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   preface
 

  
 

   

   My journey with MongoDB has been both extensive and deeply immersive. As a MongoDB Champion, I have had the privilege of participating in numerous MongoDB events and training sessions, contributing to the development of certification-exam questions, and have also been a speaker at various conferences, sharing my expertise and real-world experiences.
 

  
 

   

   Professionally, I work as an SRE/DevOps engineer, managing some of the most complex and largest-scale deployments in Europe. One of my most significant experiences involved managing one of the continent’s largest MongoDB farms, with clusters that exceeded 100 TB. Each cluster consisted of 130 nodes and implemented microsharding, a technique that allows multiple MongoDB processes to run on the same host. These clusters were not just massive in scale but also mission-critical, responsible for handling passenger flight information. The need for lightning-fast search capabilities made MongoDB an indispensable part of these high-stakes operations. Through this hands-on experience, I used many of MongoDB’s advanced features, which I explore in detail throughout this book.
 

  
 

   

   This journey also introduced me to MongoDB Atlas, the fully managed Database as a Service (DBaaS). It was in this high-pressure environment that I first recognized the power and convenience of Atlas, especially in reducing the operational overhead of managing massive clusters. Atlas’s ability to handle scaling, backup management, and performance optimization with minimal intervention was a game-changer.
 

  
 

   

   Beyond working with large-scale enterprise applications, I have seen MongoDB thrive in the startup ecosystem. One such project involved a customer relationship management (CRM) system, in which MongoDB proved its value not only in scalability but also in agility and performance. This experience, however, also highlighted the challenges of running self-managed MongoDB instances, particularly the complexity of replicating collections from MongoDB to Elasticsearch to enable full-text search capabilities. It was through overcoming these challenges that I truly appreciated the built-in capabilities of MongoDB Atlas, which offers full-text search natively, eliminating the need for such complex integrations.
 

  
 

   

   This book is a culmination of my hands-on experience, real-world challenges, and deep technical insights. My goal is to provide a comprehensive guide to MongoDB, whether you are building a small application or managing a multiterabyte enterprise system. I cover not only best practices and technical optimizations but also strategic insights to help you make the right architectural decisions for your needs.
 

  
 

   

   I invite you to join me on this journey as we delve into MongoDB’s capabilities and unlock its full potential together.
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   about this book
 

  
 

   

   This book provides a comprehensive guide to MongoDB version 8.0 and the MongoDB Atlas data platform, covering everything from fundamental concepts to advanced techniques for building, scaling, and optimizing modern web applications. You will learn how to use different types of indexes for query optimization, scale data horizontally using sharding, and use advanced features such as full-text search, vector search, and change streams to enhance search capabilities, real-time analytics, and event-driven architectures in AI-powered applications.
 

  
 

   

   Who should read this book
 

  
 

   

   This book is for developers who want to build scalable applications with MongoDB and MongoDB Atlas DevOps and SRE professionals who are responsible for database deployment, monitoring, and scaling; data architects seeking to design efficient database schemas and optimize query performance; and engineers working with AI applications, full-text search, event-driven architectures, or real-time analytics.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   The book is divided into three parts:
 

  
 

   

   	Part 1 provides an overview of MongoDB: 

     

     	
Chapter 1—Introducing MongoDB, document-oriented data modeling, and the flexible schema. This chapter lays the groundwork for understanding how MongoDB structures data differently from relational databases.
 

     	
Chapter 2—Getting started with Atlas, setting up clusters, and managing data. You learn how to deploy a MongoDB instance quickly using Atlas and explore its essential features.
 

     	
Chapter 3—Connecting to MongoDB using MongoDB Shell (mongosh), Compass, and various programming language drivers. This chapter covers different tools and methods for efficient interaction with MongoDB.
 

     	
Chapter 4—Executing create, read, update, and delete (CRUD) operations, scripting with mongosh, and working with time-series collections. Hands-on examples demonstrate how to manipulate and query data effectively.
 

     	
Chapter 5—Designing schemas, embedding and referencing data, and validating schema structures. This chapter is a journey into data modeling strategies to ensure optimal database performance and maintainability.
 

     	
Chapter 6—Building aggregation pipelines for data processing and optimization. You explore how to transform and analyze data using MongoDB’s powerful aggregation framework.
 

     	
Chapter 7—Indexing strategies, performance tuning, and query execution analysis. This chapter focuses on improving query performance through strategic indexing and query optimization.
 

     	
Chapter 8—Understanding atomicity, consistency, isolation, and durability (ACID) transactions in MongoDB and best practices for multidocument transactions. Learn how MongoDB handles transactions to ensure data consistency across multiple operations.
 

     	
Chapter 9—Replication for high availability and horizontal scaling with sharding. This chapter examines the fundamentals of data distribution and replication to enhance fault tolerance and scalability.
 

    
 
 

   	Part 2 covers the Atlas developer data platform: 

     

     	
Chapter 10—Exploring MongoDB Atlas as a DBaaS and its developer-centric tools. This chapter provides insights into Atlas’s managed features and shows why it simplifies database operations. 
 

     	
Chapter 11—Implementing full-text search using Atlas Search and Apache Lucene. You learn how to use search indexing to build fast, scalable search applications.
 

     	
Chapter 12—Using Atlas Vector Search for AI-driven applications and similarity search. This chapter explains how vector-based search enhances AI applications with semantic retrieval.
 

     	
Chapter 13—Using the Atlas command-line interface (CLI). The CLI enables local development and testing of AI applications by allowing you to spin up a local Atlas cluster, load data, and perform both full-text and vector searches, enabling rapid iteration without cloud deployment.

 

     	
Chapter 14—Building retrieval-augmented generation (RAG) AI chatbots with LangChain and MongoDB. Learn how to develop intelligent chatbots that retrieve and generate relevant responses dynamically.
 

     	
Chapter 15—Developing event-driven applications with Atlas Stream Processing. You see how to process real-time data streams and trigger database-driven events.
 

     	
Chapter 16—Querying Amazon S3 and Azure Blob Storage using the MongoDB Query API, which enables seamless access to distributed data. Explore the architecture of Atlas Data Federation, deploy a federated database instance, and understand its limitations and pricing model.
 

     	
Chapter 17—Archiving aging or infrequently accessed data with Atlas Online Archive for seamless storage optimization. Initialize the archive, apply archiving strategies, connect and query archived data, delete archived documents, and restore data when necessary.
 

     	
Chapter 18—Querying Atlas using SQL and integrating business-intelligence (BI) tools. This chapter is a guide to using SQL-based queries in MongoDB and connecting it to BI platforms.
 

     	
Chapter 19—Creating Atlas Charts, database triggers, and serverless functions. This chapter walks through MongoDB Atlas’s visualization and automation capabilities for data-driven applications.
 

    
 
 

   	Part 3 covers security and operations: 

     

     	
Chapter 20—Securing your data with Atlas. This topic involves managing authentication and authorization, enforcing least-privilege access, integrating with HashiCorp Vault, and configuring encryption in transit, at rest, and during processing. Strengthen network protection through IP access lists, virtual private cloud (VPC) peering, and private endpoints.
 

     	
Chapter 21—Achieving operational reliability with Atlas. This topic involves implementing robust backup strategies, monitoring performance, and tuning your cluster. Restore data, identify slow queries, optimize schema design, configure alerts, analyze logs, and manage cluster upgrades effectively.
 

    
 
 

  
 

   

   About the code
 

  
 

   

   This book contains many examples of source code in numbered listings and inline with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes, code is also in bold to highlight code that has changed from earlier steps in the chapter, such as when a new feature adds to an existing line of code.
 

  
 

   

   In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In rare cases, even this was not enough, and listings include line-continuation markers (➥). Also, comments in the source code were removed from the listings when the code was described in the text. Code annotations accompany many of the listings, highlighting important concepts.
 

  
 

   

   All source-code examples, command-line scripts, and supplementary materials referenced throughout this book are available in the companion GitHub repository at https://github.com/arekborucki/MongoDB-in-Action.
 

  
 

   

   The repository is organized by chapter, and each directory contains practical materials aligned with the book’s content. It serves as a hands-on companion for exploring MongoDB and the Atlas developer data platform in real-world contexts. The repository includes the following, among other things:
 

  
 

   

   	Code examples written in JavaScript (Node.js), Python, and shell scripts
 

   	Aggregation pipelines, indexing strategies, and query optimization examples
 

   	Use cases for Atlas Search, including autocomplete, fuzzy search, and synonym mapping
 

   	Atlas Vector Search samples demonstrating similarity search and AI-driven retrieval
 

   	Real-time stream processing examples using Atlas Stream Processing
 

   	Data life-cycle management using Online Archive and Data Federation
 

   	Backup and restore utilities, including snapshot creation, point-in-time recovery, and cluster restoration
 

   	DevOps tools for performance tuning, schema validation, and automation workflows
 

   	Monitoring, alerting, and diagnostic scripts for managing MongoDB Atlas clusters
 

  
 

   

   This codebase is updated continually to reflect new MongoDB 8.0 features and enhancements in the Atlas platform. It provides a practical reference for professionals who are building reliable, scalable applications in the cloud.
 

  
 

   

   You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/mongodb-in-action-third-edition. The complete code for the examples in the book is also available for download on the Manning website at https://www.manning.com/books/mongodb-in-action-third-edition.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of MongoDB 8.0 in Action, Third Edition, includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/mongodb-in-action-third-edition/discussion. 
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where meaningful dialogue between individual readers and between readers and authors can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest that you try asking the author some challenging questions lest their interest stray! The forum and the archives of previous discussions will be accessible on the publisher’s website as long as the book is in print.
 

  
 

 

   

   about the author
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   Arek Borucki is an SRE/DevOps expert specializing in MongoDB, NoSQL, Kubernetes, and cloud platforms. He builds scalable, high-performance systems for mission-critical workloads. As a MongoDB Champion and co-author of official MongoDB and Atlas certification exams, he shares his expertise through training, technical content, and regular talks at global events like MongoDB.local and the Data on Kubernetes Community. His interests include real-time analytics, performance tuning, automation, observability, and AI-driven distributed systems. He helps teams apply best practices to deliver efficient, resilient infrastructure.
 

  


 

   

   about the cover illustration
 

  
 

   

   The figure on the cover of MongoDB 8.0 in Action, Third Edition, titled “Le Bourginion” (a resident of the Burgundy region in northeastern France), is taken from a book by Louis Curmer published in 1841. Each illustration is finely drawn and colored by hand.
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was by their dress alone. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 

  


 

   

   
Part 1 A database for modern web applications

 

  
 

   

   Imagine that you’re running an online store with millions of products and thousands of customers shopping at the same time. In a traditional relational database, you might start to hit performance walls as your data grows. Tables get larger, queries slow, and scaling vertically (adding more CPU or RAM) becomes expensive and limited.
 

