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This MongoDB sharded cluster configuration includes multiple app servers
connected to routers (mongos), which direct queries to the appropriate
shard. Three shards, each of which is a replica set, hold segments of
the data. Also, an embedded config shard contains the config servers
(along with user data), which hold the cluster’s metadata. Starting with
MongoDB 8.0, config servers can also store user data when configured
as a config shard. (Image © MongoDB 2024 CC BY-NC-SA 3.0)
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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 com-
plex 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 microshard-
ing, 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

xviii
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challenges of running self-managed MongoDB instances, particularly the complexity of
replicating collections from MongoDB to Elasticsearch to enable full-text search capa-
bilities. 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 tech-
niques 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 Al-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 data-
base schemas and optimize query performance; and engineers working with Al appli-
cations, 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 I—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.

xxii
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Chapter 3—Connecting to MongoDB using MongoDB Shell (mongosh), Com-
pass, and various programming language drivers. This chapter covers differ-
ent 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 validat-
ing 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 optimiza-
tion. You explore how to transform and analyze data using MongoDB’s power-
ful aggregation framework.

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

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

Chapter 9—Replication for high availability and horizontal scaling with shard-
ing. This chapter examines the fundamentals of data distribution and replica-
tion 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 Al-driven applications and similar-
ity search. This chapter explains how vector-based search enhances Al applica-
tions with semantic retrieval.

Chapter 13—Using the Atlas command-line interface (CLI). The CLI enables
local development and testing of Al 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 149—Building retrieval-augmented generation (RAG) Al 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.
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— 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 docu-
ments, and restore data when necessary.

— Chapter 18—Querying Atlas using SQL and integrating business-intelligence
(BI) tools. This chapter is a guide to using SQIL-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, integrat-
ing with HashiCorp Vault, and configuring encryption in transit, at rest, and
during processing. Strengthen network protection through IP access lists, vir-
tual 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, con-
figure 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 ref-
erenced 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 mate-
rials aligned with the book’s content. It serves as a hands-on companion for exploring
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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 Al-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 Man-
ning 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, Man-
ning’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 dia-
logue 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.
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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. Jo1ns, 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
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rigid schemas and limited scalability, often struggle to keep up with the pace and
diversity of these demands.

MongoDB takes a different approach. It’sa 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 difterent 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 horizon-
tally 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 foun-
dations, this part of the book gives you the tools and understanding to start strong.



Understandingthe
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 set-
ting 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
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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 geospa-
tial 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 capa-
bilities 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 Al); 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.

Examining the document-oriented data model

In modern software development, objects that encapsulate data and methods are cen-
tral, 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 intu-
itive 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 accom-
modates 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 opera-
tions. 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 abil-
ity 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
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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 com-
monly 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
mightlook like this in JavaScript:

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

This example is straightforward; most documents in MongoDB are more complex, typ-
ically containing multiple key-value pairs, arrays, and nested documents. This struc-
ture 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 opera-
tions, 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

{
voidr: 1,
"title": "MongoDB 8.0 in Action",
"publisher": "Manning Publications",
"status": "Available",
"focusAreas": [
"MongoDB Database System",
"Atlas Platform"
1,
"publicationYear": 2025,
"additionalDetails": ({
"embeddedDocument " :

"description": "A comprehensive guide to mastering
MongoDB 8.0, including working with the Atlas
Platform and learning the latest features"

}
}
}
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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 oper-
ations. 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

inAction".

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 direct-
ness and effectiveness in data manipulation. Through these examples, we see how this
query language facilitates precise data querying and updating with minimal complex-
ity. 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 explo-
ration to follow.

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.



Scaling data horizontally 7

MongoDB is optimized for scaling out, using its document-oriented model to dis-
tribute 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.

Application

Driver

Config server

ooo | mongos | | mongos | eoo

1 e |

Shard 1 Shard 2 Shard N
| Primary | | Primary |
| Secondary | | Secondary | (1)
| Secondary | | Secondary |

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 roulers)—mongos routers are responsible for distributing client
queries to the correct shards by using metadata from config servers. They sup-
port high availability and scalability through the deployment of multiple mongos
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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 consis-
tency. 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 redun-
dancy 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 config-
ure 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.

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 com-
mercial license) and MongoDB Enterprise Advanced (which offers operational and
security enhancements, including encrypted and in-memory storage engines, authen-
tication 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.
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Learning the core MongoDB server features

Here’s an outline of some essential MongoDB features, available in MongoDB Com-
munity 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 docu-
ments 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 self5joins; 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 time-
stamped data efficiently, optimizing both storage and retrieval processes for
information that changes over time, such as metrics, device data, and application
logs.

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 auto-
mation mechanisms for optimizing resources and workloads. It includes a comprehen-
sive 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.
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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 OpenAl and Hugging Face, can be indexed in
Atlas for applications like retrieval-augmented generation (RAG), recommenda-
tion 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 mongosgl, a
dialect compatible with SQIL-92 and designed for the document model.

Atlas Database Triggers—Enables the execution of serverside 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.

Your applications

Secure, global and multicloud, resilient and elastic

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)



1.4

1.5

Discovering MongoDB Query API 11

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

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.

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 oper-
ations 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 aggrega-
tion, 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 pipe-
line operators like $lookup and $unionWith.
Geospatial and graph-based queries—Handle location-based querieswith $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 prefil-
ters like seq and $gte using the $vectorSearch aggregation pipeline stage.
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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 sce-
narios, such as content management systems and real-time analytics, streamlin-
ing 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 dictionar-
ies, 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 intui-
tive, 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 bal-
ancing 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, opera-
tional 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, scal-
ing, 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.
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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, projec-
tions, 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.



Getting started with Atlas
and MongoDBdata

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, fea-
tures, 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

14
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essential because it allows us to conduct practical exercises and gain a deeper under-
standing of MongoDB concepts, providing a hands-on experience that illustrates the
platform’s capabilities and benefits in real-world applications.

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 inter-
action 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!

Installing the Atlas CLI

In this section, you’ll install the Atlas CLI using Homebrew, a versatile package man-
ager 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 reposi-
tory 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 alter-
native 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.

Creating an Atlas account

To create an Atlas account, execute the Atlas CLI command auth register in your ter-
minal. 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.


https://mng.bz/RwEn
https://www.mongodb.com/try/download/atlascli
https://www.mongodb.com/try/download/atlascli
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TIP  If your company uses federated authentication, you should use your com-
pany’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.

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 mul-
tiple 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 infor-
mation (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 '65d70b45e4d5£96£787075¢c3' 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, projectIDs, and (optionally) API keys for use
in future Atlas CLI sessions. Profiles help streamline your workflow.
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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 --projectidand --orgid flags with each Atlas CLI command that you use in
this book:

atlas config set org_id 65d70b45e4d5£96£787075c3

Updated property 'org id'

Now my Atlas Organization ID is saved as a profile. The Atlas CLI stores profiles in a con-
figuration 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).

Creating an Atlas project

Next, you’ll need to set up a project within your Atlas organization, where your deploy-
ments will be organized. In MongoDB, a deployment refers to an instance of your data-
base 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.
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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.

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 appropri-
ate 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 MO

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 avail-
able 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.


https://status.mongodb.com
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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)
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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 nav-
igation 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, run-
ning 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.

Loading a sample data set

Import a sample data set into the new cluster named "MongoDB-in-Action". The sam-
ple data set is readily available in MongoDB Atlas for use. To execute the import, run
the following Atlas CLI command:
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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
Ul and click the cluster name "MongoDB-in-Action"; in the left panel, select Data
Explorer. Figure 2.2 shows the sample data set.

Figure 2.2 This MongoDB Atlas Ul displays the 1istingsAndReviews 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
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This command displays the IP addresses that have been added to the Atlas project
access list.

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: **xkkkkkkkkkk

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.

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.


https://www.mongodb.com/try/download/shell
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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 con-
nection 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 connec-
tion; 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: ***xxxxkkkkx

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
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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

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. Doc-
uments 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.

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 par-
ticularly beneficial for applications dealing with heterogeneous data types or rapidly
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Figure 2.3 The terminology differences between relational databases and MongoDB
(Image © MongoDB 2024 CC BY-NC-SA 3.0)

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 docu-
ment 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 fil-
ter and process different document shapes.

To avoid these problems, best practices suggest taking the following actions:
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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 docu-
ments 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 con-
tains 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.

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 booksbData command sets the current database context to booksbData, 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 con-
tain any of the following characters:

AEE-E RN I

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

/\N. "8

Database names cannot contain the null character.

Database names cannot be empty and must have fewer than 64 characters.
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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 collec-
tions along with user authentication and authorization information. This encom-
passes 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 thatinstance. The local database is not subject to replication, meaning
thatits 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.

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 respec-
tive collection.

MongoDB offers the db.createCollection () method for explicitly creating a col-
lection 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: *****kkkkkkk
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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.get-
CollectionInfos (). 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-a0fl1-c11478£f9da56")

b

idIndex: { v: 2, key: { id: 1 }, name: ' id ' }

There is also a namespace, which is a combination of the database name and the col-
lection 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.get-
Collection () 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>
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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 collec-
tions 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 index-
ing 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 read-
ings, stock prices, server logs, and application performance metrics, where the time
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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 J[SON (BSON) format, with multiple readings combined into a single docu-
ment. This approach reduces disk use, improves query performance, decreases 1/0
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 understand-
ing comes from observing variations over time. Typically, time-series data includes the
following elements:

Timewhen 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"

M

To find all time-series collections in a database, use the 1listCollections command,
and apply a filter { type: "timeseries" }.

Listing 2.5 Listing time-series collections in a database

db.runCommand ( {
listCollections: 1,
filter: { type: "timeseries" }

1)
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VIEWS

A MongoDB viewis a queryable, read-only entity defined through an aggregation pipe-
line (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 dynami-
cally 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 informa-
tion, allowing users to work with a more concise and understandable representa-
tion 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 dif-
ferent 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 aerocondor-
RoutesView 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 cor-
responds 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 underly-
ing data.
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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 aggrega-
tion pipeline (using the $merge or sout stages, described in chapter 6), which is saved
to and accessed from the disk. Both view types—standard and on-demand material-
ized 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, allow-
ing the view to be refreshed with the most current data.

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 band-
width 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 docu-
ment using the £indone () method from the grades collection in the sample training
database.

Listing 2.7 Displaying a single MongoDB document using £indone ()

[primary] sample training> use sample training
already on db sample_ training

[primary] sample training> db.grades.findOne ()

{

_1d: ObjectId('56d5f7eb604eb380b0d8d8ce’),
student_id: 0,
scores: [
{ type: 'exam', score: 78.40446309504266 },
{ type: 'quiz', score: 73.36224783231339 },
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{ type: 'homework', score: 46.980982486720535 },
{ type: 'homework', score: 76.67556138656222 }

1,
class _id: 339

}

[primary] sample trainings

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('56d5f7eb604eb380b0odsdsce’), which is a unique identifier gener-
ated 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 incre-
menting 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
withoutan id field, it adds one with an object1d 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.
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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 data-
base environment, including servers, storage, and configuration settings.

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

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

MongoDB’s dynamic schema approach allows document structures within
collections to evolve, unlike traditional relational databases, which need pre-
defined 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 aggre-
gation 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.



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
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equipped to build reliable, efficient applications that communicate seamlessly with
your database regardless of the tech stack.

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 for-
mat: 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 cli-
ents 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 mes-
sage 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 com-
putational 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 environ-
ments experiencing high operational loads. The op_MSG message structure is config-
ured 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 vari-
ous 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.

Discovering mongosh

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



36

3.21

3.2.2

3.2.3

CHAPTER 3 Communicating with MongoDB

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

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, cre-
dentials, and any additional options necessary for connection setup. The SRV con-
nection 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.

