of compute and storage is a major feature of Snowflake’s design that also enables effective handling of concurrent users. Data is kept in a scalable and persistent storage layer, such as Amazon S3 or Microsoft Azure Blob Storage, while computational resources are provided as virtual warehouses independently. Due to this separation, computing resources may be scaled independently based on the number of concurrent users and their query demands.

Snowflake virtual warehouses are in charge of executing queries and analytical processes. They can be dynamically provisioned, allowing companies to deploy the right number of compute resources to accommodate concurrent user workload. The auto-scaling functionality in Snowflake automatically adjusts the number of compute nodes within a virtual warehouse based on the incoming query workload, providing optimal performance and resource use.

Shared-nothing paradigm in Snowflake’s design is key in its concurrency handling also, with each virtual warehouse operating independently. This means that several users can run queries across separate virtual warehouses at the same time without interfering with each other’s performance. Because of this architecture, each user’s requests are performed individually and in parallel, resulting in efficient query execution and low latency.

Snowflake also has powerful concurrency controls for managing and prioritizing query execution among numerous concurrent users. It makes use of a query scheduling and execution architecture that handles resource allocation dynamically and assures equitable access to compute resources. This technique prioritizes vital requests, avoiding resource contention and guaranteeing that all users receive timely query results. We will cover this extensively in our warehouse chapter.

The capacity to handle several concurrent users efficiently is critical for data-driven companies. In this aspect, many businesses have reaped the benefits of Snowflake’s architecture. For example, Snowflake was used by DoorDash, a leading food delivery business, to manage its growing user base and demanding data analytics requirements. DoorDash was able to accommodate concurrent users accessing and analyzing data in real-time because of Snowflake’s scalable design, which aided their decision-making processes and improved consumer experiences.

Snowflake’s design excels at supporting numerous concurrent users by detaching computing and storage, enabling independent scalability of compute resources, leveraging a shared-nothing approach, and implementing effective concurrency controls. Snowflake is a strong platform for enterprises dealing with enormous user bases and heavy data workloads since this strategy assures optimal performance, minimal latency, and equitable resource distribution.

Industry Applications

Snowflake has transformed multiple sectors through the provision of a highly adaptable and scalable data platform that operates in the cloud. Snowflake empowers financial institutions to efficiently handle and analyze large volumes of data, hence assisting in risk management, fraud detection, and regulatory compliance.

Snowflake enables the secure and compliant storage of patient data, promotes advanced analytics for tailored medicine, and simplifies data sharing among healthcare providers. Snowflake assists retail establishments in examining customer behavior, optimizing inventory management, and improving the entire customer experience by providing individualized recommendations.

Conclusion

In summary, Snowflake’s architecture transforms the way businesses organize and process data. Snowflake allows scalable, flexible, and high-performance data processing by separating compute and storage. The separation of compute and storage enables autonomous resource scaling, which optimizes cost management and resource use. Furthermore, because of its parallel processing capabilities, Snowflake’s shared-nothing approach allows several concurrent users to access and process data without affecting performance. Snowflake’s sophisticated concurrency controls prioritize queries and efficiently manage resources, ensuring fair access and responsive query responses for all users.

Because of its elastic scalability and intelligent query optimization, Snowflake’s design has proven to be useful for handling big workloads. Businesses may quickly scale up compute resources to handle enormous workloads without compromising performance or incurring extra storage expenditures. Another feature of Snowflake’s design is its capacity to manage several concurrent users, providing a shared environment in which users may access and analyze data in real-time without contention.

Snowflake’s architecture has benefited numerous enterprises, including faster query performance, increased scalability, and easier data processing. Snowflake’s architecture has been used by companies to handle their growing user base and complicated analytics requirements, allowing them to make data-driven choices and improve consumer experiences.

Snowflake’s adaptability is particularly evident in cutting-edge applications, such as data research and artificial intelligence (AI). The platform’s seamless integration with Snowpark, a native JavaScript data programming language, enables data scientists to immediately do intricate analytics within the platform. The Snowflake Marketplace provides a diverse range of data-driven solutions, promoting creativity and cooperation. The Snowflake in Snowflake (SiS) methodology guarantees a straightforward and precise process for sharing and exchanging data. Snowflake plays a crucial role in facilitating progress at the convergence of technology and analytics as firms adapt to the changing data world.

In conclusion, the Snowflake architecture provides the foundation for scalable, flexible, and high-performance data processing. Its separation of computing and storage, shared-nothing model, and concurrency enable it to handle big workloads and several concurrent users efficiently. Businesses may unlock the full potential of their data and speed up their data-driven decision-making processes by implementing Snowflake’s architecture.

In the next chapter, you will learn about the fundamental components of Snowflake’s organization and accounts. Discover how these critical components influence data management, access control, and resource allocation. Learn how to optimize your Snowflake organization to meet your firm’s increasing data needs.
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