  
 

   

   MongoDB was designed to solve these problems. Unlike relational databases that rely on rigid schemas, monolithic architectures, and JOIN-heavy queries, MongoDB embraces a flexible, document-oriented model and is built from the ground up to scale horizontally. JOINs, although powerful, create tight coupling between tables, making horizontal scaling across distributed systems much more difficult. MongoDB prevents this problem by storing related data together in rich, self-contained documents. Need more capacity? Add another server. MongoDB’s automatic sharding takes care of distributing your data across nodes, allowing your system to grow with your users.
 

  
 

   

   Have you ever tracked your food delivery in real time, received a personalized product recommendation while shopping online, or collaborated with teammates in a shared document editor? If so, you’ve experienced the power of modern web applications—and chances are that MongoDB was working behind the scenes.
 

  
 

   

   Today’s applications are built to be fast, flexible, and evolving. They collect and process enormous volumes of data, from user preferences and chat messages to product catalogs and sensor readings. Traditional relational databases, with their rigid schemas and limited scalability, often struggle to keep up with the pace and diversity of these demands.
 

  
 

   

   MongoDB takes a different approach. It’s a document-oriented database designed for the modern web. Instead of storing data in fixed tables with rows and columns, MongoDB stores information as flexible, JSON-like documents that naturally map to how developers think and code. This design makes it possible to build and iterate on applications rapidly without being held back by schema changes or performance bottlenecks.
 

  
 

   

   In this first part of the book, you’ll dive into the world of MongoDB and see how it powers cloud-native applications. Chapter 1 introduces the document data model and shows how MongoDB enables flexible, schema-agnostic development. You’ll also learn about MongoDB Atlas, a fully managed database service that lets you run MongoDB clusters in the cloud with ease.
 

  
 

   

   Chapter 2 guides you through your first hands-on experience with Atlas: spinning up a cluster, importing data, and making your first queries. Chapter 3 introduces the tools you’ll use to interact with MongoDB, from the mongosh shell and MongoDB Compass to programming-language drivers like Node.js, Python, and Ruby. 
 

  
 

   

   In chapter 4, you’ll learn how to create, read, update, and delete documents—the core operations that power every database application. Chapter 5 shifts focus to schema design and data modeling. You’ll explore different approaches to structuring documents and linking related data, whether through embedding or referencing.
 

  
 

   

   Chapter 6 introduces aggregation pipelines, a powerful feature that allows you to transform and analyze data within MongoDB. You’ll see how to group, filter, reshape, and even output data from your collections using declarative pipeline stages.
 

  
 

   

   Next, chapter 7 dives into indexing, which is a critical topic for performance. You’ll learn about various index types and see how to use them to speed your queries. Chapter 8 explores multidocument atomicity, consistency, isolation, and durability (ACID) transactions, showing how MongoDB ensures data consistency in complex operations.
 

  
 

   

   Finally, chapter 9 turns your attention to scaling and resilience. You’ll discover how MongoDB ensures high availability through replication and scales horizontally using sharding, letting you handle massive volumes of data across distributed systems.
 

  
 

   

   Whether you’re building your first MongoDB app or looking to master the foundations, this part of the book gives you the tools and understanding to start strong.
 

  


 

   

   
1 Understanding the world of MongoDB

 

  
 

   

   This chapter covers
 

    

    	Analyzing the document-oriented data model
 

    	Breaking down MongoDB sharded cluster components
 

    	Exploring the core features of the MongoDB server
 

    	Understanding Atlas and its key features
 

    	Taking a first glance at full-text search and vector search
 

   
 

  
 

   

   The landscape of database technology is undergoing a significant transformation, ushering in an era of next-generation databases designed to meet the evolving demands of modern applications. These cutting-edge systems offer unparalleled flexibility, scalability, and performance, challenging traditional paradigms and setting new standards for data management.
 

  
 

   

   In this book, I explore MongoDB, the next-generation NoSQL database, and its vast potential. MongoDB is a versatile, flexible, and scalable document database suitable for a wide range of applications. It supports scaling out and includes features like secondary indexes (e.g., faster lookups in e-commerce), range queries (e.g., chat applications), sorting (e.g., ordering search results), change streams (e.g., real-time updates in stock trading apps), aggregations (e.g., analytics dashboards), and geospatial indexes (e.g., Uber Maps), making it a powerful tool for developers. MongoDB Atlas, on the other hand, is a managed MongoDB Database as a Service (DBaaS) that operates across multiple cloud platforms. Atlas enhances MongoDB’s core server capabilities by adding features such as full-text search for ranking, relevance, wildcard, fuzzy, or faceted search; vector search (pivotal in supporting retrieval-augmented generation applications and generative AI); stream processing; SQL interface; and more, offering advanced search and real-time data processing functions.
 

  
 

   

   With built-in security, automated backups, and seamless scalability, Atlas simplifies database management while ensuring high availability. This makes it a good choice for startups and large enterprises looking to build reliable, data-driven applications.
 

  
 

   

   
1.1 Examining the document-oriented data model
 

  
 

   

   In modern software development, objects that encapsulate data and methods are central, representing real-world entities such as customers, invoices, and flights. These objects are ephemeral during program execution and must be stored permanently for future use—a process known as persistence. Persistence ensures that the state of objects is maintained across program runs, allowing for ongoing interaction with stored data.
 

  
 

   

   Document databases cater to this need by enabling direct storage of objects without significant data transformation, simplifying the persistence process. They support intuitive querying by allowing data to be filtered and aggregated directly through objects, aligning with object-oriented programming principles. It’s important to note, however, that MongoDB is versatile and equally suited to functional programming, as it accommodates various programming paradigms effectively.
 

  
 

   

   Unlike traditional relational databases that use a strict schema, document databases offer flexibility in data organization to optimize storage and retrieval for specific operations. Traditional relational databases are well suited to applications requiring complex, precise transactional operations, such as financial systems, in which data integrity and consistency are paramount. They are defined by a schema that describes all functional elements (such as tables, rows, and relationships), providing a high degree of control but requiring data to be formatted to fit into a structured table model. By contrast, document databases like MongoDB operate on a flexible schema basis, meaning that they do not require a predefined structure for data before it is stored. This flexibility allows each document to store data in a dynamic structure that can include fields and data types that vary from one document to another, significantly enhancing data access efficiency by allowing the co-location of related data. This flexible schema architecture makes these databases ideal for scenarios requiring rapid development and the ability to scale and adapt data structures on the fly, such as content management systems, e-commerce platforms, and real-time big data analytics. By embedding related data as arrays or nested documents, document databases reduce the need for separate tables, streamline data management, reduce reliance on separate storage structures, simplify access through fewer read operations, and lower overall data retrieval costs.
 

  
 

   

   MongoDB uses Binary JSON (BSON), a binary-encoded serialization of JSON-like documents, to store objects. Although BSON maintains the lightweight, easy-to-use characteristics of JSON, it extends these capabilities by supporting data types that are not available in standard JSON, such as dates and binary data. This enhancement enables MongoDB to handle more complex data structures effectively.
 

  
 

   

   It’s important to note that although the way a document is represented can differ across programming languages, most languages offer a data structure that aligns well with the concept of a document. Structures like maps, hashes, and dictionaries are commonly used, providing a flexible means to organize and access data in the form of key-value pairs. These structures naturally support the organization and access of data in key-value pairs, a format that MongoDB uses efficiently to facilitate data manipulation and retrieval across various applications. A simple document containing a book title might look like this in JavaScript:
 

  
 

   

    

    { "title": "MongoDB 8.0 in Action" }
  

   
 

  
 

   

   This example is straightforward; most documents in MongoDB are more complex, typically containing multiple key-value pairs, arrays, and nested documents. This structure allows storage of structured information in a way that’s both efficient and easy to access. Storing more information within a single document can reduce read operations, improve query performance, and simplify data retrieval. Following is an example of a MongoDB document with arrays and nested documents.
 

  
 

   

   Listing 1.1 A MongoDB document with arrays and nested documents
 

    

    {

  "_id": 1,

  "title": "MongoDB 8.0 in Action",

  "publisher": "Manning Publications",

  "status": "Available",

  "focusAreas": [

    "MongoDB Database System",

    "Atlas Platform"

  ],

  "publicationYear": 2025,

  "additionalDetails": {

    "embeddedDocument": {

      "description": "A comprehensive guide to mastering

MongoDB 8.0, including working with the Atlas

Platform and learning the latest features"

    }

  }

}
  

   
 

  
 

   

   As we’ve seen, MongoDB stores data in flexible, JSON-like documents. To interact with this data, the MongoDB Query API (previously known as MongoDB Query Language) can be used, which provides an effective and versatile way to perform all database operations. The Query API is designed to be intuitive, allowing you to naturally express queries that can range from the very simple to the highly complex. In later chapters, we will dive into this language, examining its syntax and capabilities in detail. For now, let’s look at three introductory examples of queries in MongoDB:
 

  
 

   

   	Finding a book by title:
 

  
 

   

    

    db.books.find({ "title": "MongoDB 8.0 in Action" })
  

   
 

  
 

   

   This query would return the document(s) in which the title field is "MongoDB 8.0 in Action".
 

  
 

   

   	Updating the publisher of a book:
 

  
 

   

    

    db.books.updateOne(

  { "title": "MongoDB 8.0 in Action" },

  { $set: { "publisher": " Manning Publications Co" } }

)
  

   
 

  
 

   

   This operation changes the publisher field of the matching document to "Manning Publications Co".
 

  
 

   

   	Removing documents based on publication status:
 

  
 

   

    

    db.books.deleteMany({ "status": "out of print" })
  

   
 

  
 

   

   This command deletes all documents in the books collection that have a status of "out of print".
 

  
 

   

   These queries illustrate the fundamental principles of the Query API design: its directness and effectiveness in data manipulation. Through these examples, we see how this query language facilitates precise data querying and updating with minimal complexity. This introduction paves the way for a deeper dive into its capabilities, highlighting its role in efficient database operations and setting a foundation for the detailed exploration to follow.
 

  
 

   

   
1.2 Scaling data horizontally
 

  
 

   

   Data sets for applications are growing rapidly, driven by more bandwidth and cheaper storage, leading to applications managing large volumes of data, often in terabytes. This growth challenges developers to scale their databases by scaling up, upgrading to bigger servers with inherent cost and physical limits, or scaling out (partitioning data across multiple machines), adding more servers to a cluster for a more cost-effective and scalable solution, albeit with increased management complexity.
 

  
 

   

   MongoDB is optimized for scaling out, using its document-oriented model to distribute data efficiently across multiple servers. MongoDB’s document-oriented model is well suited to distributing data because each document is self-contained, meaning that all necessary information is stored in one place, reducing the need for the complex joins between data that are common in relational databases. As a result, MongoDB can efficiently manage and allocate data across servers, facilitating easy scaling. Because documents don’t rely on others to function or fulfill queries, the system can quickly retrieve data from the appropriate server, enhancing performance and scalability. 
 