Connecting to self-hosted deployments

You can also use mongosh to establish connections to self-hosted MongoDB deploy-
ments, 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://mongodbl.example.com:27017" --username book \
--password my password --authenticationDatabase admin

Performing operations

After you connect and authenticate to the database, you can begin performing opera-
tions. To display the database you are using, type db:
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> 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.
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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 infor-
mation 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 }

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 com-
mands 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.

Running scripts in mongosh

In mongosh, you can develop scripts in JavaScript for data modification or administra-
tive purposes and package these scripts as snippets for simple distribution and manage-
ment. You can run a . js file within mongosh using the load () method. Furthermore,
the require () function allows the inclusion of builtin Node.js modules or external
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npm modules, enhancing your script’s functionality. The require () and load () meth-
ods 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 resolu-
tion algorithm, starting from the current working directory of the shell.

The 1oad () 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 1oad 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 straight-
forward representation. Save the script as mongodb-script.js.

NOTE You must include the Day.js library because it uses the require state-
ment 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

Imports the
relativeTime plugin
Imports dayjs for for human-readable
handling date and time time formatting
function printMongoDBDetailsSimplified() { Activates the
const dayjs = require('dayjs'); // relativeTime
const relativeTime = require('dayjs/plugin/relativeTime') ; plugin
// -«
dayjs.extend(relativeTime); // B — Retrieves
Accesses the MongoDB
try { admin database server status
const adminDB = db.getSiblingDB('admin'); // <
const serverStatus = adminDB.serverStatus(); // Displays the
console.log("MongoDB Version:", serverStatus.version) ; MongODB
// version
console.log ("Host:", serverStatus.host); //
console.log("Uptime:", dayjs().subtract (serverStatus.uptime, Displays host
"second") .fromNow (true)); // // information
console.log ("Currently open connections:", L.
serverStatus.connections.current); // Shows uptime in a human-

} catch (err) { readable format using dayjs

Displays the current
number of open connections
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console.error ("Failed to retrieve status. Error:", err.message);

//

} Handles errors if server status
} cannot be retrieved
printMongoDBDetailsSimplified() ;

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

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

The scriptis 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 -£
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 spec-
ified 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 exe-
cution against your MongoDB database. This approach is particularly useful for auto-
mated tasks or batch processing.

Configuring mongosh

You can customize mongosh to fit your specific requirements by using the config APIL
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 subse-
quent 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
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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 ini-
tiates 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, mak-
ing 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>
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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 cus-
tomize the mongosh prompt. It retrieves the MongoDB version and the number of col-
lections in the current database. Then it constructs a string that includes server uptime,
document count, MongoDB version, and collection count, separating them with verti-
cal bars and appending a greater-than (>) sign at the end.

Listing 3.4 The JavaScript function responsible for customizing the mongosh prompt

prompt = function() ({
const version = db.version() ;
const collectionsCount = db.getCollectionNames () .length;
return "Uptime:" + db.serverStatus() .uptime +
" | Documents:" + db.stats().objects +
Version:" + version +

Collections:" + collectionsCount +

|
|
LU

}i

Enter this function into your .mongoshrc.js file, and then launch mongosh. In my
database, the new prompt looks like this:

Uptime:122765 | Documents:1843009 | Version:8.0.4 | Collections:218 >

In your .mongoshrc.js file, you can also include scripts that automate your work,
making your mongosh sessions more efficient. If you often work with a specific data-
base, such as sample_training, you can automate the process of switching to this
database every time you start mongosh rather than switching manually from the default
test database to sample_training. The following script defines the function switch-
ToDatabase (), which automatically switches the mongosh session to a specific database
named sample training.

Listing 3.5 The JavaScript switchToDatabase () method

// Script to switch to a specific database
const targetDatabase = "sample training";
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function switchToDatabase () {

const currentDatabase = db.getName () ;

if (currentDatabase !== targetDatabase) ({
print (*Switching to database: ${targetDatabase}’);
db = db.getSiblingDB (targetDatabase) ;

}
}

// Call the function when connecting to mongosh
switchToDatabase () ;

Enter this script into your .mongoshrec. js file, and add the name of your default data-
base, to which you will be switched upon logging in. In this example, the database
is named sample_training. You can modify the database name within the script as
needed, of course.

TIP  Use the --norc option to prevent .mongoshrc.js from loading.

Playing with MongoDB Compass

MongoDB Compass is a free interactive GUI tool for querying, optimizing, and analyz-
ing MongoDB data in a visual environment. Compass provides detailed schema visu-
alizations, real-time performance metrics, sophisticated querying abilities, and many
other features.

Go to https://www.mongodb.com/try/download/compass to download and install
the most recent version of Compass. Review the requirements for your operating system
to ensure that the version of Compass you download is compatible with your system.

Compass stands as a solid alternative to mongosh (mongosh is accessible from within
Compass) and other command-line tools if you’d rather have a visual and interactive
method of database interaction.

After installing MongoDB Compass, launch it, and connect to your MongoDB clus-
ter. You can use the MongoDB Uniform Resource Identifier (URI) from your Atlas clus-
ter that you created in chapter 2, as I did in figure 3.1. This figure shows the view that
appears after you launch MongoDB Compass and click the Add New Connection but-
ton in the navigation sidebar on the left. This interface is designed to configure a new
connection to a MongoDB deployment. It includes a field for entering the MongoDB
deployment’s URI, with an option to edit the connection string using a toggle switch.
Below the URI field is a space to assign a name to the connection, which in this example
is "MongoDB-in-Action". The interface also provides Save, Connect, and Save & Con-
nect buttons to finalize the connection setup.

Upon connecting to your MongoDB deployment, you can explore the available data-
bases, which are databases created by loading the default Atlas data sets (chapter 2). At
the top is a query bar where you can type or generate a query. The Add Data, Export
Data, Update, and Delete buttons allow you to manage and change the data within the
database. You can also use mongosh directly from MongoDB Compass. To do this, click
the Open MongoDB Shell button in the top-right corner.
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Figure 3.1 You can connect to a MongoDB deployment with the MongoDB Compass application. Enter
a MongoDB connection string in the New Connection window. (Image © MongoDB 2025)

MongoDB Compass comes with a suite of tools tailored for developers, including the
Aggregation Pipeline Builder, shown in figure 3.2. This robust feature allows you to
construct and configure aggregation pipelines, which are crucial for complex data
processing. With an intuitive interface, you can visualize documents from a collection,
add multiple stages of data processing, and see a preview of the resulting aggregated
data set. The Aggregations tab in Compass offers a clear, manageable space for creat-
ing these pipelines, with helpful functions like Add Stage and additional controls for
previewing. These tools give you flexibility in constructing and customizing pipelines
to meet your precise data processing needs.

Figure 3.2 The Aggregations tab is where you can add various stages of data processing. (Image © MongoDB 2025)

MongoDB Compass provides a toolkit for database management that’s designed to
enhance productivity for developers and database administrators. Key features of Com-
pass include

Create, read, update, and delete (CRUD) operations—A user-friendly interface for cre-
ating, reading, updating, and deleting data, allowing for efficient data manipula-
tion directly within Compass
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Query building—Advanced query capabilities with a visual builder that helps you
craft precise queries without writing code, making data retrieval accessible and
intuitive

Schema visualization—A graphical representation of the database schema that
helps you understand the structure and relationships within the data, as well as
detect outliers and schema anomalies

Performance profiling—Tools for monitoring and optimizing database perfor-
mance, including visual explanations of query execution plans that help you
identify bottlenecks

Index management—Simplified index creation and management tools that
improve query performance and suggest optimal indexing strategies

Real-time server statistics—Dashboards that display real-time operational statistics
and server status, providing insights into the health and performance of
MongoDB deployments

Generative Al (GenAl) for queries and aggregation generation—Tools that generate
queries and aggregation pipelines using natural language, employing Al to inter-
pret the prompts you provide

Overall, MongoDB Compass streamlines the process of database development and
maintenance. As a GUI client, it allows for simplified data operations and analysis.
Later in this book, we’ll delve into mongosh and demonstrate the use of MongoDB
Compass for constructing complex queries and managing aggregation pipelines.

Connecting using MongoDB drivers

A driverin this context is a software library that enables an application to interact with a
database, providing a way to connect, execute queries, and manage data. You can con-
nect your application to your MongoDB Atlas deployment or a self-hosted MongoDB
cluster by using one of the official MongoDB libraries.

MongoDB supports a wide array of libraries, with active development and
maintenance from MongoDB to incorporate new features, enhance performance,
fix bugs, and implement security patches. The officially supported libraries include
C, C++, C#, Go, Java, Kotlin, Node.js, PHP, Python, Ruby, Rust, Scala, and TypeScript.
Community-supported libraries are also available, including Elixir for Erlang,
Mongoose for JavaScript, Prisma for Node.js/TypeScript, and R for Data Science and
Statistics. In this book, I focus on the Node.js, Python, and Ruby drivers, providing
insights into and practical examples of these popular languages.

Using the Node.js driver

To integrate MongoDB into your JavaScript or TypeScript application, you need to
use the MongoDB driver. By using the Node.js driver, you can establish connections to
MongoDB deployments in different environments, such as MongoDB Atlas, MongoDB
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Enterprise, and MongoDB Community, allowing your application to interact seam-
lessly with MongoDB databases regardless of the hosting environment.

To start, make sure you have Node.js version 16 or later and npm installed in your
development environment. You can verify and install them at https://mng.bz/26]N.
Then follow these steps:

Create a project directory named mongodb_book_project.

Open your shell, and execute the following command:

mkdir mongodb book project

Navigate to the new directory:

cd mongodb_book project

Initialize your Node.js project by running the following command:
npm init -y

When this command completes successfully, you’ll find a package.json file in
your mongodb_book_project directory, ready for your project.

Execute the following command in your shell to install the driver within your
project directory:

npm install mongodb@é6 .5

This command downloads the mongodb package and its dependencies, saves the
package in the node_modules directory, and records the dependency information
in the package.json file. Then you’ll have Node.js and npm installed, along with
anew project directory containing the installed driver dependencies.

Retrieve the connection string for MongoDB from your Atlas cluster.
You can use the Atlas CLI by running the following command, which displays your
connection string for your MongoDB cluster running in Atlas:

atlas clusters connectionStrings describe "MongoDB-in-Action"

You can also use the Atlas Ul Log in to your cluster, navigate to the Database
section, click Connect, and select your driver and version in the Connecting with
MongoDB Driver section. Then click the icon at the right end of the connection
string to copy the string to your clipboard, as shown in figure 3.3.

Listing 3.6 shows how to perform database queries within a Node.js application and
retrieve data from MongoDB, in this case finding routes originating from John F. Ken-
nedy International Airport (JFK). It uses the Node.js MongoDB driver to establish a
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Figure 3.3 Use the MongoDB Atlas interface to connect a MongoDB database to an application using a MongoDB
driver. Select your driver and version; then click the clipboard icon next to the connection string to copy the string.
(Image © MongoDB 2025)

connection with a MongoDB database and interact with it. After establishing a connec-
tion through the specified URI, the script sets up a MongoClient instance and defines
an asynchronous function that connects to the sample_training database, targeting
the routes collection. The results of this query are logged to the console. The script
ensures the proper closure of the database client, following best practices for resource
management.

In your mongodb_book_project project folder, create an index. js file to house your
application’s code. Make sure to replace the <connection string uris placeholder
with the actual connection string you copied from the Atlas GUI or obtained via the
Atlas CLI, and copy the following code into the index. s file.