  
 

   

   Figure 1.1 illustrates this scaling-out approach. The process that implements this approach is known as sharding. Sharding distributes data across multiple machines, automating data balancing and load distribution to simplify the management of data scalability. This method allows MongoDB to handle large datasets and high-throughput operations by partitioning data into shards, each of which can be hosted on different servers. Adding new machines to accommodate growing data needs is seamless with MongoDB, which intelligently redistributes data across the cluster.
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Figure 1.1 MongoDB’s sharding architecture enables horizontal scaling by distributing data across multiple servers. (Image © MongoDB 2024 CC BY-NC-SA 3.0) 


  
 

   

   As shown in figure 1.1, the architecture surrounding a sharded MongoDB cluster involves several key components:
 

  
 

   

   	
Application and driver—The application interacts with MongoDB through a driver, which is responsible for connecting to the appropriate MongoDB instances. The driver communicates with mongos to route queries to the correct shard.
 

   	
mongos (query routers)—mongos routers are responsible for distributing client queries to the correct shards by using metadata from config servers. They support high availability and scalability through the deployment of multiple mongos instances. If a proxy or load balancer is between the application and the mongos routers, configuring it for client affinity is essential. Client affinity, or sticky sessions, ensures that a load balancer or proxy directs a client to the same backend server for all requests. In this setup, after a client connects to a specific mongos router, all subsequent requests are routed to that same instance, ensuring session consistency. For shard-level high availability, you can add more mongos instances on the same hardware where they are already running or embed mongos routers directly at the application level. Adding more mongos routers can lead to performance degradation due to frequent communication with config servers. To avoid this situation, I recommend keeping the number of mongos routers below 30. 
 

   	
Config servers (replica set)—These servers store the metadata required to manage the sharded environment, such as the layout of the shards and the location of data within the shards. Operating as a replica set, they ensure redundancy and high availability of this crucial metadata.
 

   	
Shard (replica set)—Within the sharded cluster, each shard is essentially a replica set that acts as a single data partition. These shard replica sets ensure data redundancy and availability, handling read and write operations. If the primary server in a shard fails, one of the secondary servers can take over as the primary server automatically, ensuring continuous database operations. MongoDB does not have a strict maximum limit on the number of shards in a sharded cluster, but practical limitations can arise due to the complexity of managing a large number of shards, especially as the number increases into the hundreds. 
 

  
 

   

   TIP Starting with MongoDB version 8.0, you can simplify cluster management by integrating configuration servers with data nodes (shards). You can configure a config server to store application data in addition to the usual sharded cluster metadata. This integration reduces operational overhead and costs associated with managing separate configuration servers.
 

  
 

   

   
1.3 Exploring the MongoDB ecosystem
 

  
 

   

   MongoDB is a general-purpose database that provides a broad range of features. It’s available as a Community Edition (a free version designed for developers and small teams looking to explore MongoDB’s capabilities without the cost of a full-fledged commercial license) and MongoDB Enterprise Advanced (which offers operational and security enhancements, including encrypted and in-memory storage engines, authentication and authorization using OpenID Connect (OIDC) and OAuth 2.0, as well as auditing capabilities). MongoDB Enterprise Advanced also includes entitlements to use comprehensive management tools such as Ops Manager and Enterprise Operator for Kubernetes. It’s available on MongoDB Atlas, a fully managed cloud service that not only simplifies database setup, scaling, and management but also enhances the core MongoDB server with exclusive features for cloud environments.
 

  
 

   

   
1.3.1 Learning the core MongoDB server features
 

  
 

   

   Here’s an outline of some essential MongoDB features, available in MongoDB Community Edition, Enterprise Edition, and MongoDB deployed in Atlas:
 

  
 

   

   	
Indexes—MongoDB provides support for generic secondary indexes, along with specialized indexing options such as unique, compound, geospatial, and text indexes. It also supports secondary indexing on hierarchical data structures, including nested documents and arrays, thus empowering developers to model their data optimally according to the specific needs of their applications.
 

   	
Aggregation framework—Aggregation operations process data records and return computed results. Aggregation operations group values from multiple documents together and can perform a variety of operations on the grouped data to return a single result. The framework provides features similar to SQL’s GROUP BY, related operators, and basic self-joins; it also allows data reshaping. 
 

   	
Change streams—Applications can use change streams to subscribe to all data changes on a single collection, a database, or an entire deployment and react to them immediately. Because change streams use the aggregation framework, applications can also filter for specific changes or transform the notifications at will.
 

   	
Special collections and indexes—MongoDB features time-to-live (TTL) indexes for automatically expiring data, capped collections for maintaining recent data like logs, and partial indexes to index only documents that meet specific criteria, enhancing efficiency and saving storage space.
 

   	
Time-series collections—Applications can use these collections to manage timestamped data efficiently, optimizing both storage and retrieval processes for information that changes over time, such as metrics, device data, and application logs.
 

  
 

   

   
1.3.2 Learning MongoDB Atlas concepts
 

  
 

   

   The contribution of Atlas to the robustness of MongoDB is invaluable. It enables data distribution among leading cloud service providers, such as Amazon Web Services (AWS), Microsoft Azure, and Google Cloud Platform (GCP). Atlas has built-in automation mechanisms for optimizing resources and workloads. It includes a comprehensive security suite to protect data integrity and privacy; it also offers advanced tools for backup and restoration, ensuring data resilience and effortless recovery capabilities. 
 

  
 

   

   Over the past few years, Atlas has evolved from merely a DBaaS to a comprehensive suite of features and services designed to support the entire application development life cycle, significantly expanding the capabilities of the core MongoDB server. These capabilities, accessible through the unified MongoDB Query API, include
 

  
 

   

   	
Atlas Search—Built on industry-leading Apache Lucene. Atlas Search is an embedded full-text search in MongoDB, including abilities like custom scoring and facets to provide fast, relevant searches for users.
 

   	
Atlas Vector Search—Supports storing vector embeddings alongside unstructured data, enabling their use in semantic searches. These embeddings, generated by machine learning models such as OpenAI and Hugging Face, can be indexed in Atlas for applications like retrieval-augmented generation (RAG), recommendation engines, dynamic personalization, and other advanced use cases.
 

   	
Atlas Stream Processing—Allows for the processing of complex data streams using the same data model and Query API as in Atlas databases.
 

   	
Atlas Online Archive—Enables automatic archiving of infrequently accessed or historical data from MongoDB Atlas collections to low-cost cloud storage, while still allowing it to be queried in place using standard MongoDB queries. Helps reduce storage costs without impacting access to valuable historical data.
 

   	
Atlas SQL Interface—Enables the use of existing SQL knowledge and familiar tools to query and analyze Atlas data. The Atlas SQL Interface uses mongosql, a dialect compatible with SQL-92 and designed for the document model.
 

   	
Atlas Database Triggers—Enables the execution of server-side logic whenever changes occur in a connected MongoDB Atlas cluster. Triggers can be set up for specific collections, whole databases, or the entire cluster.
 

  
 

   

   Figure 1.2 illustrates the high-level architecture of Atlas.
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Figure 1.2 High-level architecture of the MongoDB multicloud Atlas data platform, with key components such as the Document Model and Unified Query API, as well as foundational features like security, global multicloud capabilities, resilience, and elasticity. MongoDB supports diverse functionalities like full-text search, vector search, stream processing, SQL interface, analytics, and time series, all of which integrate with your applications and data across various environments. (Image © MongoDB 2024 CC BY-NC-SA 3.0)



  
 

   

   A detailed discussion of the Atlas Developer Data Platform and all its features is available in part 2 of this book.
 

  
 

   

   
1.4 Enhancing the TCMalloc version
 

  
 

   

   MongoDB 8.0 uses an enhanced version of TCMalloc, which relies on per-CPU caches rather than per-thread caches to minimize memory fragmentation and improve the database’s resilience under heavy workloads. TCMalloc, short for Thread-Caching Malloc, is a high-performance memory allocator designed to optimize memory management in multithreaded applications. Unlike traditional memory allocators that often face contention between threads, TCMalloc provides each thread its own cache of memory blocks. This method not only accelerates memory allocation and deallocation but also reduces memory fragmentation. The shift to per-CPU caching in the MongoDB 8.0 update further increases efficiency, especially in high-concurrency environments, by aligning memory allocation more closely with individual CPU core operations, thereby enhancing overall performance and stability during intense workloads.
 

  
 

   

   
1.5 Discovering MongoDB Query API
 

  
 

   

   The MongoDB Query API is the primary method for interacting with data in MongoDB. It offers a flexible, efficient way to query documents, allowing you to apply filters, projections, and sorting to retrieve the exact data you need. You can use the Query API to perform queries in MongoDB in two main ways: 
 

  
 

   

   	
Create, read, update, and delete (CRUD) operations—Basic operations that enable the creation, reading, updating, and deletion of data in MongoDB. These operations are crucial for the management of data stored in databases (explained in chapter 4).
 

   	
Aggregation pipelines—An advanced querying technique that processes data through a multistage pipeline. This method facilitates complex data aggregation, transformation, and analysis operations, supporting sophisticated queries and data processing tasks (explained in chapter 6).
 

  
 

   

   The MongoDB Query API allows you to execute the following:
 

  
 

   

   	
Dynamic queries—Interact with your MongoDB data by using tools like MongoDB Shell (mongosh) and Compass GUI for MongoDB or MongoDB drivers.
 

   	
Data reshaping—Modify and compute data using powerful aggregation pipelines.
 

   	
Document joins—Combine data from several collections using aggregation pipeline operators like $lookup and $unionWith.
 

   	
Geospatial and graph-based queries—Handle location-based queries with $geoWithin and $geoNear, or explore graph data relationships using $graphLookup. 
 

   	
Full-text search—Use MongoDB and Apache Lucene full-text search capabilities with the $search stage in aggregation.
 

   	
Vector search—Perform approximate nearest neighbor queries and apply prefilters like $eq and $gte using the $vectorSearch aggregation pipeline stage.
 

   	
Stream processing—Manage and process real-time data streams with the $source stage for continuous data ingestion and processing.
 

   	
Time-series analysis—Query and aggregate timestamped data with time-series collections.
 

   	
Index creation—Enhance the performance of your MongoDB queries by using indexes specifically designed for them.
 

  
 

   

   Summary
 

  
 

   

   	In modern software development, objects representing real-world entities need to be stored permanently for future use via a process called persistence. Document databases like MongoDB simplify this process by allowing direct storage of objects without significant data transformation, supporting intuitive querying.
 

   	Unlike traditional relational databases with strict schemas, document databases like MongoDB offer a flexible schema, allowing dynamic structures with varied fields. This flexibility makes them ideal for rapid development and scalable scenarios, such as content management systems and real-time analytics, streamlining data management and reducing retrieval costs.
 

   	MongoDB uses BSON to store objects, extending JSON with data types like dates and binary data. This extension allows it to handle complex structures effectively. Most programming languages offer compatible structures like maps or dictionaries, which MongoDB uses for efficient data manipulation and retrieval.
 

   	To interact with this data, you can use the MongoDB Query API, which is effective and versatile for all database operations. The Query API is designed to be intuitive, making it easy to express both simple and complex queries.
 

   	MongoDB is optimized for scaling out, using its document-oriented model and sharding to distribute data across multiple servers. Sharding automates data balancing and load distribution, simplifying scalability management and allowing MongoDB to handle large datasets and high throughput. Adding new machines is seamless, as MongoDB intelligently redistributes data across the cluster.
 

   	MongoDB is a general-purpose database available as a free Community Edition and as MongoDB Enterprise Advanced, which offers enhanced security, operational tools, and management capabilities. Enterprise features include encrypted storage, OIDC and OAuth 2.0 authentication and authorization, auditing, Ops Manager, and Enterprise Operator for Kubernetes.
 

   	MongoDB Atlas, a fully managed cloud service, simplifies MongoDB setup, scaling, and management while adding exclusive cloud features. Over the past few years, Atlas has evolved from a DBaaS to a full platform, significantly expanding the core MongoDB server’s capabilities with a comprehensive suite of features and services for the entire application development life cycle.
 

   	MongoDB 8.0 introduces a new version of TCMalloc that uses per-CPU caches instead of per-thread caches. This change helps reduce memory fragmentation and enhances the database’s ability to handle heavy workloads effectively.
 

   	The MongoDB Query API is the primary method for interacting with MongoDB data. It allows flexible, efficient querying of documents through filters, projections, and sorting to retrieve the specific data you need. You can use the Query API to perform queries in MongoDB in two main ways: CRUD operations and aggregation pipelines. 
 

  


 

   

   
2 Getting started with Atlas and MongoDB data

 

  
 

   

   
This chapter covers

 

    

    	Discovering the Atlas platform and its command- line interface
 

    	Loading a sample data set into your MongoDB Atlas cluster
 

    	
Getting started with the MongoDB shell (mongosh)

 

    	Managing data with databases, collections, and documents
 

    	Examining time-series and capped collections
 

   
 

  
 

   

   In this chapter, we will take our first steps with MongoDB Atlas and delve into data management within a MongoDB deployment. We will explore the concepts, features, and techniques for storing data in MongoDB.
 

  
 

   

   Part 2 of this book gives you a more comprehensive understanding of MongoDB Atlas. For now, our focus is on taking the first steps to build the first MongoDB Atlas cluster using the Atlas command-line interface (CLI). Building this cluster is essential because it allows us to conduct practical exercises and gain a deeper understanding of MongoDB concepts, providing a hands-on experience that illustrates the platform’s capabilities and benefits in real-world applications.
 

  
 

   

   
2.1 Setting up your first Atlas cluster using Atlas CLI
 

  
 

   

   The quickest way to establish a MongoDB Atlas database cluster is to use the Atlas CLI. This interface, designed specifically for MongoDB Atlas, enables programmatic interaction with the Atlas platform, including features like Atlas Search and Vector Search, right from the terminal. It uses concise, intuitive commands, permitting the execution of database management operations in mere seconds.
 

  
 

   

   Additionally, there’s the option to load a sample MongoDB Atlas data set via the Atlas CLI, which will be useful during exercises. Let’s do that now!
 

  
 

   

   
2.1.1 Installing the Atlas CLI
 

  
 

   

   In this section, you’ll install the Atlas CLI using Homebrew, a versatile package manager available for both macOS and Linux, including the Windows Subsystem for Linux (WSL). To begin, open your terminal—whether it’s the Terminal in macOS, a Linux terminal, or the Windows Terminal in WSL. Next, execute the following command in your terminal to download and initiate the Homebrew installation script:
 

  
 

   

    

    /bin/bash -c "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/HEAD/install.sh)"
  

   
 

  
 

   

   This command fetches the latest Homebrew installer from its official GitHub repository using curl and executes it with bash, setting up Homebrew on your system. When Homebrew is installed, you can easily proceed with installing the Atlas CLI by using the command
 

  
 

   

    

    brew install mongodb-atlas
  

   
 

  
 

   

   This command will install Atlas CLI on your workstation. If you want to explore alternative methods of installing the Atlas CLI, you can use Yum for Red Hat–based systems, Apt for Debian-based systems, or Chocolatey for Windows, or you can install it within a Docker container. To check how to do it, see the official MongoDB documentation at https://mng.bz/RwEn. If you prefer manual installation, downloading the binary files directly is also an option. Detailed instructions on all these methods are available in the MongoDB official documentation.
 

  
 

   

   Also, you can download the Atlas CLI directly from https://www.mongodb.com/try/download/atlascli, which provides the latest versions for all supported platforms.
 

  
 

   

   
2.1.2 Creating an Atlas account
 

  
 

   

   To create an Atlas account, execute the Atlas CLI command auth register in your terminal. To register and log in to Atlas, you can use one, and only one, of these options: an email account, a GitHub account, or a Google account.
 

  
 

   

   TIP If your company uses federated authentication, you should use your company’s email address.
 

  
 

   

   When you use atlas auth register, you are redirected automatically to the Atlas user interface, where you need to select the login option and follow the onscreen steps. After creating an account in Atlas, you can log in.
 

  
 

   

   Authentication to an Atlas account is achieved by executing the Atlas CLI login command and following the instructions that appear in the terminal:
 

  
 

   

    

    atlas login
  

   
 

  
 

   

   Now that you have an account and are authenticated to that account, you can move on to create an organization. 
 

  
 

   

   
2.1.3 Creating an organization
 

  
 

   

   Your next step is creating an Atlas organization, which serves as a top-level container to manage multiple projects under a single umbrella. An organization can contain multiple projects and serve as the primary account level. Under this setup, it is possible to apply identical billing settings and implement uniform alert settings across all projects within the organization.
 

  
 

   

   To create an organization, use the command atlas organizations create, and assign a name to the organization you want to create.
 

  
 

   

   TIP Don’t provide sensitive information such as personally identifiable information (PII) or protected health information (PHI) for the Organization, Projects, Clusters, Databases, and Collections names.
 

  
 

   

   I’m using Manning Publications as my organization, and you can replace it with your name:
 

  
 

   

    

    atlas organizations create "Manning Publications"



Organization '65d70b45e4d5f96f787075c3' created.
  

   
 

  
 

   

   This command creates an organization with a unique organization ID. Typically, you can consider your company to be an “organization.” In most cases, one organization is sufficient. To check your organization ID, execute
 

  
 

   

    

    atlas organizations list
  

   
 

  
 

   

   This command displays your new organization ID. You will need that ID in the next step.
 

  
 

   

   You can save your commonly used Atlas connection settings as profiles for easy access. Profiles keep the organization IDs, project IDs, and (optionally) API keys for use in future Atlas CLI sessions. Profiles help streamline your workflow.
 

  
 

   

   Run the atlas config set org_id <your organization ID> to set the organization ID in your default profile. This will save you time; you can specify a profile instead of using the --projectId and --orgId flags with each Atlas CLI command that you use in this book:
 

  
 

   

    

    atlas config set org_id 65d70b45e4d5f96f787075c3



Updated property 'org_id'
  

   
 

  
 

   

   Now my Atlas Organization ID is saved as a profile. The Atlas CLI stores profiles in a configuration file called config.toml, in a location that depends on the operating system.
 

  
 

   

   NOTE If you’re using Windows, the config.toml file is located in the %AppData%/atlascli directory. If you’re using macOS, the file is in /Users/{username}/Library/Application Support/atlascli. For Linux users, it’s in the $XDG_CONFIG_HOME/atlascli directory (or $HOME/.config/atlas if XDG_CONFIG_HOME is unset).
 

  
 

   

   
2.1.4 Creating an Atlas project
 

  
 

   

   Next, you’ll need to set up a project within your Atlas organization, where your deployments will be organized. In MongoDB, a deployment refers to an instance of your database environment that includes servers, storage, and configuration settings. Each deployment is linked to a specific project, allowing individual settings for monitoring, backup, and automation. Projects within the same organization are grouped under the same billing settings to streamline cost management.
 

  
 

   

   Use the command atlas project create, naming the project MongoDB 8.0 in Action:
 

  
 

   

    

    atlas project create "MongoDB 8.0 in Action"



Project '65d70c5bc9b5633e80a9c998' created.
  

   
 

  
 

   

   Now use the command atlas project list to display your new project and assign the project’s ID to the profiles:
 

  
 

   

    

    atlas config set project_id 65d70c5bc9b5633e80a9c998

Updated property 'project_id'
  

   
 

  
 

   

   This operation updates the property project_id in the profile configuration. If you want to verify the settings of your default profile, run the command
 

  
 

   

    

    atlas config describe default
  

   
 

  
 

   

   TIP The Atlas CLI also supports environment variables. MONGODB_ATLAS_ORG_ID sets the organization ID for commands, and MONGODB_ATLAS_PROJECT_ID sets the project ID.
 

  
 

   

   NOTE Settings stored in environment variables override those in profiles. Projects or organizations specified with the --projectId and --orgId flags take precedence over the profile and environment variables.
 

  
 

   

   
2.1.5 Creating a MongoDB Atlas cluster
 

  
 

   

   Now is the time to create a MongoDB Atlas cluster for performing exercises, starting with the free tier. (I show you how to upgrade to a paid tier in chapter 9.) Let’s name this cluster "MongoDB-in-Action". Execute atlas cluster create with the appropriate flags. The cluster is deployed in the Google Cloud Platform (GCP) central U.S. region, but you can also choose Amazon Web Services (AWS) or Microsoft Azure as the provider:
 

  
 

   

    

    atlas cluster create "MongoDB-in-Action" --provider GCP \

--region CENTRAL_US --tier M0
  

   
 

  
 

   

   TIP You don’t need to provide your own GCP credentials; MongoDB Atlas handles the infrastructure provisioning using its own credentials. You need only specify your desired provider.
 

  
 

   

   If cluster creation is successful, you see the following message:
 

  
 

   

    

    Cluster 'MongoDB-in-Action' created successfully.
  

   
 

  
 

   

   The creation of the cluster may take around 5 minutes. You can verify the success of the cluster’s creation with the command
 

  
 

   

    

    atlas clusters list



ID                         NAME            MDB VER  STATE

65d71a7dc9b5633e80ae89ba MongoDB-in-Action  8.0.4   IDLE
  

   
 

  
 

   

   The visible MongoDB version is the current version at the time I wrote this book. In free clusters, you cannot choose the MongoDB version you want to install. Atlas upgrades free clusters to the newest MongoDB version after several patch versions become available for that version.
 

  
 

   

   Also, you can access the Atlas UI to check the cluster. Figure 2.1 shows the MongoDB Atlas interface highlighting the "MongoDB-in-Action" cluster, along with options for managing the deployment and its data.
 

  
 

   

   NOTE If you encounter problems while creating an Atlas cluster or if the process takes a long time, check the website https://status.mongodb.com. This website provides real-time information about the operational status of MongoDB services, including Atlas. It shows whether outages, maintenance events, or performance degradations are occurring across MongoDB services.
 