Listing 3.6 Node.js MongoDB query example

const { MongoClient } = require ("mongodb"); //
Imports MongoClient

// Replace the uri string with your connection string to connect to MongoDB
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// Example: const uri = "mongodb+srv://<usernames:<password>
@mongodb-in-action. fpomkke.mongodb.net" Sets the MongoDB
const uri = "<connection string uris>" // <F44444444JCOHHGCUOHUR|
// Create a MongoClient instance. Creates a new MongoClient
const client = new MongoClient (uri); // instance using the URI
// Define an async function. Defines an async function run to
const run = async () => { // perform database operations
try {
// Connect to the database. Accesses the
const database = client.db("sample training"); // sample_training database
const routes = database.collection ("routes"); //
Accesses the routes
// Query to find routes from JFK by airline ID 3201. collection in the
const query = { src_airport: "JFK", "airline.id": 3201 }; database
//
const route = await routes.findOne (query); // Creates a query to find routes
from JFK with airline ID 3201
le.1 te) ;
console.log(route); // Logs the result
} catch (error) { Executes the query and
of the query . .
console.error (error); // retrieves a matching document
} finally { . Catches and logs any
// Close the database client. errors that occur
await client.close(); //
} Closes the MongoDB
}i connection in the finally block
// Call the function. Executes the function and
run () .catch(console.error); // handles any promise rejections

In your terminal, execute this command to launch the application:

node index.js

This command invokes the Node.js runtime environment to execute the JavaScript
code in the index.js file, initiating the processes or operations defined within it. You
receive the following output in your terminal upon completion.

Listing 3.7 Single MongoDB document returned from the Node.js script

{

_id: new ObjectId('56e9b39b732b6122£877fe58"),
airline: ({
id: 3201,
name: 'LAN Argentina',
alias: '4M',
iata: 'DSM'
e
src_airport: 'JFK',
dst_airport: 'EZE',
codeshare: 'Y',
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stops: 0,
airplane: 777

}

With the Node.js driver for MongoDB, you can establish connections to MongoDB
instances, configure user authentication, execute CRUD operations to read and write
data, use promises and callbacks for asynchronous operations, optimize queries with
index creation and design, apply language-specific sorting rules through collations,
set up logging for MongoDB operations, and monitor server events for enhanced data-

base management and performance.

MongoDB and TypeScript

Given that TypeScript is transpiled into JavaScript, you can use the MongoDB Node.js
driver to develop TypeScript applications that interact with MongoDB. Using TypeScript
definitions with MongoDB requires Node.js driver version 4.0 or later.

The TypeScript compiler provides real-time type checking. Code editors that support
TypeScript can offer autocomplete suggestions, inline documentation, and detect
type-related errors. All TypeScript features of the driver are optional. Any valid Java-
Script code written with the driver is also valid TypeScript code.

Employing Python drivers
Now let’s delve into the Python drivers for MongoDB. Python developers have two
primary options for interfacing with MongoDB, catering to different programming

paradigms:

PyMongo—The preferred choice for synchronous Python applications. PyMongo
provides a direct, sequential mode of interaction with the MongoDB server, fit-
ting well with applications in which tasks are executed one after another.
Motor—Specifically crafted for asynchronous Python applications, integrating
smoothly with Python’s asyncio framework. This driver is optimal for scenarios
that demand nonblocking I/0O, such as in applications that have high levels of
concurrency or require efficient performance under load, such as web servers
and systems dealing with intensive I/O operations.

PyMongo

To make the PyMongo driver module available to your Python application, you must
install it using pip. This command shows how to install the latest version of the module

via the command line:

python3 -m pip install pymongo
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Listing 3.8 shows a query that finds routes originating from JFK airport in Python. Note
that I'm using the Stable API feature, available with PyMongo driver version 3.12 and
later, to connect to MongoDB Server version 5 and later. This feature allows you to
update the driver or server without worrying about backward-compatibility problems,
using commands covered by the Stable API. Create a mongodb-pymongo.py file, and
enter the following code into the file. Make sure to replace the <connection string
uris> placeholder with the actual connection string you copied from the Atlas GUI or
obtained via the Atlas CLIL

Listing 3.8 PyMongo Python driver example

from pymongo.mongo_client import MongoClient
from pymongo.server api import ServerApi
from pprint import pprint

Imports the
required modules

# Replace <connection string> with your MongoDB Atlas connection string.
# Example: uri = "mongodb+srv://<usernames:<passwords>
@mongodb-in-action. fpomkke.mongodb.net"
Sets the MongoDB

uri = "<connection_string>" connection string

# Create a MongoClient instance specifying the Stable API version
client = MongoClient (uri, server api=ServerApi('l'))

Creates a
# Specify the database and collection MongoClient
database = client['sample training'] Accesses the database instance with
routes collection = database|['routes'] and collection the%pedﬁedAPI
version

# Define the query
query = {"src_airport": "JFK", "airline.id": 3201} - Defines the query

try:
# Execute the query to find a document matching the query
route = routes collection.find one (query) <<———W
) ) ) Executes the query

# Check if a route is found and print the result
if route:

print ("Found a route:")

pprint (route) <] Prints the result or indicates
else: that no match was found

print ("No route found from JFK.") <

except Exception as e:
# Handle any errors that occur during the query

print (E"An error occurred: {e}") <1 Handles exceptions
finally:

# Close the connection to MongoDB Closes the connection

client.close () to MongoDB

In your terminal, execute this command to launch the application:

python3 mongodb-pymongo.py
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Executing the command python3 mongodb-pymongo. py initiates the script with Python
3, activating the sequence of operations that connect to MongoDB, execute the query,
manage any encountered exceptions, and close the connection. You receive the follow-
ing output in your terminal upon completion.

Listing 3.9 Single MongoDB document returned from the Python script

Found a route:
{ id: new ObjectId('56e9b39b732b6122£877fe58"),
airline: {

id: 3201,
name: 'LAN Argentina',
alias: '4M',

iata: 'DSM!'
b
src_airport: 'JFK',
dst_airport: 'EZE',
codeshare: 'Y',
stops: O,
airplane: 777 }

Unlike the Node.js MongoDB driver, which relies on promises and callbacks, PyMongo
uses Python’s context managers for resource management and supports native corou-
tines for asynchronous tasks. It integrates seamlessly with Python’s data types, such
as rich Binary JSON (BSON) and datetime objects, and employs Pythonic syntax in
its aggregation framework to enhance code readability and efficiency. PyMongo also
makes handling large files with GridFS straightforward, fitting well with Python’s idi-
omatic practices and offering a cohesive, efficient toolkit for Python developers inter-
facing with MongoDB.

Motor

The choice between synchronous and asynchronous programming depends on the
specific requirements of your application. For tasks that are CPU-bound or require
sequential execution without significant waiting periods, synchronous programming is
sufficient and easier to implement. On the other hand, asynchronous programming is
indispensable for modern web applications and services that require high concurrency
and efficiency in handling I/O operations.

To make the Motor driver module available to a Python application, you must install
it using pip. This command shows how to install the latest version of the module via the
command line:

python3 -m pip install motor

Listing 3.10 illustrates an asynchronous interaction with MongoDB using the Motor
library in Python, contrasting with the synchronous approach with PyMongo in list-
ing 3.8. This example also uses the Stable API feature. To begin, create a mongodb
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-motor.py file, and enter the code into it. Replace the <connection stringuris place-
holder with the actual connection string you obtained from the Atlas GUI or through
the Atlas CLL

Listing 3.10 Motor Python driver example

import asyncio

from motor.motor asyncio import AsyncIOMotorClient Imports the
from pymongo.server api import ServerApi required modules
from pprint import pprint

# Replace <connection_ string> with your MongoDB Atlas connection string.

uri = "<connection_ string>" 444447

Sets the MongoDB connection string

async def find route(): -

# Create an AsyncIOMotorClient instance specifying the Stable API version
client = AsyncIOMotorClient (uri, server api=ServerApi('l'))

. Defines th
Creates an asynchronous MongoDB client eanes the

using the specified APl version find ::z:‘: 2:: :t?:;

try:
# Specify the database and collection
database = client['sample training'] .

routes_collection = database['routes'] Accesses the database and collection

# Define the query

query = {"src airport": "JFK", "airline.id": 3201}

< Defines the query

# Execute the query to find a single document matching the query

route = await routes collection.find one (query)
Executes the query
# Check if a route is found and print the result asynchronously
if route:
print ("Found a route:") Prints the result if
pprint (route) a document is found
else:

print ("No route found from JFK.") Indicates whether a

matching route is found
except Exception as e:

# Handle any errors that occur during the query

print (£"An error occurred: {e}")
finally: Handles any errors that

# Close the connection to MongoDB occur during the query
client.close() .
Closes the MongoDB client

# Run the asynchronous find route function

asyncio.run (find route())
j Runs the asynchronous find_route
function using asyncio.run

In your console, execute this command to launch the application:

python3 mongodb-motor.py
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This script asynchronously queries a MongoDB database using the Motor library to
find a flight route originating from JFK airport. It prints the found route or a message
if no route is found, handles any errors, and closes the database connection efficiently.

PyMongo vs. Motor

When querying the database for routes originating from JFK airport using PyMongo,
the program waits for the query to complete before moving on to the next line of
code. This blocking nature ensures a straightforward, linear execution flow, making
the code easier to read and debug. Synchronous programming is ideal for scripts and
applications in which operations are not I/O-bound, concurrency is not a concern,
or tasks need to be performed in a strict sequence. It’s suitable for small-scale appli-
cations, data analysis scripts, or server-side tasks in which the load is manageable and
real-time performance is not critical.

While awaiting a database response to a query initiated with Motor, the Python event
loop can switch to executing other tasks. This nonblocking behavior makes handling
I/O-bound operations more efficient because it doesn’t waste CPU cycles waiting. Asyn-
chronous programming shines in I/O-bound applications such as web servers, real-
time data processors, and any other applications that require high concurrency. It’s
particularly effective for handling multiple simultaneous database operations, network
requests, or long-running I/0 tasks. Asynchronous code can significantly improve the
responsiveness and throughput of web applications, especially those that serve a large
number of clients or perform extensive I/O operations.

Asynchronous code can handle more tasks in the same amount of time than synchro-
nous code, especially in I/O-bound applications, which makes it a better choice for
scalability and handling high loads. But asynchronous programming introduces com-
plexity due to its nonlinear execution flow. Managing this complexity requires a good
understanding of async/await patterns and the event loop. By contrast, synchronous
code is simpler to write and understand but may not use system resources as efficiently.

Integrating Ruby drivers

The Ruby driver for MongoDB is a library that facilitates interactions between Ruby
applications and MongoDB databases. It provides direct mapping between Ruby code
and MongoDB operations, enabling developers to execute database queries and oper-
ations directly from Ruby scripts and applications.

The Ruby driver is distributed as a gem, hosted on RubyGems. It is written entirely
in Ruby and supports connections to MongoDB servers using Transport Layer Secu-
rity (TLS). It offers authentication via the Salted Challenge Response Authentication
Mechanism (SCRAM), supporting both SCRAM-SHA-1 and SCRAM-SHA-256, as well
as X.509 authentication, all of which operate over TLS connections. This functional-
ity requires a working Ruby openssl extension. To install the gem, add mongo to your
Gemfile:
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gem "mongo", "~> 2"
gem install mongo

TIP  To use MongoDB Atlas, I recommend using version 2.6.1 or later of the
driver. This version offers significant performance improvements for TLS con-
nections, which are used in all Atlas connections.

Listing 3.11 shows a Ruby script that uses the mongo gem to connect to a MongoDB
database and employs a query pattern to search for specific records within the routes
collection. If the operation is successful, the retrieved document is printed to the con-
sole. The script is structured to handle exceptions gracefully, printing any error mes-
sages encountered. It also ensures that the database connection is closed properly.

Create a file named mongodb-ruby.rb, and insert the provided code snippet into
it. Remember to replace the <connection string uris placeholder with your actual
MongoDB connection string, which you obtained from the MongoDB Atlas GUI or
through the Atlas CLI.