  
 

    

   [image: ] 

   
Figure 2.1 This MongoDB Atlas interface displays the active database deployment named "MongoDB-in-Action", with direct access to options such as Connect, View Monitoring, and Browse Collections. The left sidebar shows an expanded navigation menu, highlighting key sections: Database (Clusters, Backup, and Online Archive), Data (Visualization, Search & Vector Search, and Data Federation), and Services (Stream Processing). The interface also includes a Visualize Your Data prompt for exploring MongoDB charts, which allows you to build dashboards using your application data. Real-time cluster metrics, such as read/write operations and active connections, are displayed in the monitoring panel on the right. (Image © MongoDB 2025)



  
 

   

   
2.1.6 Navigating the Atlas user interface
 

  
 

   

   Atlas helps you find what you need quickly by organizing key functionality in clearly defined sections on the left side of the screen. This structure is designed to make navigation more intuitive and to help you access important features faster. Here’s a quick overview of how the main areas are grouped:
 

  
 

   

   	
Database—This section is where you’ll find all the main database tools. It includes functions such as managing clusters, checking performance, browsing data, running queries, making backups, and using Online Archive.
 

   	
Data—Here, you get tools for working with your data. You can create charts (with Atlas Charts), search using Atlas Search or Vector Search, and run queries across sources with Data Federation.
 

   	
Services—This section is for automation and processing data as it happens. It includes real-time stream processing, triggers to run actions automatically, and migration tools to move your current setup to Atlas.
 

   	
Security—Here, you can manage who has access and how your data is protected. It covers settings for projects, identity and access management (IAM), audit logs, and extra security features.
 

  
 

   

   
2.2 Loading a sample data set
 

  
 

   

   Import a sample data set into the new cluster named "MongoDB-in-Action". The sample data set is readily available in MongoDB Atlas for use. To execute the import, run the following Atlas CLI command:
 

  
 

   

    

    atlas clusters sampleData load "MongoDB-in-Action"
  

   
 

  
 

   

   In a few minutes, the command to load the sample data initiates a job that creates test databases and populates them with documents in their collections. This data will serve as the basis for the exercises. To check out these new databases, navigate to the Atlas UI, and click the cluster name "MongoDB-in-Action"; in the left panel, select Data Explorer. Figure 2.2 shows the sample data set.
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Figure 2.2 This MongoDB Atlas UI displays the listingsAndReviews collection within the sample_airbnb database, following the loading of the sample data set. The right panel shows key details such as storage size, logical data size, total documents, and index count. On the left, the navigation panel is expanded, showing options including Overview, Data Explorer, Real Time, Cluster Metrics, and Query Insights, enabling you to explore, monitor, and manage your cluster in depth. (Image © MongoDB 2025)



  
 

   

   
2.3 Adding an IP address to the project access list
 

  
 

   

   It is essential to add your current IP address to the Atlas project access list to enable communication with the cluster using mongosh. Do that using this command:
 

  
 

   

    

    atlas accessList create --currentIp
  

   
 

  
 

   

   After adding your IP address to the Atlas access list, you see the following response:
 

  
 

   

    

    Created new IP access list.
  

   
 

  
 

   

   This command adds your current IP address to the Atlas access list. You can also use the Network Access page in the Atlas UI to manage and configure this setting.
 

  
 

   

   If you want to display the IP addresses added to the Atlas project access list, use the following command:
 

  
 

   

    

    atlas accessList list
  

   
 

  
 

   

   This command displays the IP addresses that have been added to the Atlas project access list.
 

  
 

   

   
2.4 Creating a user
 

  
 

   

   It’s time to create the first user in the MongoDB database, who will be named manning. Atlas has authentication enabled by default to ensure secure access. When creating this user, I will assign them the atlasAdmin role. This role grants the user administrative privileges on all databases on the server, allowing them to perform any administrative action, such as managing other users and roles and executing any commands across databases. You can learn more about the roles and their permissions in chapter 20. Run the following command using the Atlas CLI:
 

  
 

   

    

    atlas dbusers create --role atlasAdmin --username manning



? Password: ************

Database user 'manning' successfully created.
  

   
 

  
 

   

   Now you can check whether the user has been created via the Atlas CLI:
 

  
 

   

    

    atlas dbusers list



USERNAME   DATABASE

manning    admin
  

   
 

  
 

   

   This command displays the user and the admin database where the user was created.
 

  
 

   

   TIP To enhance security, employ the principle of least privilege by assigning specific roles that grant only the necessary permissions for each task. This approach minimizes security risks and prevents unauthorized actions. In MongoDB Atlas, customize user roles instead of assigning broad administrative privileges like atlasAdmin for all users.
 

  
 

   

   
2.5 Establishing a connection to MongoDB through MongoDB Shell
 

  
 

   

   In subsequent steps, you’ll need mongosh, the MongoDB shell. It is a Read-Eval-Print Loop (REPL) environment built on JavaScript and Node.js, created for engaging with MongoDB deployments on Atlas, on-premises, or on any other remote host. mongosh facilitates the testing of queries and direct interaction with your MongoDB database’s data. You can install mongosh using a single simple brew command:
 

  
 

   

    

    brew install mongosh
  

   
 

  
 

   

   If you prefer an alternative method, you can download mongosh directly from the MongoDB official website at https://www.mongodb.com/try/download/shell. This page provides the latest version of mongosh for Windows, Linux, and macOS.
 

  
 

   

   After installing, you can verify the installation of mongosh by checking its version. Enter the following command in your terminal:
 

  
 

   

    

    mongosh --version
  

   
 

  
 

   

   Next, for database use and connection to the new cluster with mongosh, obtain the connection string from the Atlas CLI:
 

  
 

   

    

    atlas clusters connectionStrings describe \

"MongoDB-in-Action"
  

   
 

  
 

   

   After executing the command, you will see your connection string. Mine looked like this:
 

  
 

   

    

    STANDARD CONNECTION STRING

mongodb+srv://mongodb-in-action.fpomkk.mongodb.net
  

   
 

  
 

   

   NOTE Your connection string will be different. Copy your connection string from the console before moving on.
 

  
 

   

   With your connection string, connect to the MongoDB cluster using the mongosh command. The command uses the manning database user created in section 2.4. After entering the command, you’re prompted to input the password to secure the connection; see listing 2.1.
 

  
 

   

   TIP An atlas setup option automates the creation and authentication of your Atlas account, sets up one free database, loads sample data, adds your IP address to your project’s IP access list, creates a MongoDB user, and allows you to view your connection string. I recommend that you execute these operations step by step to understand how the process works before going the automatic route.
 

  
 

   

   Listing 2.1 Connecting to a MongoDB deployment with mongosh 
 

    

    mongosh "mongodb+srv://mongodb-in-action.fpomkk.mongodb.net" \

--apiVersion 1 --username 'manning'

Enter password: ************
  

   
 

  
 

   

   After logging in to the MongoDB Atlas cluster using mongosh, use the command show dbs to display the databases created during the loading of the sample data set:
 

  
 

   

    

    [primary] test> show dbs

sample_airbnb        52.77 MiB

sample_analytics      9.63 MiB

sample_geospatial     1.24 MiB

sample_guides        40.00 KiB

sample_mflix        114.69 MiB

sample_restaurants    8.03 MiB

sample_supplies       1.07 MiB

sample_training      50.58 MiB

sample_weatherdata    2.63 MiB

admin               336.00 KiB

local                 5.71 GiB

[primary] test>
  

   
 

  
 

   

   TIP If you’re unsure about the Atlas CLI command you want to execute, use atlas --help. It displays all the possible options. 
 

  
 

   

   Table 2.1 briefly describes the new databases.
 

  
 

   

   Table 2.1 Description of databases
 

   

        

            	Database

            	Description

        


        

            	sample_airbnb


            	Contains details on Airbnb listings


        


        

            	sample_analytics


            	Contains training data for a mock financial services application


        


        

            	sample_geospatial


            	Contains shipwreck data


        


        

            	sample_guides


            	Contains planetary data


        


        

            	sample_mflix


            	Contains movie data


        


        

            	sample_restaurants


            	Contains restaurant data


        


        

            	sample_supplies


            	Contains data from a mock office-supplies store


        


        

            	sample_training


            	Contains a MongoDB training services data set


        


        

            	sample_weatherdata


            	Contains detailed weather reports


        


    


  
 

   

   
2.6 Managing data with databases, collections, and documents
 

  
 

   

   MongoDB structures data into a hierarchy consisting of three levels. At the highest level, we have databases. Inside databases are collections, which hold documents. Documents contain different types of data: strings, numbers, and dates, as well as other documents nested within them. By contrast, relational databases have databases, which contain tables. Tables hold rows, and these rows are made up of columns that store various types of data. Figure 2.3 illustrates how MongoDB structures data in a hierarchy and compares it with relational database structures.
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   Figure 2.3 The terminology differences between relational databases and MongoDB (Image © MongoDB 2024 CC BY-NC-SA 3.0)


  
 

   

   
2.6.1 Working with dynamic schema
 

  
 

   

   MongoDB’s dynamic schema approach offers a flexible way to store data, allowing the structure of documents within a collection to evolve. Unlike traditional relational databases that require predefined schemas before data insertion, MongoDB adapts to data’s natural diversity. This flexibility facilitates rapid development and iteration, as changes to the data model do not necessitate a restructuring of existing data. It’s particularly beneficial for applications dealing with heterogeneous data types or rapidly evolving data sets. Both of the following documents, for example, could be stored in a single collection:
 

  
 

   

    

    { "title": "MongoDB 8.0 in Action" }

{ "name": "MongoDB 8.0 in Action" }
  

   
 

  
 

   

   Storing dissimilar documents in the same MongoDB collection, however, can lead to several technical challenges and inefficiencies:
 

  
 

   

   	Queries on collections with heterogeneous document structures can be slower because MongoDB has to scan a wider variety of document shapes, making index use less efficient. When documents are homogenous within a collection, MongoDB can optimize query execution and index use, leading to significantly faster query response times.
 

   	MongoDB allows for schema validation at the collection level. If a collection contains various types of documents, applying comprehensive validation rules becomes complex or impossible.
 

   	Handling diverse document structures within a single collection complicates application logic. The application must constantly discriminate between document types, leading to convoluted code and increasing the likelihood of bugs.
 

   	Aggregation pipelines that operate on collections with mixed document types can become unnecessarily complex, as they may require additional stages to filter and process different document shapes.
 

  
 

   

   To avoid these problems, best practices suggest taking the following actions:
 

  
 

   

   	
Separate documents by type. Store documents with similar structures in the same collection. This approach aligns with MongoDB’s design philosophy, optimizing performance and simplifying database and application design.
 

   	
Consider the document structure carefully during the schema design phase. Designing documents with future queries in mind can help you choose how to split documents into collections.
 

   	
Use MongoDB’s schema validation features at the collection level to ensure data integrity and consistency. This approach is more straightforward when each collection contains only one type of document.
 

   	
Periodically review the database schema, and refactor collections as necessary. This may involve migrating documents to new collections as the application evolves and requirements change.
 

  
 

   

   
2.6.2 Working with databases
 

  
 

   

   In MongoDB, databases hold collections of documents. When you first save data for a database in MongoDB, it automatically creates the database if it doesn’t already exist.
 

  
 

   

   To select a database to use or create, in mongosh, issue the use <db> statement. The use command changes the current database context represented by the global variable db. By default, db is set to the test database when you start mongosh, as in this example:
 

  
 

   

    

    use booksData

db.books.insertOne({"title": "MongoDB 8.0 in Action"})
  

   
 

  
 

   

   The use booksData command sets the current database context to booksData, allowing you to interact with collections in this database. The insertOne() operation creates the database booksData and the collection books if they do not already exist. 
 

  
 

   

   You must observe some database naming restrictions:
 

  
 

   

   	Database names are case-sensitive in MongoDB. An additional restriction is that case cannot be the only difference between database names. You can’t use two databases with names like booksData and BooksData, for example.
 

   	For MongoDB deployments running in Windows, database names cannot contain any of the following characters:
 

  
 

   

    

    /\. "$*<>:|?
  

   
 

  
 

   

   	For MongoDB deployments running on UNIX and Linux systems, database names cannot contain any of the following characters:
 

  
 

   

    

    /\. "$
  

   
 

  
 

   

   	Database names cannot contain the null character.
 

   	Database names cannot be empty and must have fewer than 64 characters.
 

  
 

   

   Some databases are created during the cluster creation process and are reserved for MongoDB’s internal use. These databases include
 

  
 

   

   	
admin—The primary function of the admin database is to house system collections along with user authentication and authorization information. This encompasses administrator and user credentials, such as usernames, passwords, and roles. Access is granted exclusively to administrators, who possess the authority to create, update, and delete user accounts and assign roles.
 

   	
local—Each instance of mongod, the MongoDB server process, maintains a unique local database containing data essential for replication and other data specific to that instance. The local database is not subject to replication, meaning that its collections are not replicated across instances.
 

   	
config—The config database is primarily used internally; it contains session information and in-progress index build metadata. In sharded clusters, it stores information about each shard.
 

  
 

   

   
2.6.3 Working with collections
 

  
 

   

   Collections are analogous to tables in relational databases. If a collection does not exist, MongoDB creates the collection when you first store data for that collection (as with a database). The insertOne() and createIndex() operations create their respective collection. 
 

  
 

   

   MongoDB offers the db.createCollection() method for explicitly creating a collection with different options, such as capped or time-series, defining the maximum size or document validation rules. If these options are not specified, you don’t need to create the collection manually; MongoDB automatically generates new collections upon initial data storage for those collections.
 

  
 

   

   Collection names must start with either an underscore or a letter. They cannot
 

  
 

   

   	Start with the system prefix, which is reserved for internal purposes
 

   	Contain the null character
 

   	Contain the $. or be an empty string (such as "")
 

  
 

   

   If the collection name contains special characters, such as underscores, you need to use the db.getCollection() method to access the collection in mongosh.
 

  
 

   

   Let’s log in to the MongoDB deployment using mongosh in the Atlas cluster, look at the collections created there, and examine some available collection methods. The following listing shows methods that can be useful for working with MongoDB deployments.
 

  
 

   

   Listing 2.2 Connecting to a MongoDB deployment and inspecting collections 
 

    

    mongosh "mongodb+srv://mongodb-in-action.fpomkk.mongodb.net" \  

--apiVersion 1 --username 'manning'

Enter password: ************
  

   
 

  
 

   

   Switch to the sample_mflix database using the use method, and list the collections present in this database using the db.getCollectionNames() method:
 

  
 

   

    

    [primary] test> use sample_mflix

switched to db sample_mflix

[primary] sample_mflix> db.getCollectionNames()

[

  'sessions',

  'theaters',

  'embedded_movies',

  'comments',

  'users',

  'movies'

]

 [primary] sample_mflix>
  

   
 

  
 

   

   As an alternative, to display the collections from the database, use the command show collections. To display more detailed information about a collection, use db.getCollectionInfos(). This method shows the options that were set during the creation of the collection, information about permissions, and current indexes:
 

  
 

   

    

    db.getCollectionInfos({name: 'sessions'})

[

  {

    name: 'sessions',

    type: 'collection',

    options: {},

    info: {

      readOnly: false,

      uuid: UUID(‚0fe0efd9-4e07-4808-a0f1-c11478f9da56')

    },

    idIndex: { v: 2, key: { _id: 1 }, name: '_id_' }

  }

]
  

   
 

  
 

   

   There is also a namespace, which is a combination of the database name and the collection name, separated by a dot. If you have a database named sample_mflix and a collection within it named embedded_movies, the namespace for this collection would be sample_mflix.embedded_movies. Namespaces uniquely identify collections within the MongoDB environment. MongoDB limits a namespace to 255 bytes.
 

  
 

   

   We can display the collection embedded_movies namespace using the db.get­Collection() method, as seen in the following listing.
 

  
 

   

   Listing 2.3 Displaying a namespace
 

    

    [primary] sample_mflix> db.getCollection("embedded_movies")

sample_mflix.embedded_movies

[primary] sample_mflix>
  

   
 

  
 

   

   Capped collections
 

  
 

   

   Capped collections in MongoDB are collections of a fixed size (the number of documents can also be capped) that facilitate operations with high throughput for inserting and retrieving documents according to the order of insertion. They operate similarly to circular buffers: when a capped collection reaches its size limit, it accommodates new documents by replacing the oldest documents within the collection. Capped collections ensure the maintenance of insertion order, eliminating the need for an index to retrieve documents in the order in which they were added. This reduction in indexing overhead enables capped collections to achieve greater efficiency in insertion operations.
 

  
 

   

   Capped collections can be useful for tasks such as these:
 

  
 

   

   	
Storing log data from high-volume systems—Writing to a capped collection without indexes is nearly as fast as logging directly to a filesystem. The natural first-in-first-out (FIFO) feature of capped collections keeps events in sequence and manages storage efficiently.
 

   	
Caching small amounts of data—Caches are read-heavy, so aim to keep them in RAM or accept a minor slowdown for necessary indexing. Because the most recent data is often the most relevant, the natural ordering of capped collections (FIFO) aligns well with cache use.
 

  
 

   

   Capped collections have limitations, however:
 

  
 

   

   	 They have a fixed size, so older documents are overwritten when the limit is reached, which can be problematic if historical data is still needed for reference or compliance.
 

   	Individual documents cannot be deleted, and updates that change a document’s size are not allowed.
 

   	They don’t support complex queries or secondary indexes, making them less flexible for certain use cases.
 

  
 

   

   You can create a capped collection using the db.createCollection() method and setting the option capped: true.
 

  
 

   

   TIP As an alternative to capped collections, consider MongoDB’s time-to-live (TTL) indexes, described in chapter 7. These indexes allow you to expire and remove data from normal collections based on the value of a date-typed field and a TTL value for the index. TTL indexes are not compatible with capped collections.
 

  
 

   

   Time-series collections
 

  
 

   

   Time-series collections are specialized collections designed to efficiently store and manage time-series data, which is data recorded at regular intervals, with each entry associated with a specific timestamp. This type of data is common in scenarios such as sensor readings, stock prices, server logs, and application performance metrics, where the time dimension is crucial for analysis. Storing time-series data in time-series collections, as opposed to regular collections, enhances query performance and decreases disk space use for the time-series data and its secondary indexes.
 

  
 

   

   Time-series collections store data in time order by grouping related data points in buckets based on time intervals and metadata. Data points are stored together in Binary JSON (BSON) format, with multiple readings combined into a single document. This approach reduces disk use, improves query performance, decreases I/O for reading operations, and simplifies the handling of time-based data. Although nested documents can be used, this structure is most efficient with simple, flat data models.
 

  
 

   

   Time-series data consists of data points arranged in a sequence, where understanding comes from observing variations over time. Typically, time-series data includes the following elements:
 

  
 

   

   	
Time when the data point was recorded
 

   	
Metadata that acts as a unique label or identifier for a series and rarely changes
 

   	
Measurements that are the data points monitored over time intervals (typically, key-value pairs that vary with time)
 

  
 

   

   When you examine weather data, for example, you can identify the measurement as temperature, with the metadata being the sensor identifier and location. Another example is analyzing financial transactions, where the measurement might be the transaction amount and the metadata could include account identifiers.
 

  
 

   

   To create a time-series collection, use the db.createCollection() method with the options described in the next listing.
 

  
 

   

   Listing 2.4 Creating a time-series collection
 

    

    db.createCollection(

"my_time_series_collection",

{

  timeseries: {

  timeField: "timestamp",

  metaField: "metadata"

}})
  

   
 

  
 

   

   To find all time-series collections in a database, use the listCollections command, and apply a filter { type: "timeseries" }.
 

  
 

   

   Listing 2.5 Listing time-series collections in a database
 

    

    db.runCommand( {

   listCollections: 1,

   filter: { type: "timeseries" }

} )
  

   
 

  
 

   

   Views
 

  
 

   

   A MongoDB view is a queryable, read-only entity defined through an aggregation pipeline (described in chapter 6) applied to other collections or views. MongoDB doesn’t store the contents of a view on disk. Instead, the content of a view is generated dynamically upon query by a client. Here are some example use cases:
 

  
 

   

   	You can create queryable entities that show only specific fields, hiding sensitive information from certain users or applications. This helps enforce security by limiting the exposure of sensitive data.
 

   	You can simplify complex data structures by presenting only relevant information, allowing users to work with a more concise and understandable representation of the underlying collection.
 

   	You can encapsulate frequently used complex queries, enabling consistent and simplified access to data without requiring users to write the same aggregation logic repeatedly. 
 

   	You can combine information from multiple collections into a unified result without physically merging the data, allowing easy integration of data from different sources for analytical purposes.
 

  
 

   

   To create a view, use the db.createView() method with the options described in this listing.
 

  
 

   

   Listing 2.6 Creating a MongoDB view
 

    

    use sample_training

db.createView(

    "aerocondorRoutesView",       // Name of the view

    "routes",                      // Source collection

    [

        {

            $match: { "airline.id": 410 } // Filter to include only routes

 operated by Aerocondor

        }

    ]

)
  

   
 

  
 

   

   Listing 2.6 shows how to create a view that displays routes operated by Aerocondor using the db.createView() method. This method defines a new view named aerocondor­RoutesView based on the routes collection from the sample_training database. The view uses a single stage in the aggregation pipeline—specifically, a $match stage that filters the documents to include only those in which the airline’s ID is 410, which corresponds to Aerocondor. As a result, when you query the aerocondorRoutesView, you retrieve all fields from the original documents that meet this condition, providing a convenient way to access routes operated by Aerocondor without altering the underlying data.
 

  
 

   

   To see full details on each route operated by Aerocondor in the collection, you can use the query db.aerocondorRoutesView.find().
 

  
 

   

   On-demand materialized views
 

  
 

   

   An on-demand materialized view is a stored result of a precalculated MongoDB aggregation pipeline (using the $merge or $out stages, described in chapter 6), which is saved to and accessed from the disk. Both view types—standard and on-demand materialized view—return the result from an aggregation pipeline. On-demand materialized views offer improved read performance over regular views because they are retrieved from disk rather than calculated during the query. The performance advantage grows with the complexity of the aggregation pipeline and the volume of data aggregated. But on-demand materialized views do not update automatically and require manual refreshing to reflect changes in the underlying data. You do this by rerunning the aggregation pipeline, which writes the updated results back into the collection, allowing the view to be refreshed with the most current data.
 