Listing 3.11 Ruby MongoDB driver example

Imports the mongo gem to
require 'mongo'’ interact with MongoDB

Defines the
# Replace the uri string with your MongoDB connection string. MongoDB
uri = "< connection string uri >" connection string

# Create a MongoClient instance. Creates a new MongoClient instance
client = Mongo::Client.new (uri) with the connection string

# Define a block of code to execute.

begin Connects to the
# Connect to the database. sample_training database
)

database = client.use("sample training" Accesses the routes collection
within the database

# Reference a collection

routes = database[:routes] Defines a query to find

routes from JFK airport
# Query to find routes from JFK airport.

query = { 'src_airport' => 'JFK' } Executes the query and fetches
route = routes.find(query).first the first matching document
puts route < Outputs the result
rescue => error Handles any exceptions and
puts error.message prints the error message
ensure
# Ensure that we close the database connection Closes the MongoDB client
client.close connection to ensure proper cleanup
end

In your console, execute this command to launch the application:

ruby mongodb-ruby.rb
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The script searches for the first route originating from JFK airport and prints this route
to the console. It uses the mongo Ruby driver to find and display this information effi-
ciently. Thanks to seamless BSON handling within Ruby’s object-oriented framework,
the driver excels in serialization and connection pooling.

Learning Mongoid

For numerous applications, the basic Ruby driver serves as the optimal choice. When
you need validations, associations, and advanced data modeling capabilities, however,
switching to an object-document mapper (ODM) is essential.

In Rails, developers are accustomed to Active Record for database interactions. Mon-
goid offers a seamless drop-in replacement for Active Record, allowing you to integrate
MongoDB using a familiar and natural syntax. This makes transitioning from tradi-
tional SQL databases to MongoDB straightforward while allowing you to benefit from
Rails’ conventions and ease of use.

NOTE Given MongoDB’s nature as a document-oriented database, these map-
pers are termed ODMs instead of object-relational mappers (ORMs).

Mongoid, the officially sanctioned ODM for MongoDB within the Ruby ecosystem, is
managed by MongoDB and has some external community contributors working on it.
Mongoid is bundled as a gem and hosted on RubyGems. It can be installed manually
or with a bundler.

To install the gem manually, use this command:

gem install mongoid

To install the gem with a bundler, include the following in your Gemfile:

gem 'mongoid', '~> 8.1.0"'

The advantages of using Mongoid ODM are

High-level interface—Mongoid facilitates an elevated programming interface that
uses objects, streamlining interaction with databases instead of handling the doc-
ument format directly.

Uniform access—Mongoid offers a uniform interface that ensures standardized
data access patterns throughout an application.

Schema validation—Although MongoDB does not inherently require schemas,
Mongoid supports schema definitions and offers an organized method for
prestorage data validation.

Transition ease—If you are acquainted with ORMs from SQL database systems,
you may find Mongoid more natural when you switch to MongoDB.

Transactional support—Mongoid provides transactional assistance, ensuring that
all operations within a transaction are completed in unison.
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Enhanced efficiency—By integrating caching strategies, Mongoid improves
performance.

Code minimization—Mongoid automates various repetitive database tasks, signifi-
cantly decreasing the amount of code developers need to write and manage.

TIP  For detailed documentation and helpful resources on configuring Mon-
goid, see https://www.mongodb.com/docs/mongoid/current.

Summary

The MongoDB Wire Protocol is essential for client-server data exchange, offer-
ing efficient communication through a request-response mechanism over sock-
ets, typically on port 27017.

mongosh is a versatile client for direct MongoDB interactions, supporting fea-
tures such as syntax highlighting, intelligent autocomplete, contextual help, and
scripting capabilities.

MongoDB Compass is a GUI tool offering schema visualizations, query building,
index management, and performance profiling for an enhanced database man-
agement experience.

The Node.js MongoDB driver simplifies the integration of Node.js applications
with MongoDB databases, offering techniques and configurations to optimize
interaction.

You use the MongoDB Node.js driver to develop TypeScript applications that
interact with MongoDB.

PyMongo, tailored for synchronous operations in Python, facilitates direct con-
nections and interactions with MongoDB. You can use it to execute database
queries.

Motor, the asynchronous Python driver, permits nonblocking database opera-
tions, boosting the efficiency of Python applications with concurrent database
interactions.

The Ruby driver makes it easy to work with MongoDB in Ruby by handling data-
base connections and executing queries efficiently.

Mongoid, the officially supported ODM for MongoDB in Ruby, improves Ruby’s
interaction with MongoDB.


https://www.mongodb.com/docs/mongoid/current

Executing CRUD
operations

This chapter covers

Inserting documents in MongoDB
Reading operations from MongoDB
Updating operations in MongoDB
Removing operations from MongoDB
Reviewing MongoDB’s Stable API

CRUD operations involve creating, reading, updating, and deleting documents.
These fundamental actions form the backbone of data management systems, allow-
ing applications and users to manipulate data effectively. Each type of CRUD opera-
tion has a specific function:

Create—Adds new documents to the MongoDB database

Read—Retrieves a document from the database

Update—Changes details in existing documents within the database

Delete—Eliminates documents from the database

57
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CRUD operations define how applications interact with a database by managing the
document life cycle, enforcing data consistency, and ensuring efficient access to stored
information. This chapter covers executing these operations within MongoDB using
mongosh, focusing on their behavior, performance considerations, and best practices
for handling data modifications.

Connecting to mongosh for CRUD operations

Let’s begin exploring CRUD operations. Connect to the MongoDB database in Atlas,
which was established in chapter 2. Here’s how you might structure your connection
command:

mongosh "mongodb+srv://YOUR_CLUSTER.YOUR HASH.mongodb.net/" \
--apiVersion API_VERSION --username USERNAME --password PASSWD

TIP The --apiversion parameter in the connection string ensures that your
app uses a specific version of the MongoDB Stable API, even if MongoDB is
upgraded to a newer version. This way, your app stays compatible, and you can
safely use new features without worrying about breaking changes. The Stable
API is explained at the end of this chapter.

All the examples in this chapter use the sample dataset imported into the MongoDB
Atlas cluster in chapter 2, in which we established the following databases:
sample airbnb, sample_analytics, sample geospatial, sample guides, sample
mflix, sample restaurants, sample supplies, sample training, and sample
weatherdata.

With the use command, switch to the sample training database to access the
routes collection:

[primary] test> use sample training
switched to db sample training
[primary] sample trainings

Inserting documents

Inserts are fundamental operations for adding data in MongoDB. MongoDB offers the
insertOne () and insertMany () methods for inserting documents into a collection.
To insert a single document, use the insertone () method, as shown in the following
listing.

Listing 4.1 Inserting a single document

[primary] sample training> db.routes.insertOne ({
airline: { id: 410, name: 'Lufthansa', alias: 'LH',
iata: 'DLH' },

src_airport: 'MUC',

dst_airport: 'JFK',
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codeshare: '',
stops: O,
airplane: 'A380'

)

{
acknowledged: true,
insertedId: ObjectId('661998a755d788cb7662a3ed’')

}

[primary] sample trainings>

Listing 4.1 uses the insertone () method to insert a single document into the routes
collection. The document specifies details such as airline ID and name, source and
destination airports, and airplane type. The response object from MongoDB confirms
the successful insertion with acknowledged: true and provides the inserted1d of the
newly added document, indicating that the operation was executed and providing the
document’s unique identifier, ObjectId('661998a755d788cb7662a3ed") .

TIP  When inserting a document into a MongoDB collection, you can provide
your own _id field value. This allows you to specify a custom identifier for the
document instead of using the autogenerated ObjectId.

If you need to insert multiple documents into a collection, use the insertMany ()
method, as shown in the next listing. This method allows you to pass an array of docu-
ments to the database. It’'s much more efficient because it doesn’t require a round trip
to the database for each document inserted; instead, it inserts all documents in bulk.

Listing 4.2 Inserting many documents

[primary] sample trainings> db.routes.insertMany ([
{
airline: { id: 413, name: 'American Airlines', alias: 'AA',
iata: 'AAL' },
src_airport: 'DFW',
dst_airport: 'LAX',
codeshare: '',
stops: O,
airplane: '737'
¥
{
airline: { id: 411, name: 'British Airways', alias: 'BA',
iata: 'BAW' },
src_airport: 'LHR',
dst_airport: 'SFO',
codeshare: 'Y',
stops: 0,
airplane: '747'
b
{
airline: { id: 412, name: 'Air France',6 alias: 'AF', iata: 'AFR' },
src_airport: 'CDG',
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dst_airport: 'JFK',
codeshare: '"',
stops: 0,

airplane: '777'

}
1)

{

acknowledged: true,

insertedIds: ({
'0': ObjectId('66la252acf6203ef2al1db277"'),
'1': ObjectId('66la252acf6203ef2aldb278'),
'2': ObjectId('66la252acf6203ef2al1db279"')

1

[primary] sample trainings>

Listing 4.2 uses the insertMany () method to bulk-insert multiple documents into the
routes collection. The method is efficient because it performs the insertions in a sin-
gle database operation, confirmed by the acknowledged: true status and the listing of
each document’s unique ObjectId.

TIP The number of documents you can include in a single insertMany ()
operation is constrained by the 16 MB Binary JSON (BSON) document size
limit. Essentially, you can insert any number of documents as long as their
combined size remains below this 16 MB threshold.

By default, MongoDB inserts documents in the order in which they are provided. If the
ordered option is set to true and an insert fails, the server stops processing subsequent
records. If the option is set to false, the server continues with the next document
even if one fails, potentially reordering the documents for better performance. Appli-
cations should not rely on the insertion order when using insertMany with ordered set
to false.

TIP To check which document failed in an insertMany() operation in
MongoDB, look at the error details provided in the operation’s response.
The error message will include the index of the failed document within your
array of documents. This index corresponds to the position of the document
that caused the failure, allowing you to identify and address the problem. For
unordered operations (ordered: false), multiple errors may be reported,
each with a corresponding index.

MongoDB limits the number of operations in each batch to the maxWriteBatchSize,
which defaults to 100,000. This limit helps prevent problems with large error messages.
If a batch exceeds this limit, the client driver splits it into smaller batches, each of
which complies with the maximum size. A batch of 300,000 operations, for example,
would be divided into three batches of 100,000 each.

When you are inserting large amounts of random data into an indexed field, such as
with hashed indexes (chapter 7), performance may decline because each bulk insert
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generates random index entries, enlarging the index and possibly causing each insert
to access a different entry. This situation can lead to high rates of cache eviction and
replacement in the WiredTiger storage engine (chapter 8), reducing performance
because the index updates occur on disk rather than in cache. You have two options for
enhancing performance with bulk inserts of random data:

Consider dropping the index before the insert and re-creating it afterward.

Insert the data into an unindexed collection and create the index postinsertion,
allowing for an organized, memory-sorted index.

NOTE Dropping an index before large bulk inserts can significantly boost
write performance by reducing insertion overhead. This boost, however, comes
at the cost of slower reads and potential query disruptions. This approach is
best suited to scenarios with planned downtime or systems that experience
long periods of low activity, allowing the index to be dropped and rebuilt safely
without affecting the read workload. To minimize risks, estimate rebuild time,
schedule operations during low-traffic windows, and monitor system resources
carefully. Always test and coordinate thoroughly to ensure a smooth process.

If the insertOne () operation successfully inserts a document, it adds an entry to the
oplog collection. (I explain oplog in chapter 9.) Conversely, if the operation fails, no
entry is made. Similarly, if the insertMany () operation successfully inserts one or more
documents, an entry is added to the oplog for each document inserted, whereas failed
inserts do not appear in the oplog.

Updating documents

After you store a document in the database, you can make modifications with various
update methods. These methods include updateOne (), updateMany (), and replace-
One (), in which the initial parameter serves as the filter. This filter identifies the docu-
ments targeted for updates based on specified criteria. Filters range from simple, such
as {"_id": MyNumber }, which targets a specific document via its MongoDB ObjectID,
to complex queries that target multiple documents based on diverse criteria. When
you use updateOne () or replaceOne (), only a single document is updated or replaced,
even if the filter matches multiple documents. Specifying an empty filter {} updates
the first document returned in the collection, but it is worth verifying which document
will be selected in such cases, as this behavior depends on the query execution.

In methods such as updateone (), updateMany (), and replaceOne (), the second
parameter is a document that outlines the desired changes to the document(s). Option-
ally, a third parameter can specify additional options.

If upsert: true is specified and no documents match the filter, updateOne () or
updateMany () creates a new document using the filter criteria and the specified update
modifications.

TIP  To avoid multiple upserts, make sure that the filter field(s) are uniquely
indexed.
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WARNING Document updating can modify or replace existing documents.
Whereas replaceOne () swaps the current document with a new one, update-
one () modifies the existing document based on the supplied changes.

Using update operators

Often, only specific parts of a document require updates. Update operators like $set
and $inc enable precise and atomic modifications to a document.

Suppose that you are managing flight details in a routes collection. If an airline
changes the aircraft type for a specific route, you can use the $set operator to update
the airplane field. If British Airways decides to switch from a Boeing 747 to an Airbus
A380 on the LHR-to-SFO route, for example, the $set operator would update the air-
plane field from "747" to "A380". If American Airlines needs to add a stopover at Phoe-
nix for the DFW-to-LAX route, the sinc operator increments the stops field from o to
1. To update the aircraft type on a specific route, you can use the $set operator with the
updateone () method. The following listing shows these examples.

Listing 4.3 Using the $set operator

db.routes.updateOne (

{ "airline.id": 411, "src_airport": "LHR",
"dst_airport": "SFO", "airplane": "747" },
{ $set: { "airplane": "A380" } }

The command uses an updateone () method with a specific filter to locate the docu-
ment that needs updating in the MongoDB routes collection. The filter { "airline
.id": 411, "src_airport": "LHR", "dst_ airport": "SFO", "airplane": "747" }
targets a specific flight by its airline ID, departure airport, destination airport, and cur-
rent airplane model. Then the $set operation { $set: { "airplane": "A380" } }
updates the airplane field to "a380" for this route.

NOTE The updateone () method in MongoDB arbitrarily updates one of the
matching documents if multiple documents fit the query criteria and no spe-
cific sort order is applied. This behavior can be unintuitive because it does
not specify which document will be updated when multiple matches occur. To
target a specific document accurately, I advise using unique identifiers in your
query, ensuring a predictable update.

TIP  The $set operator allows you to modify the values of any field in a docu-
ment except _id. If the field specified by the $sset operator does not exist, the
operator creates it.

Another useful operator is $inc. The following listing shows how to adjust the number
of stops on a specific route by using the updateone () method with the $inc operator.
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Listing 4.4 Using the $inc operator

db.routes.updateOne (
{ "airline.id": 413, "src_airport": "DFW",
"dst_airport": "LAX", "stops": 0 },
{ $inc: { "stops": 1 } }

The command uses the filter { "airline.id": 413, "src_airport": "DFW", "dst_
airport": "LAX", "stops": 0 } to identify the specific flight based on airline ID,
departure airport, destination airport, and current number of stops (0). Then the
$inc operation { $inc: { "stops": 1 } } increments the stops field by 1 for this
route, effectively changing the number of stops from 0 to 1.

TIP The $inc operator modifies the value of an existing key or creates a new
one if the key does not exist. This operator is particularly useful for incre-
menting or decrementing numerical fields within a document, making it ideal
for applications such as updating inventory levels and for any scenario that
involves changeable numeric values.

When choosing between MongoDB’s $inc and $set operators, select $inc for numeric
updates to benefit from its fast, low-overhead operations. Use $set for broader updates
or new fields, keeping an eye on performance, especially if these changes increase doc-
ument size or require movement within the database. Table 4.1 lists the update opera-
tors available in MongoDB.

Table 4.1 MongoDB update operators

Name Description

ScurrentDate Sets a field to the current date as a Date or Timestamp

Sinc Increments or decrements a field by a specified amount

Smin Updates only if the specified value is less than the current value
Smax Updates only if the specified value is greater than the current value
Smul Multiplies the value of the field by the specified amount

Srename Renames a field

$set Sets the value of a field in a document

$setOnInsert Sets a field during insertion, not affecting updates

Sunset Removes the specified field from a document

Updating many documents

The updateMany () method modifies all documents in a collection that meet the spec-
ified filter criteria, applying the provided update rules. In your sample_training
.routes namespace, which stores information about various airline routes, the
updateMany () method can be particularly useful for bulk updates across multiple
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documents. If you need to update attributes such as airplane models, airport codes, or
even airline details across a large number of routes, updateMany () streamlines this pro-
cess by applying the changes to all relevant documents at the same time. This ensures
data consistency and efficiency in managing the route information within your collec-
tion. The updateMany () method operates under semantics similar to those of update-
one (), with the notable distinction being the effect on multiple documents rather than
one.

TIP  To ensure the smooth execution of the updateMany () operation in pro-
duction, thoroughly validate the filter beforehand. Using incorrect or insuf-
ficient filters can lead to unintended updates and potential chaos in the
database. Before using it, execute a £ind () method to verify whether the filter
accurately selects the desired documents.

NOTE If a failure occurs in updating one of the documents, updateMany () still
attempts to update the other documents that meet the criteria. The operation
does not roll back changes if one document fails; the updates done before the
failure are retained, but any matching documents after that are not updated.
As a result, partial updates can occur: some documents are updated success-
fully, while others are not.

Updating arrays

MongoDB provides a variety of array operators that are extensive and powerful for
manipulating documents that contain array fields. These operators enable function-
alities such as adding elements to an existing array, removing elements from an array,
modifying existing elements, and creating a new array. For example, if you have a
data set with airline routes, and you want an array called prices to list the prices
of the different classes, you can use MongoDB’s $push operator to add the prices
dynamically.

Adding elements to an array

The next listing uses the $push operator with updateone () to add a price for a specific
class to a flight.

Listing 4.5 Using the $push operator

db.routes.updateOne (
{ "airline.id": 413, "src airport": "DFW", "dst airport": "LAX" },
{ $push: { "prices": { class: "business", price: 2500 } } }

This operation adds the price for the business class to the prices array for the speci-
fied flight. If the prices array doesn’t exist, MongoDB creates it.
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If you want to add more prices for other classes or update existing prices, you can use
the $push operator combined with the $each modifier to append multiple values to an
array field at the same time:

db.routes.updateOne (
{ "airline.id": 413, "src_airport": "DFW", "dst airport": "LAX" },
{ $push: { prices: { $each: [{ class: "economy", price: 800 },
{ class: "first", price: 2000 }1 } } }

This command appends each of the specified price entries to the prices array for
the specified document, efficiently adding multiple prices for different classes in one
operation.

You can also use the $push operator with the $each, $sort, and $slice modifiers if
you want to add new classes such as "premium economy" or "luxury" to the prices array
in a MongoDB document. Here’s how you can update the array dynamically to include
these new entries:

db.routes.updateOne (

{ "airline.id": 413, "src_airport": "DFW", "dst_airport": "LAX" },
$push: {
prices:
$each: [

{ class: "premium economy", price: 1100 }

{ class: "luxury", price: 3000 }
1,
Ssort: { price: 1 }, // Sorts prices in ascending order
$slice: -3 // Keeps the last 3 entries

TIP  Use the $slice modifier only if you want to prevent the array from grow-
ing larger than a specific length, effectively maintaining a top » list of items.

The following listing shows the content of the document after the update. You can ver-
ify the changes using the find command.

Listing 4.6 The content of the document after an array update

db.routes.find({ "airline.id": 413, "src_airport": "DFW",
"dst_airport": "LAX" })
[
{
_id: ObjectId('66la252acf6203ef2aldb277'),
airline: { id: 413, name: 'American Airlines', alias: 'BAA',
iata: 'AAL' },
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src_airport: 'DFW',

dst_airport: 'LAX',

codeshare: '',

stops: 1,

airplane: '737',

prices: [
{ class: 'first', price: 2000 },
{ class: 'business', price: 2500 },
{ class: 'luxury', price: 3000 }

This result confirms that the document has been successfully modified to include the
new classes and prices. You can use $addToSet, shown in the next listing, to ensure
unique entries in an array field in MongoDB and prevent duplicates in the array.

Listing 4.7 Using the $addToSet operator

db.routes.updateOne (
"airline.id": 413, "src airport": "DFW", "dst airport": "LAX" },
_ b _ p

{

$addToSet: {
"prices": {
class: 'economy plus', price: 1200
}

The $addToset operator attempts to add a new object with class 'economy plus' and
price: 1200 to the prices array of the specified document. This object is added only
if an identical object—the field names and their values—doesn’t already exist in the
array. If an object with the same field names but different values is added, it will be
treated as a unique entry and included in the array. This ensures that only fully identi-
cal objects are prevented from being added, maintaining unique entries. This behavior
contrasts with the $push operator, which adds the specified value to an array whether
or not the value already exists, potentially leading to duplicates.

Removing elements from an array

You can also remove a specific element from an array in MongoDB, such as { class:
"first', price: 2000 }. Typically, you use the $pull operator for this task, as shown
in the following listing. The spull operator allows you to specify the condition of the
element to remove, matching the object you want to delete from the array.

Listing 4.8 Using the $pull operator

db.routes.updateOne (
{ "airline.id": 413, "src airport": "DFW", "dst airport": "LAX" },
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$pull: {
prices: {
class: 'first',
price: 2000

This operation removes the object { class: 'first', price: 2000 } from the prices
array if it exists. The spull operator is effective for selectively deleting elements from
an array that match a specified condition.

Listing 4.9 shows the $pop operator in MongoDB, which removes either the first or
the last element of an array within a document. This operator is helpful when you need
to remove elements from the end or the beginning of an array without specifying exact
values.

Listing 4.9 Using the $pop operator

db.routes.updateOne (
{ "airline.id": 413, "src_airport": "DFW", "dst airport": "LAX" },
$pop: |
prices: 1 // Removes the last element from the 'prices' array

In this example, specifying 1 with $pop removes the last element from the prices array.
If you want to remove the first element instead, you would use -1.

Updating array elements

When you modify arrays with numerous elements, the process becomes slightly more
complex if you need to alter specific items. You can target a specific item’s position or
use the positional operator ($) to update matching elements. In arrays, indexing starts
at zero, allowing elements to be targeted as though their numerical index was akin to
a document key:

Direct indexing—This method is straightforward if you know the exact index of
the elementin the array you want to update. Suppose that you want to update the
price of the second class (index 1) in the prices array:

db.routes.updateOne (
{ "airline.id": 413, "src_airport": "DFW", "dst_airport": "LAX" },
{ $set: { "prices.l.price": 3500 } }
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This operation sets the price of the second element, — class: luxury (assuming
that the array elements are indexed from 0), in the prices array to 3500.

Positional operator ($)—This method is useful when you don’t know the exact
index of the element but can specify a condition that uniquely identifies it within
the array. This approach is often recommended for dealing with elements that
need to be identified dynamically:

db.routes.updateOne (

{

"airline.id": 413,

"src_airport": "DFW",
"dstiairport": "LAX",
"prices.class": "luxury" // Condition to identify the element

¥
{
$set: { "prices.$.price": 4500 }
// Using the positional operator to update the price

}

This command replaces the price of the "luxury" class within the prices array
with 4500, where the condition "prices.class": "luxury" is met.