  
 

   

   
2.6.4 Working with documents
 

  
 

   

   MongoDB stores records as documents in BSON format, which is an extension of JSON that includes additional data types. These documents are grouped in collections. The maximum BSON document size is 16 MB. The maximum document size serves to prevent a single document from consuming an excessive amount of RAM or bandwidth during transmission. Documents can accommodate various data types, such as strings, numbers, arrays, arrays of documents, and nested documents. This flexibility allows the storage of diverse information within a single document, making MongoDB suitable for handling complex data models. Additionally, documents can include fields with different data types, enabling the representation of rich and hierarchical data structures.
 

  
 

   

   MongoDB documents are composed of field-and-value pairs. The value of a field can be any of the BSON data types. To understand it better, let’s examine an example document from our data set. The following listing shows how to display a single document using the findOne() method from the grades collection in the sample_training database.
 

  
 

   

   Listing 2.7 Displaying a single MongoDB document using findOne()

 

    

    [primary] sample_training> use sample_training

already on db sample_training



[primary] sample_training> db.grades.findOne()



{

  _id: ObjectId('56d5f7eb604eb380b0d8d8ce'),

  student_id: 0,

  scores: [

    { type: 'exam', score: 78.40446309504266 },

    { type: 'quiz', score: 73.36224783231339 },

    { type: 'homework', score: 46.980982486720535 },

    { type: 'homework', score: 76.67556138656222 }

  ],

  class_id: 339

}



[primary] sample_training>
  

   
 

  
 

   

   This document represents a student’s academic record and contains the following fields and corresponding values: 
 

  
 

   

   	
_id—The unique _id field acts as a primary key. This field holds the value ObjectId­('56d5f7eb604eb380b0d8d8ce'), which is a unique identifier generated by MongoDB. It consists of a 4-byte timestamp indicating the creation time, a 5-byte random value unique to the machine and process, and a 3-byte incrementing counter. MongoDB uses ObjectIds as the default value for the _id field if the _id field is not specified. If a document doesn’t have an _id field at the top level, for example, MongoDB’s driver includes one automatically, using an ObjectId. Similarly, when the mongod server receives a document for insertion without an _id field, it adds one with an ObjectId value.
 

   	
student_id—This field is set to 0, the student’s identification number.
 

   	
scores—This field is an array containing objects that represent different types of assessments, such as exams, quizzes, and homework. Each object within the array has two fields: type, indicating the type of assessment, and score, representing the numerical score achieved by the student.
 

   	
class_id—This field is set to 339, the identifier of the class.
 

  
 

   

   Documents have the following restrictions on field names:
 

  
 

   

   	The _id field is designated for use as a primary key. Its value must be unique within the collection, cannot be changed (is immutable), and can be of any type except an array. If the _id field includes subfields, those subfield names cannot start with the $ symbol.
 

   	Field names cannot contain the null character.
 

  
 

   

   Summary
 

  
 

   

   	The Atlas CLI is an essential tool for setting up and managing MongoDB Atlas, streamlining the process of creating organizations, projects, and clusters. It offers a comprehensive range of commands for seamless database deployment, user management, security configuration, and maintenance.
 

   	To enhance security, assign users in MongoDB specific roles that grant only the permissions necessary for their tasks, applying the principle of least privilege. This strategy minimizes security risks and prevents unauthorized actions.
 

   	Sample data loading is streamlined via the Atlas CLI, enabling preparation for practical exercises within the Atlas ecosystem.
 

   	An Atlas organization acts as a top-level container that manages multiple projects under one umbrella, serving as the primary account level. Each project within the organization can contain individual deployments—instances of your database environment, including servers, storage, and configuration settings.
 

   	The MongoDB shell (mongosh) is a powerful interface for direct database interactions, offering a range of functionalities from basic commands to scripting.
 

   	MongoDB organizes data in a three-level hierarchy: databases contain collections, which in turn hold documents featuring various data types, including nested documents. By contrast, relational databases structure data into databases, tables, rows, and columns.
 

   	MongoDB’s dynamic schema approach allows document structures within collections to evolve, unlike traditional relational databases, which need predefined schemas. This flexibility supports rapid development by accommodating changes without restructuring existing data, making it ideal for handling diverse and rapidly evolving data sets.
 

   	MongoDB’s capped collections are fixed-size and operate like circular buffers. They ensure high-throughput insertion and retrieval by overwriting the oldest documents when the size limit is reached.
 

   	MongoDB offers time-series collections for storing time-series data efficiently. These collections enhance query performance and reduce disk space use by structuring writes to store data points from the same period close together.
 

   	A MongoDB view is a read-only entity that is queryable and defined by an aggregation pipeline applied to collections or other views. Unlike stored data, the contents of a view are generated dynamically from underlying data only when queried by a client and are not stored on disk. 
 

   	An on-demand materialized view in MongoDB is a precalculated aggregation pipeline result stored on disk. It improves read performance by allowing data retrieval from disk rather than calculating it during each query, unlike standard views.
 

   	MongoDB stores records as documents in BSON format, an extension of JSON that supports additional data types. These documents are grouped in collections, with each document having a maximum size of 16 MB.
 

  


 

   

   
3 Communicating with MongoDB

 

  
 

   

   This chapter covers
 

    

    	Getting an overview of the MongoDB Wire Protocol
 

    	
Customizing MongoDB Shell 
 

    	Introducing MongoDB Compass GUI
 

    	Connecting to the MongoDB database using the Node.js driver
 

    	Communicating with MongoDB using the Python driver
 

    	Querying MongoDB with Ruby drivers
 

   
 

  
 

   

   In this chapter, I delve into the fundamentals of interacting with MongoDB through the MongoDB Wire Protocol. I show you how to customize the MongoDB Shell (mongosh) for your development needs and introduce MongoDB Compass, a user-friendly graphical user interface (GUI). Finally, I demonstrate how to connect your applications to MongoDB using Node.js, Python, and Ruby drivers (widely used with MongoDB). By understanding these connectivity methods, you’ll be better equipped to build reliable, efficient applications that communicate seamlessly with your database regardless of the tech stack. 
 

  
 

   

   
3.1 Interacting via MongoDB Wire Protocol
 

  
 

   

   MongoDB communication relies on the MongoDB Wire Protocol, the backbone for data exchange between MongoDB clients and servers. This protocol operates via a simple request–response mechanism over sockets, facilitating seamless interaction between clients and the database server. It specifies byte ordering in little-endian format: the least significant byte is stored first, ensuring efficient communication over the standard Transmission Control Protocol/Internet Protocol (TCP/IP) socket. TCP/IP is the fundamental set of protocols governing the internet, allowing multiple computer networks to interact. MongoDB typically uses port 27017 for these communications.
 

  
 

   

   By employing the OP_MSG opcode, MongoDB enhances communication between clients and the database through a more flexible, structured data exchange mechanism. The OP_MSG opcode, which is part of the MongoDB Wire Protocol, is an extensible message format designed to encode client requests and server replies. This opcode enables the structuring of data into multiple sections within a single message, facilitating the concurrent processing of diverse data types and requests. This design reduces the computational and temporal overhead associated with processing separate messages, and by integrating multiple operations into a single message format, it effectively minimizes protocol overhead and maximizes throughput—particularly advantageous in environments experiencing high operational loads. The OP_MSG message structure is configured as follows:
 

  
 

   

    

    OP_MSG {

    MsgHeader header;           // standard message header

    uint32 flagBits;            // message flags

    Sections[] sections;        // data sections

    optional<uint32> checksum;  // optional CRC-32C checksum

}
  

   
 

  
 

   

   The OP_MSG structure consists of a MsgHeader header, which serves as the standard message header, followed by uint32 flagBits, an integer bitmask containing various message flags that modify message behavior. It also includes Sections, which are the main data sections of the message, and an optional uint32 checksum, a CRC-32C checksum for verifying the integrity of the message during transmission.
 

  
 

   

   
3.2 Discovering mongosh
 

  
 

   

   For manual interactions with MongoDB, mongosh is the default client. It enables connections and communication using the MongoDB Wire Protocol over TCP/IP and presents the results (typically in a textual JSON format). mongosh operates as a Java­Script and Node.js Read-Eval-Print Loop (REPL) environment, an interactive console tailored for interactions with MongoDB deployments. This means that the entire Node.js API is available within mongosh. The key features of mongosh include
 

  
 

   

   	
Syntax highlighting—Makes input/output easy to read with color codes
 

   	
Error messages—Provide clear messages to help pinpoint problems in your code
 

   	
Intelligent autocomplete—Suggests commands/operators as you type
 

   	
Contextual help—Lets you access online documentation for mongosh commands
 

   	
Scripting—Enables scripting within an environment built on Node.js REPL
 

   	
Snippets—Allow you to save commonly used scripts for reuse and sharing
 

  
 

   

   
3.2.1 Connecting to MongoDB Atlas
 

  
 

   

   To initiate a connection with the MongoDB Atlas cluster you created in chapter 2, use the mongosh command with your Service Record (SRV) connection string, credentials, and any additional options necessary for connection setup. The SRV connection string, identified by the prefix mongodb+srv:// (as opposed to the simpler mongodb://), is designed to simplify and shorten the connection string. It’s used by all MongoDB Atlas connection strings for its ability to discover servers within a MongoDB replica set or sharded cluster automatically, eliminating the need to specify individual server addresses manually. Here’s how you might structure your command:
 

  
 

   

    

    mongosh "mongodb+srv://YOUR_CLUSTER.YOUR_HASH.mongodb.net/" \

--apiVersion API_VERSION --username USERNAME –-password PASSWD
  

   
 

  
 

   

   By executing this command, you establish a connection to your MongoDB Atlas deployment. Specifying --apiVersion with the appropriate version (currently, 1 is the only supported version) guarantees that you use the MongoDB Stable API (chapter 4). This API lets you upgrade your MongoDB server at will and ensures that behavior changes between MongoDB versions do not break your application. The Stable API guarantees application stability, facilitating regular updates and seamless upgrades, allowing quick adoption of new features without backward-compatibility problems.
 

  
 

   

   
3.2.2 Connecting to self-hosted deployments
 

  
 

   

   You can also use mongosh to establish connections to self-hosted MongoDB deployments, whether they are hosted locally or on remote servers, enabling access to your data wherever it is hosted. For deployments that demand authentication, use the --username, --password, and --authenticationDatabase options:
 

  
 

   

    

    mongosh "mongodb://mongodb1.example.com:27017" --username book \

--password my_password --authenticationDatabase admin
  

   
 

  
 

   

   
3.2.3 Performing operations
 

  
 

   

   After you connect and authenticate to the database, you can begin performing operations. To display the database you are using, type db:
 

  
 

   

    

    > db

test

>
  

   
 

  
 

   

   The default database, test, is returned:
 

  
 

   

    

    To display the list of databases, type show dbs.

To change databases, use the use <db>

helper command:

> show dbs

admin                     30.41 MiB

config                   404.00 KiB

local                     42.81 MiB

> use admin

switched to db admin

>
  

   
 

  
 

   

   The database changes from test to admin.
 

  
 

   

   TIP To access a different database without changing your current database context, include the db.getSiblingDB() method. 
 

  
 

   

   Type the help command when you need help. The following listing shows some of the available commands in the mongosh console.
 

  
 

   

   Listing 3.1 A snippet of help-command output
 

    

    test> help

  Shell Help:

 use   Set current database

 show  'show databases'/'show dbs': Print a list of 

all available databases.

       'show collections'/'show tables': Print a list of

 all collections for current database.

       'show profile': Prints system.profile information.

       'show users': Print a list of all users for current database.

       'show roles': Print a list of all roles for current database.

       'show log <type>': log for current connection,

 if type is not set uses 'global'

       'show logs': Print all logs.

... ...

 exit     Quit the MongoDB shell with exit/exit()/.exit

 quit     Quit the MongoDB shell with quit/quit()

... ...

 For more information on usage:

➥ https://docs.mongodb.com/manual/reference/method

test>
  

   
 

  
 

   

   TIP mongosh supports tab completion, which helps you find commands easily. Typing db.[tab][tab] shows commands for the db object, and db.book.[tab][tab] lists commands for collection objects. 
 

  
 

   

    

    Database methods
 

   
 

    

    To see the list of database methods you can use on the db object, run db.help(); for collection-level assistance, use db.collection.help(). If you need more information about a particular collection-level method in mongosh, type db.<collection>.<method name>, omitting the parentheses (). db.collection.countDocuments, for example, returns this information: 
 

   
 

    

     

     [Function: countDocuments] AsyncFunction {

apiVersions: [ 1, Infinity ],

serverVersions: [ '4.0.3', '999.999.999' ],

returnsPromise: true,

topologies: [ 'ReplSet', 'Sharded', 'LoadBalanced', 'Standalone' ],

returnType: { type: 'unknown', attributes: {} },

deprecated: false,

platforms: [ 'Compass', 'Browser', 'CLI' ], isDirectShellCommand: false,

acceptsRawInput: false,

shellCommandCompleter: undefined,

help: [Function (anonymous)] Help }
  

    
 

   
 

  
 

   

   
3.2.4 Viewing mongosh logs
 

  
 

   

   mongosh uses Newline Delimited JSON (NDJSON) to keep records of session logs. From version 1.0.5 of mongosh onward, the logging format of the mongosh has been revised to align with the log format used by the MongoDB server. mongosh redacts credentials from both the command history and the logs. Reviewing mongosh logs is vital for diagnosing problems and understanding command usage patterns within the mongosh environment. These logs help identify problematic queries and operational anomalies.
 

  
 

   

   mongosh stores the log of each session in the .mongodb/mongosh directory of your user profile. You can find the logs at ~/.mongodb/mongosh/<LogID>_log.
 

  
 

   

   mongosh saves a history of all commands you’ve executed across sessions. When a new command is issued, it is appended to the start of the log file. You can find the commands at
 

  
 

   

   	
macOS and Linux—~/.mongodb/mongosh/mongosh_repl_history

 

   	 Windows—%UserProfile%/.mongodb/mongosh/mongosh_repl_history

 

  
 

   

   mongosh keeps up to 100 log files for 30 days and then automatically deletes log files older than 30 days.
 

  
 

   

   
3.2.5 Running scripts in mongosh
 

  
 

   

   In mongosh, you can develop scripts in JavaScript for data modification or administrative purposes and package these scripts as snippets for simple distribution and management. You can run a .js file within mongosh using the load() method. Furthermore, the require() function allows the inclusion of built-in Node.js modules or external npm modules, enhancing your script’s functionality. The require() and load() methods have different behaviors and availability:
 

  
 

   

   	The require() method is used for including modules and is available in Node.js scripts, supporting modularity by allowing the inclusion of local, built-in, or external npm modules. require() uses the standard Node.js module resolution algorithm, starting from the current working directory of the shell.
 

   	The load() method is specific to mongosh for executing JavaScript files directly. The load() takes an absolute path or a relative path.
 

  
 

   

   Construct a script that, when run within mongosh through the load command, retrieves the server’s uptime and the current number of open connections from a MongoDB database. This script uses the Day.js library to format the uptime into a more straightforward representation. Save the script as mongodb-script.js.
 

  
 

   

   NOTE You must include the Day.js library because it uses the require statement at the beginning of the script. You can install Day.js on your machine using the npm install dayjs command.
 

  
 

   

   Listing 3.2 demonstrates the printMongoDBDetailsSimplified function, which retrieves and displays MongoDB server details like version, host, uptime in days, and current open connections. The function, when called, prints this information to the console.
 

  
 

   

   Listing 3.2 Displaying the MongoDB server information function
 

    

    function printMongoDBDetailsSimplified() {

  const dayjs = require('dayjs'); // #1

  const relativeTime = require('dayjs/plugin/relativeTime');

➥// #2

  dayjs.extend(relativeTime); // #3



  try {

    const adminDB = db.getSiblingDB('admin'); // #4

    const serverStatus = adminDB.serverStatus(); // #5

    console.log("MongoDB Version:", serverStatus.version);

➥// #6

    console.log("Host:", serverStatus.host); // #7

    console.log("Uptime:", dayjs().subtract(serverStatus.uptime,

➥ "second").fromNow(true)); // // #8

    console.log("Currently open connections:",

➥ serverStatus.connections.current); // #9

  } catch (err) {

    console.error("Failed to retrieve status. Error:", err.message);

➥// #10

  }

}



printMongoDBDetailsSimplified();
 

     #1 Imports dayjs for handling date and time

     
#2 Imports the relativeTime plugin for human-readable time formatting

     
#3 Activates the relativeTime plugin

     
#4 Accesses the admin database

     
#5 Retrieves MongoDB server status

     
#6 Displays the MongoDB version

     
#7 Displays host information

     
#8 Shows uptime in a human-readable format using dayjs

     
#9 Displays the current number of open connections

     
#10 Handles errors if server status cannot be retrieved

     


    
 

   
 

  
 

   

   After you save this function to the mongodb-script.js file, connect to your deployment using mongosh, and execute the following command to load and run the script:
 

  
 

   

    

    load( "/scripts/mongodb-script.js" )
  

   
 

  
 

   

   The script is designed to output data from your database directly to the console. On my machine, the output looks like this:
 

  
 

   

    

    MongoDB Version: 8.0.4

Host: ac-5dhjxpf-shard-00-01.fpomkke.mongodb.net:27017

Uptime: 11 hours

Currently open connections: 5
  

   
 

  
 

   

   The script shows that the MongoDB server version is 8.0.4, it’s running on the Atlas host ac-5dhjxpf-shard-00-01.fpomkke.mongodb.net, port 27017, it has been up for 11 hours, and five connections are currently open.
 

  
 

   

   You can also use mongosh to run a script directly from the command line, bypassing the interactive shell. To indicate the script you want to execute, add the --file or -f option to the filename. If you want to run the mongodb-script.js script directly from the command line using mongosh, for example, use the following command: 
 

  
 

   

    

    mongosh "mongodb+srv://YOUR_CLUSTER.YOUR_HASH.mongodb.net/" –username

➥ USERNAME –password PASSWD --file mongodb-script.js
  

   
 

  
 

   

   This command connects to your MongoDB Atlas cluster using mongosh with the specified cluster URL, username, and password; then it automatically executes the script contained in mongodb-script.js. When you include the --file option followed by the script’s filename, the command runs the script without requiring manual input or interaction in the mongosh interactive shell, streamlining the process of script execution against your MongoDB database. This approach is particularly useful for automated tasks or batch processing. 
 

  
 

   

   
3.2.6 Configuring mongosh
 

  
 

   

   You can customize mongosh to fit your specific requirements by using the config API. It’s important to note that any changes you make through the config API are designed to be persistent, ensuring that your customizations are maintained across all subsequent sessions, thereby enhancing your user experience over time.
 

  
 

   

   To display the current configuration in mongosh, run the config command after connecting to mongosh. The following listing gives you a detailed look at the output of the config command in mongosh, showcasing the various configuration settings and parameters available.
 

  
 

   

   Listing 3.3 Default configuration settings and parameters in mongosh

 

    

    > config

Map(12) {

  'displayBatchSize' => 20,

  'maxTimeMS' => null,

  'enableTelemetry' => true,

  'editor' => null,

  'snippetIndexSourceURLs' => 'https://compass.mongodb.com

➥/mongosh/snippets-index.bson.br',

  'snippetRegistryURL' => 'https://registry.npmjs.org',

  'snippetAutoload' => true,

  'inspectCompact' => 3,

  'inspectDepth' => 6,

  'historyLength' => 1000,

  'showStackTraces' => false,

  'redactHistory' => 'remove'

}

>
  

   
 

  
 

   

   To get a clearer idea of how to customize mongosh, let’s look at a few examples. You can configure an external editor to be used with mongosh, either through the shell that initiates mongosh or directly within mongosh. To establish an editor while inside mongosh, use the config.set() command:
 

  
 

   

    

    > config.set( "editor", "vi" )

Setting "editor" has been changed

>
  

   
 

  
 

   

   This command changes the "editor" configuration to "vi . Now you can use "vi" for editing scripts or initiating commands from within mongosh. You can also modify the value of the historyLength setting to, say, 3000. Increasing historyLength in mongosh to 3000 allows you to keep a longer record of commands you’ve used, making it easier to retrieve and reuse past commands during database management and operations:
 

  
 

   

    

    test> config.set("historyLength", 3000)

Setting "historyLength" has been changed
  

   
 

  
 

   

   To verify that your changes have been applied successfully, execute config.get():
 

  
 

   

    

    test> config.get("historyLength")

3000

test>
  

   
 

  
 

   

   
3.2.7 Using .mongoshrc.js
 

  
 

   

   For more advanced configuration, you can use JavaScript to include custom functions and shell helpers in your .mongoshrc.js configuration file. Upon startup, mongosh examines your home directory for a JavaScript file named .mongoshrc.js. If it locates the file, mongosh reads the contents of .mongoshrc.js before presenting the prompt for the initial time. 
 

  
 

   

   A good use case for .mongoshrc.js is customizing the default mongosh prompt. By default, the mongosh prompt displays the name of the current database, but you can modify the prompt.
 

  
 

   

    Suppose that you want to enhance your mongosh prompt to display not just dynamic session data but also the MongoDB version and the total number of collections within the current database. Listing 3.4 illustrates how to use the JavaScript function to customize the mongosh prompt. It retrieves the MongoDB version and the number of collections in the current database. Then it constructs a string that includes server uptime, document count, MongoDB version, and collection count, separating them with vertical bars and appending a greater-than (>) sign at the end.
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