NOTE If the specified field price does not exist within an array element that
matches the condition (such as "prices.class": "luxury"), MongoDB auto-
matically adds the price field to that element and sets its value to 4500. This
action occurs because the $set operator in MongoDB not only updates exist-
ing fields but also creates new fields in document elements where they are
missing, ensuring that the specified update is applied correctly.

4.4.4 Updating using array filters

Another option involves the $[<identifier>] operator, commonly known as the
Jiltered positional operator. This operator offers a powerful capability in MongoDB for
pinpointing array elements that satisty specified conditions defined by arrayFilters.
When employed alongside the arrayFilters option, the $ [<identifier>] operator is
structured as follows:

{ <update operators: { "<arrays>.$[<identifiers]" : value } },
{ arrayFilters: [ { <identifier>: <condition> } ] }

Starting with MongoDB 5.0, update operators process fields in documents with string-
based names in lexicographic order, whereas fields with numeric names are processed
in numeric order.

Suppose that you want to update the price of the business class for the flight
from DFW to LAX operated by American Airlines (airline ID 413) in your MongoDB
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document. You can use the $[<identifier>] operator with arrayFilters to achieve
this goal, as shown in the following listing.

Listing 4.10 Using the $ [<identifier>] operator with arrayFilters

db.routes.updateOne (
{ "airline.id": 413, "src_ airport": "DFW", "dst airport": "LAX" },

{
$set: |
"prices.$[elem] .price": 2600

arrayFilters: [
{ "elem.class": "business" }

Listing 4.10 updates a document in the routes collection, targeting a specific route
with the airline ID 413 that departs from "DFw" and arrives at "LAX". Then, within this
document, it modifies the price of the business class to 2600 using the $[elem] fil-
tered positional operator along with the specified array filter.

The identifier elem used with the $ [<identifier>] filtered positional operator acts
as a placeholder that refers to specific elements within an array: elements that match
the conditions specified in arrayFilters. This setup enables selective updating of
array elements that meet defined criteria, focusing the update actions on those specific
elements without affecting others in the array. Table 4.2 lists the array operators avail-
able in MongoDB.

Table 4.2 MongoDB array update operators

Name Description

$ (update) Placeholder that updates the first element that matches the query

S0 Placeholder that updates all array elements that match the query

$[<identifier>] Placeholder that updates all elements that match the arrayFilters
condition

$addToSet Adds elements to an array only if they do not exist in set

Spop Removes the first or last item of the array

$pull Removes all array elements that match a specified query

Spush Adds an item to an array

$pullall Removes all matching values from an array
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Replacing documents

The replaceone () method in MongoDB replaces a single document within a collec-
tion that matches a specified filter with a new document. This method provides a way to
replace the existing document with a new one rather than modify specific fields within
the document. One common use case for replaceOne () is when you need to update a
document with a new set of data, such as when you receive fully updated or corrected
information or make a major change in the document structure. Instead of updating
each field individually, you can replace the entire document with the new data.

NOTE The new data must be a full representation of the document. If you
need to preserve existing fields from the original document, replaceOne () is
not the right option. In such cases, you should use an update operation such as
updateOne () or updateMany () to modify only the necessary fields.

Listing 4.11 shows how to modify the structure of a document in MongoDB’s routes
collection with the replaceone () method, replacing a document that matches the spe-
cific filter { "airline.id": 412, "src_airport": "CDG", "dst_airport": "JFK" }
with a new document structure.

Listing 4.11 Replacing a document in MongoDB

db.routes.replaceOne (
{ "airline.id": 412, "src airport": "CDG", "dst airport": "JFK" },

{

flight info: { airline: "Air France", flight number: "AF 007" },
route: { from: "CDG", to: "JFK" },

aircraft: "Boeing 777",

status: "Scheduled"

}

{ upsert: true }

If upsert is set to true and no documents match the filter, replaceOne () creates a new
document based on the replacement document.

To verify the replaceone () method you just executed, use a filter that specifically
targets key fields that were part of the updated document structure. The reason to use a
different filter, such as {aircraft: "Boeing 777", status: "Scheduled"}, rather than
the one used in the replaceone method is to ensure that the new document structure is
reflected correctly in the database:

db.routes.find ({"aircraft": "Boeing 777", "status": "Scheduled"})
[
{

_id: ObjectId('66la252acf6203ef2aldb279'),

flight info: { airline: 'Air France', flight number: 'AF 007' },
route: { from: 'CDG', to: 'JFK' },

aircraft: 'Boeing 777',
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status: 'Scheduled’

When using the replaceone () method in MongoDB, you replace the entire docu-
ment except for the _id field, which is immutable. The replacement document may
have different fields from the original document. If the _id field is included in the
replacement document, it must match the current value of _id in the document being
replaced. If _id is omitted, MongoDB retains the original _id of the document auto-
matically, ensuring continuity of the document’s identity even as its content changes
completely.

NOTE If a different _id is supplied, the replacement operation will fail.
MongoDB enforces the immutability of the _id field, and any attempt to
change it will result in an error.

TIP  Avoid replacing the entire document when you’re updating only a few
fields. Replacing a whole document to update one or two fields can cause scal-
ability problems. As documents grow, sending entire documents across the
network leads to unnecessary traffic and bloats the oplog. Using update0ne ()
with operators like $set is more efficient for updating specific fields than using

replaceOne () is.

Reading documents

The find() method in MongoDB executes queries. It retrieves a selection of doc-
uments from a collection, which can range from none to all documents within the
collection. It accepts an optional filter parameter that specifies which documents to
retrieve. If you don’t provide a filter, all documents in the collection are returned.

To fetch all documents from the sample training.routes collection without any
specific query filter, you can run the following command in mongosh:

use sample_training
db.routes.find()

This command is equivalent to the following SQL statement, retrieving all documents

from the routes collection:

SELECT * FROM routes

To find documents that meet a specific equality condition, include the condition as a
<field>:<value> pair in the query filter document.

To find all documents in which src_airport equals 'LHR', run the command with
the following filter:
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db.routes.find({ src airport: 'LHR' })

The find command returns all routes departing from Heathrow and is equivalent to
the following SQL statement:

SELECT * FROM routes WHERE src_airport = 'LHR'

It returns all documents from the routes collection where the source airportis 'LHR'.

When the £ind () method is called, it returns a cursor that points to the resulting
documents rather than to the documents themselves. This cursor can be iterated
automatically, but it also allows manual control if necessary. By returning a cursor, the
design optimizes memory use because it fetches data on demand rather than loading
everything into memory at the same time. This lazy loading improves performance,
especially when you're working with large data sets, and provides greater flexibility in
how applications handle the query results.

TIP When you execute db.collection.find() in mongosh, it automatically
iterates the cursor to display up to the first 20 documents. To continue viewing
more documents, you can type it to iterate further.

In version 8.0, MongoDB introduces the defaultMaxTimeMs. This parameter enables
you to specify a default time limit in milliseconds for individual read operations to
complete. To set defaultMaxTimeMs for your deployment, run the following command
on the admin database, replacing sooo with the desired time limit in milliseconds:

db . adminCommand (

{

setClusterParameter:
defaultMaxTimeMS: { readOperations: 5000 }
// Example value: 5000 milliseconds (5 seconds)

}
1

To view the current value for defaultMaxTimeMs, run the following command on the
admin database:

db.adminCommand ( { getClusterParameter: "defaultMaxTimeMS" } )

By default, defaultMaxTimeMS.readOperations is 0, meaning that no default query
timeout is set. If no default query timeout is set, the query runs until it returns a result
or fails. If a query exceeds the set time limit, it terminates, and an error is returned,
indicating that the operation exceeded the maximum time limit.

Using logical operators

Listing 4.12 demonstrates using a compound query to retrieve routes from the routes
collection in which Charles de Gaulle is the source airport, along with other specified
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criteria. A compound query combines multiple conditions using logical operators such
as AND and OR to filter the results more precisely. This query finds routes for which the
source airport is "cDG" and the destination airport is "JFK".

Listing 4.12 Using logical operators

db.routes.find ({ "src airport": "CDG", "dst airport": "JFK" })

TIP In MongoDB, a comma-separated list of expressions implicitly acts as an
AND operation.

You can use the sor operator in a compound query to combine conditions with a logi-
cal or. This allows the query to select documents that meet at least one of the specified
conditions. Here’s an example:

db.routes.find ({
Sor: [
{ "src airport": "CDG" },
{ "dst_airport": "JFK" }

3]

This query checks for documents in which the source airportis CDG or the destination
airport is JFK, retrieving any that match either condition.

You can use logical operators for more complex queries and combine them with
query selectors to refine your search criteria. In the following query, the sor operator
specifies conditions on different fields, enhancing the specificity of the database search:

db.routes.find ({
Sor: [
{ "src airport": "CDG", "airline.name": { $%ne: 'American Airlines' } },
// Routes from CDG not operated by American Airlines
{ "dst_airport": "JFK", "airplane": { $ne: '777' } }
// Routes to JFK not using a 777 airplane
1
b

This query filters for routes departing from CDG that are not operated by American
Airlines or that are arriving at JFK not on a Boeing 777, targeting more specific travel
options. Table 4.3 presents MongoDB’s logical operators.

Table 4.3 Logical operators for querying documents

Name Description

$and Combines query clauses with a logical AND to return documents that
match both conditions

Snot Inverts the query expression’s effect, returning documents that do not
match the expression
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Table 4.3 Logical operators for querying documents (continued)

Name Description

Snor Combines query clauses with a logical NOR to return documents that fail
to match both clauses

Sor Combines query clauses with a logical OR to return documents that
match the conditions of either clause

Using comparison operators

The following listing shows how to use £ind () with the query operators within a query
filter document to conduct intricate comparisons and evaluations. If you want to find
documents in which src_airport is ‘MUC’, ‘JFK’, ‘LHR’, or ‘DFW’, use the $in operator.

Listing 4.13 Using the $in and $nin operators

db.routes.find({ src_airport: { $in: ['MUC', 'JFK', 'LHR', 'DFW'] } })

Similarly, you can exclude documents for those airports by using the $nin operator.
Here’s how you can write the query:

db.routes.find ({ src_airport: { $nin: ['MUC', 'JFK', 'LHR', 'DFW'] } })

To further expand on the use of query operators for fine-tuned filtering in MongoDB,
the $not operator negates a condition. Here’s how you can implement the $not oper-
ator in a query:

db.routes.find ({ "airplane": { $not: { $regex: '*7' } } })

In this query, the $not operator is used with $regex (explained in section 4.7) to
exclude all routes in which the airplane model starts with '7'. This typically includes
models such as 737, 747, and 777, commonly used by various airlines. This kind of
query is beneficial when you want to filter out a series of similar entries based on a pat-
tern in one of the fields, providing a clearer demonstration of the power and flexibility
of using $not for pattern negation in MongoDB queries. Table 4.4 presents the avail-
able query selectors in MongoDB.

Table 4.4 Query selectors for document comparison

Name Description

Seq ‘ Finds values that match a specified value
Sgt ‘ Finds values that are greater than a specified value
Sgte Finds values that are greater than or equal to a specified value

Sin ‘ Finds matches for any of the values specified in an array
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Table 4.4 Query selectors for document comparison (continued)

Name Description

$lt ‘ Finds values that are less than a specified value

Slte ‘ Finds values that are less than or equal to a specified value
Sne ‘ Finds all values that are not equal to a specified value
Snin ‘ Finds no matches among the values specified in an array

In a compound query, you can establish conditions for several fields in the documents
of a collection. Typically, these conditions are linked through a logical AND, meaning
that the query selects only documents that satisfy all specified criteria.

Working with projections

To control which fields are returned in the matching documents from a MongoDB
query, you can use projections to specify exactly which fields should be included in
or excluded from the result set. Projections allows you to tailor the query results by
selectively retrieving only the necessary fields, thereby optimizing data retrieval and
reducing network overhead.

Let’s look at a couple of examples. To retrieve only the airline name, source airport,
and destination airport from the routes collection, you can specify a projection that
includes these fields, as shown in the next listing.

Listing 4.14 Using projection

db.routes.find(

{1,

{ "airline.name": 1, "src_airport": 1, "dst_airport": 1, " _id": 0 }

Here, the first parameter of the find method means that no filtering criteria are
applied, so all documents are considered.

The second parameter of the find method, { "airline.name": 1, "src_airport":
1, "dst_airport": 1, "_id": 0 }, specifies the projection. Setting the value to 1 for a
specific field tells MongoDB to return this field for each document that matches the
query.

On the other hand, settingitto 0 (asin _id: 0) indicates that the specified field (in
this case, _id, which is included by defaultin all MongoDB documents as a unique iden-
tifier) should be excluded from the query results. Setting the value to o tells MongoDB
not to return this field. This setting is useful when the unique identifier is not needed in
the output, simplifying the data returned.

TIP Although it is common to use 1 or 0 to include or exclude fields, using
true or false is also possible and serves the same purpose.
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If you want to exclude certain fields from the results, such as codeshare and stops, use
a projection that sets these fields to o:

db.routes.find/(

{1

{ "codeshare": 0, "stops": 0 }

This projection excludes the codeshare and stops fields from the results by setting
them to 0. These specific fields aren’t included in the output documents returned
by the query. Other fields, including the default _id field, are included in the results
unless they are explicitly excluded.

Searching for null values and absent fields

Different query operators in MongoDB treat null values differently, offering various
approaches to handle the presence or absence of data in a collection. Understanding
these differences is crucial for querying documents effectively, especially when you’re
dealing with incomplete or optional fields. Let’s look at a few examples of executing
queries in mongosh.

QUERYING FOR NULL OR MISSING FIELDS

To find documents in which a specific field, like codeshare, is explicitly null or does
not exist in the routes collection, run

db.routes.find ({
"codeshare": null

}

This query returns documents in which the codeshare field is present and its value is
null Ormissing.
QUERYING FOR NON-NULL AND EXISTING FIELDS

To find documents in which a codeshare field exists and is not null, run

db.routes.find ({
"codeshare": { $ne: null, S$Sexists: true }

)

This query returns all documents in which the codeshare field exists and its value is
notnull.
QUERYING FOR FIELDS THAT DO NOT EXIST

To find documents that do not contain a specific field, such as codeshare, run

db.routes.find ({
"codeshare": { $exists: false }

1
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This query returns documents in which the codeshare field does not exist.

QUERY USING TYPE CHECK FOR NULL

To find documents in which a field, like codeshare, contains a null value, meaning
that its value is stored as BSON Type Null (type 10), differentiating it from nonexis-
tence, run

db.routes.find ({ codeshare: { $type: "null" } })

This query returns documents in which the codeshare field has the BSON Type Null.
Table 4.5 lists the available MongoDB element operators.

Table 4.5 Element operators

Name Description

Sexists ‘ Filters documents based on the presence of the specified field

Stype ‘ Chooses documents based on the type of a specified field

Performing regular-expression searches

The $regex operator in MongoDB enables you to perform regular-expression searches,
pattern-matching strings within queries. To use $regex, you can structure your query
in one of the following ways:

{field: {$regex: /pattern/, $options: 'options'}}
{rfield": {"$regex": "pattern", "Soptions": "options"}}
{field: {$regex: /pattern/options}}

Available options for additional operators are
i—~Case insensitivity
m—Multiline matching, treating start (*) and end ($) anchors to match line
beginnings and endings
x—Extended regex to ignore whitespace within the regex pattern
s—Allows the dot (.) to match newline characters
u—Unicode support, though redundant, as MongoDB’s $regex defaults to Uni-

code Transformation Format (UTF)

Suppose that you want to find all routes within the routes collection that are operated
by airlines with Air in their names, irrespective of case sensitivity. You can accomplish
this by executing the following MongoDB query:

db.routes.find ({
"airline.name": {$regex: "air", Soptions: "i"}

)
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This query matches any airline name that includes "Air", such as "Air France", "Air
Burkina", "Helvetic Airways", Or "American Airlines".

Or maybe you need to identify all routes departing from airports whose codes start
with B or c. This query is particularly useful for conducting regional analysis or manag-
ing routes in certain geographic areas:

db.routes.find ({
"src_airport": { Sregex: "“[BC]", Soptions: "i" }

)

This query uses a regular expression to find routes in which the source airport codes
begin with B or ¢, such as Bko for Ouagadougou Airport and Cek for Chelyabinsk
Airport.

Suppose that you're tasked with analyzing flight routes to international airports,
often distinguished by a three-letter code ending in x (such as LAX and PHX). These
airports tend to be large and usually are situated in major cities. To streamline your
analysis, you decide to use the $regex operator to identify all routes heading to these
prominent airports. Here’s how you can structure your query:

db.routes.find ({
"dst airport": { Sregex: "X$", Soptions: "i" }
// Matches destination airport codes ending with 'X'

3]

This query checks for destination airport codes that end with X, using $regex with
the pattern "x$", where $ signifies the end of the string. This ensures that only air-
port codes ending in X are matched regardless of case due to the "i" option for case
insensitivity.

These examples demonstrate the flexibility of the $regex operator in querying text
fields within MongoDB documents, enabling sophisticated pattern matching and filter-
ing based on specific conditions.

TIP MongoDB provides an enhanced full-text search solution called Atlas
Search (described in part 2), which includes its own $regex operator. From
MongoDB version 8.0, full-text search is also available in MongoDB Commu-
nity Edition.

Querying arrays

In this section, we use documents with arrays from the customers collection, which
are located in the sample_analytics database. This database was created during the
import of sample data in chapter 2. A sample document from the customers collection
contains the following data:

{

_id: ObjectId('5ca4bbcea2ddd4ee58162a68"'),
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accounts: [ 371138, 324287, 276528, 332179, 422649, 387979 1,
tier and details: {
'0df078£33aa74a2e9696e0520clag828a"' : {
tier: 'Bronze',
id: '0df078f33aa74a2e9696e0520clas828a’',
active: true,
benefits: [ 'sports tickets' ]

b
'699456451cc24£028d2aa99d7534¢c219"': {
tier: 'Bronze',
benefits: [ '24 hour dedicated line', 'concierge services' 1,
active: true,
id: '699456451cc24f028d2aa99d7534c219"'

In MongoDB, you can easily find documents based on the presence of a specific value
within an array by using a simple query. If you want to check whether the accounts
array contains the number 371138, for example, you can use a straightforward query:

db.customers.find ({
accounts: 371138

3]

This query searches for all documents in the customers collection in which the
accounts array includes the account number 371138.

If you want to find a document containing the specific array, such as [371138,
324287, 276528, 332179, 422649, 3879791, the filter must match this array exactly:

db.customers.find ({
accounts: [371138, 324287, 276528, 332179, 422649, 387979]

)

This query returns documents in which the accounts array matches the provided
sequence exactly, including the order of the elements. Butif the query filter is changed
to include only a subset of these numbers

db.customers.find ({
accounts: [371138, 324287, 276528]

)

the revised query doesn’t find any documents unless it finds one whose accounts array
matches the array [371138, 324287, 276528] in that order and with no additional
elements. MongoDB treats arrays in a query for exact matches as requiring the exact
sequence and complete list of elements specified in the query.

If, instead, you want to find documents in which the accounts array contains all the
specified numbers regardless of their order, you can use the $all operator, as shown in
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listing 4.15. This operator allows you to find documents that include all specified ele-
ments but may include other elements and in any order.

Listing 4.15 Using the $a11 operator

db.customers.find ({
accounts: { $all: [371138, 324287, 276528] }

1)

This query returns documents in which the accounts array contains all the numbers
371138, 324287, and 276528, regardless of the order or the presence of additional
numbers in the array. This is useful for more flexible querying when the exact order
and completeness of the sequence are not critical.

To perform a query on the accounts array in the customers collection to find any
account number greater than 300000, use the following example:

db.customers.find ({
accounts: { $gt: 300000 }

3]

This query uses the $gt operator to search for documents in which at least one ele-
ment in the accounts array is greater than 300000. This is a useful way to filter docu-
ments based on conditions applied to individual items within an array.

Use the $elemMatch operator to define multiple conditions for the elements of an
array, ensuring that at least one element within the array meets all these conditions, as
the following listing shows.

Listing 4.16 Using the $elemMatch operator

db.customers.find ({
accounts: { $elemMatch: { $gt: 300000, S$lt: 400000 } }

)

The query searches the customers collection for documents in which at least one
number in the accounts array is greater than 300000 and less than 400000. It uses the
$elemMatch operator to ensure that the specified conditions are met by at least one
element in the array.

If you want to find a particular item in the array, you can do so by indicating its index
using this syntax:

db.customers.find ({
'accounts.1l': 324287

3]

This corresponds to the second item in the array, as array indexes start counting from o.
You can also combine several conditions in a query to find documents that meet all
your criteria. In this example , using . 0 targets the first element of an array:
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db.customers.find ({
"tier and details.0df078f33aa74a2e9696e0520cla828a.active": true,
"accounts.0": { $gte: 300000 }

3]

This query checks for documents in which the account with the key
0df078f33aa74a2e9696e0520c1a828a in the tier_and details map is active and the
firstitem in the accounts array has a value of 300000 or more. In MongoDB, array indi-
ces start at 0, S0 accounts. 0 refers to the first item in the accounts array.

TIP  When you use dot notation to query, enclose both the field and any
nested fields within quotation marks.

You can use the $size operator to query for arrays by number of elements. The follow-
ing listing demonstrates how to do this.

Listing 4.17 Using the $size operator

db.customers.find ({
accounts: { $size: 6 }

3]

The query uses the $size operator to filter and retrieve documents from the customers
collection in which the accounts array field contains exactly six elements. This is
crucial for applications that need to enforce or validate specific array lengths within
document structures.

TIP The $size operator supports only exact matching; it does not allow
range queries or comparison operations directly on the array size.

Table 4.6 shows the array operators available in MongoDB .

Table 4.6 Array operators

Name Description

Sall ‘ Matches arrays containing all elements specified in the query

SelemMatch Selects documents in which elements in the array field match all
specified $elemMatch conditions

Ssize ‘ Selects documents in which the array field has a specified size

Querying embedded/nested documents

MongoDB offers two methods for querying embedded documents. The first method
involves using dot notation to query fields within nested documents. The second
method requires matching the entire embedded or nested document. Let’s discuss
both approaches.
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Recall the appearance of the document from the routes collection that we created
in this chapter and then modified. It looks like this:

[
{

_id: ObjectId('66la252acf6203ef2aldb277"'),
airline: { id: 413, name: 'American Airlines', alias: 'AA',
iata: 'AAL' },
src_airport: 'DFW',
dst_airport: 'LAX',
codeshare: '',
stops: 1,
airplane: '737"',
prices: [
{ class: 'business', price: 2600 },
{ class: 'luxury', price: 4500 }

Querying on a nested field with dot notation

To use the dotnotation approach to find documents containing the airline name
"American Airlines" and airline ID 413, your query should look like the following
listing.

Listing 4.18 Using dot notation

db.routes.find ({"airline.name": "American Airlines", "airline.id": 413})

This query specifically targets documents in which the airline’s name is "American
Airlines" and the airline’s ID is 413. It uses dot notation to access the nested name
and _id fields within the airline object. Dot notation is used because the airline is an
embedded document within the routes collection. By using dot notation, the query
precisely filters for conditions within this nested structure. The approach effectively
narrows the search to entries that match the specified airline criteria exactly, ensuring
more accurate data retrieval.

Suppose that you want to find routes offering tickets priced below 3000. In this sce-
nario, you can use dot notation to target the price field nested within each prices doc-
ument of the route records. Your MongoDB query might look like this:

db.routes.find ({ "prices.price": {$1lt: 3000} })

In this query, prices.class and prices.price with $1t: 3000 directly target the price
field within the prices array, searching for values less than 3000. This pattern is use-
ful for filtering arrays of nested documents based on specific conditions within those
documents.
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TIP When using dot notation in queries, enclose both the field and nested
field in quotation marks.

Matching an embedded/nested document

The second method to query embedded or nested documents in MongoDB involves
matching the entire embedded document exactly. This method uses a query filter in
which you specify the field and the complete nested document as the value.

The following query filter is derived from the airline embedded document. To select
all documents in which the airline field exactly matches { id: 413, name: 'American
Airlines', alias: 'AA', iata: 'AAL' }, your query should be structured like this
listing.

Listing 4.19 Using a nested document

db.routes.find ({
"airline": { "id": 413, "name": "American Airlines",
"alias": "AA", "iata": "AAL" }

)

This query returns documents with an airline embedded document that exactly
matches the provided structure and field order.

WARNING MongoDB cautions against using exact matches for embedded doc-
uments because such queries demand a complete match, down to the order of
fields. If even one field is omitted, removed from the document, or reordered,
the query won’t work. It’s generally better to use the dot-notation approach for
more flexibility and reliability.

Querying an array of embedded documents

If you’re looking to query nested fields in an array without knowing their exact index
position, you can concatenate the name of the array with a dot (.) followed by the
name of the field inside the nested documents:

db.routes.find ({
"prices.price": { $gte: 1000 }

3]

The query searches the routes collection for documents in which any price field
within the prices array is greater than or equal to 1000. It uses dot notation to access
the price field across all elements in the array without specifying their indices, allow-
ing the query to evaluate every object in the prices array.

The following example selects all documents in which the first elementin the prices
array meets a specific condition on the price field. This query accesses the price field
of the firstitem in the prices array:
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db.routes.find ({
"prices.0.price": { S$Sgte: 650 }

)

In the query, the .0 in prices.0.price indicates that you are specifically targeting the
first element of the prices array and searching for documents in which the price of
this initial class is greater than or equal to 650.

To use the $elemMatch operator to specify multiple criteria on an array of embedded
documents so that at least one embedded document satisfies all the specified criteria,
you can construct a query like this:

db.routes.find ({
prices: {
$elemMatch: {
class: 'business',
price: { $lt: 3000 }
1
}
I3

The query uses the $elemMatch operator to find documents in which at least one ele-
ment of the prices array is a business class with a price below 3000. This operator
ensures that the specified conditions are met in the same array item.

Sorting, skipping, and limiting

In MongoDB, you can use the sort, skip, and limit operations to manage and navi-
gate query results efficiently. These operations are crucial for handling large data sets,
ensuring that data is presented in meaningful order and optimizing data retrieval for
pagination.

The sort operation

The sort operation organizes the documents in the result set according to specified
fields. It can be set to ascending (1) or descending (-1) order. If you want to view flight
routes sorted by the number of stops, you could use

db.routes.find () .sort ({"stops": -1})

This query sorts the routes based on the number of stops in descending order.

The skip operation

The skip operation omits a specified number of documents from the beginning of the
result set. It’s particularly useful for implementing pagination. If you want to skip the
first five routes and start displaying from the sixth, use this query to jump over the first
five documents:

db.routes.find () .skip(5)
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4.10.3 The limit operation

4.11

The limit operation restricts the number of documents returned by the query, ideal
for controlling the size of data returned. To limit the output to 10 routes, use

db.routes.find () .1limit (10)

This query returns only the first 10 documents of the result set.
These operations are often combined to facilitate detailed data retrieval strategies,
especially in applications that require data pagination. The query

db.routes.find () .sort ({"stops": -1}).skip(10).limit (5)

sorts the routes by the number of stops, skips the first 10 sorted routes, and limits the
output to the next 5 routes, effectively providing a means to paginate sorted data.

Deleting documents

The deletion process is straightforward but must be handled with care to avoid remov-
ing unintended data. To delete a single document that matches specific criteria, you
can use the deleteone() method. This method removes the first document that
matches the query. The following listing shows how to delete the route document for
American Airlines flying from DFW to LAX.

Listing 4.20 Using the deleteOne () method

db.routes.deleteOne ({
"airline.id": 413,
"src_airport": "DFW",
"dst_airport": "LAX"

)

This command finds the first document in the routes collection that matches the air-
line ID (413) and the specified route from “DFW" to "LaX" and then removes it from
the collection.

If multiple documents match the same criteria (such as multiple flights on different
days), you could use the deleteMany () method to remove all matching documents at
the same time.

Listing 4.21 Using the deleteMany () method

db.routes.deleteMany ({
"src_airport": "MUC",
"dst_airport": "LAX"

3]

This command removes all documents that fit the specified criteria, which is particu-
larly useful for batch deletions when you’re updating or clearing out specific routes or
flight data.
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It’s worth mentioning the existence of the db.collection.findOneAndDelete ()
method in MongoDB. This method deletes a single document based on specified filter
criteria and returns the deleted document. The method is useful when you need to
delete a document and also retrieve the details of the deleted document. When exe-
cuted, findoneAndDelete () deletes the first document that matches the filter criteria,
influenced by the sort parameter. If no matching document is found, the operation
returns null. This method ensures atomicity on single documents, meaning that the
deletion is fully completed or not performed.

TIP  Always have an up-to-date backup of the database to restore it in case of
loss. The methods for backup and restore are in chapter 21.

When performing delete operations

Be specific with your query criteria to avoid unintentionally deleting more docu-
ments than intended. It's a good practice to use a £ind () query with the same cri-
teria to review which documents will be affected before executing deleteOne () or
deleteMany ().

Consider implementing logical deletes (using a status field to mark documents as
inactive) instead of physical deletes for critical data that may need to be retained or
audited later.

4.12 Using bulkWrite()

MongoDB enables you to perform write operations in bulk. The bulkwrite () method
allows you to perform bulk insert, update, and delete operations. Bulk-write opera-
tions in MongoDB are either ordered or unordered:

In ordered operations, MongoDB processes the operations sequentially. If an
error arises during the execution of any write operation, MongoDB halts further
processing of subsequent write operations in the list.

When dealing with an unordered list of operations, MongoDB has the potential
to execute these operations in parallel, although this behavior isn’t assured. If an
error emerges during the processing of a write operation, MongoDB persists in
processing the remaining write operations in the list.

Executing an ordered list of operations on a sharded collection typically incurs slower
performance compared with executing an unordered list because with an ordered list,
each operation must wait for the preceding operation to complete.

By default, the bulkwrite () function conducts operations in an ordered manner.
To designate unordered write operations, you can set ordered: false in the options
document.
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bulkWrite () supports the following write operations:

insertOne
updateOne
updateMany
replaceOne
deleteOne

deleteMany

Each write operation is passed to bulkWrite () as a documentin an array.

With the release of MongoDB 8.0, the new bulkWrite command allows you to per-
form multiple insert, update, and delete operations on various collections in a single
request. The existing db.collection.bulkWrite () method is limited to modifying
only one collection per request.

Following is an example of the bulkWrite command. To specify each collection in
the command, use a namespace (database and collection name).

Listing 4.22 Syntax of the bulkwWrite command in MongoDB 8.0

db . adminCommand ( {
bulkWrite: 1,
ops: [
// Insert operation for sample training.routes
{
insert: O,
document: {
airline: { id: 413, name: 'American Airlines',
alias: 'AA', iata: 'AAL' },
src_airport: 'DFW',
dst_airport: 'LAX',
codeshare: '',
stops: 0,
airplane: '737"'

// Insert operation for sample analytics.customers

insert: 1,
document: {
accounts: [371138, 324287],
tier_and_details: {
10df078£33aa74a2e9696e0520clag828a': {
tier: 'Bronze',
id: '0df078f33aa74a2e9696e0520cla828a"',
active: true,
benefits: ['sports tickets']
1
'699456451cc24£028d2aa99d7534c219': {
tier: 'Bronze',
benefits: ['24 hour dedicated line'],
active: true,
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id: '699456451cc24£028d2aa99d7534c219!

}
1.,
nsInfo: [
{ ns: "sample training.routes" }, // Namespace for routes collection
{ ns: "sample analytics.customers" }
// Namespace for customers collection
1
I3

In listing 4.22, the bulkWrite command inserts documents into two collections,
sample training.routes and sample analytics.customers, as specﬂied in the
nsInfo array. This demonstrates how bulkwrite can handle operations across multiple
collections in a single request.

Understanding cursors

Read operations that retrieve multiple documents do not directly provide all docu-
ments matching the query at the same time. Because a query may match a large num-
ber of documents, these operations yield a cursor. This cursor points to the documents
that meet the query criteria and retrieves documents in batches, which helps minimize
memory use and network bandwidth. Cursors are versatile, can be finely tuned, and
support various methods of interaction to suit different scenarios. The £ind () method
directly returns a cursor.

You can use a variety of cursor paradigms to retrieve data. Most of these paradigms
enable you to access the results of a query one document at a time, effectively hiding the
complexities of network and caching operations. Different use cases require different
access methods, however, and some paradigms call for collecting all matching docu-
ments directly in process memory.

To start with cursors, you typically execute a query like db.routes.£find (), which
returns a cursor. The cursor does not immediately return all documents; it allows you to
fetch the documents in batches. You can store this cursor in a variable:

const cursorVariable = db.routes.find()

Then you can use the cursor to iterate over the documents as needed.

Using manual iteration

In mongosh, you can iterate over query results manually by defining a function that uses
a cursor to fetch documents one by one. This method gives you fine-grained control
over the iteration process, allowing you to perform additional operations between doc-
ument retrievals. Here’s an example:

async function manuallIteration/() {
const cursorVariable = db.routes.find()
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// Loop while there are documents available in the cursor
while (await cursorVariable.hasNext ()) {
// Log each document to the console as it's fetched
console.log(await cursorVariable.next ())

}
}

// Call the function to perform the iteration
manualIteration ()

The manualIteration function uses the hasNext () method, which returns true if
additional documents are available in the cursor. The next () method retrieves the
next document in the sequence.

Returning an array of all documents

Using the toArray () method, you can fetch all documents matched by a query into
memory at the same time. This method is straightforward, but you should use it with
caution on large data sets due to potential memory constraints:

async function fetchAllDocuments () {
// Create a cursor for all documents in the 'routes' collection
const cursor = db.routes.find({})

// Use toArray to convert the cursor to an array of documents
const allValues = await cursor.toArray ()

// Output all documents to the console
console.log(allValues)

}

// Call the function to execute the fetching process
fetchAllDocuments ()

WARNING Mixing different cursor paradigms, such as using hasNext () and
toArray () together, can lead to unexpected results.

Employing MongoDB Stable API

MongoDB offers a Stable API feature, which ensures that applications maintain consis-
tent behavior despite updates to the MongoDB server. By using the Stable API, you can
specify which version of the MongoDB API your applications are targeting. This specifi-
cation allows MongoDB to handle requests in a way that is compatible with the version of
the API the application expects, thereby avoiding potential incompatibilities that might
arise from updates in the database software. Key features of the Stable API include

API version specification—Defines the apivVersion parameter in database con-
nection settings. This parameter instructs the MongoDB server to adhere to the
specified API version’s protocols and behaviors.
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Backward compatibility—Maintains backward compatibility by preserving the
behavior of older API versions, even as new versions are released. This feature is
essential for legacy applications that rely on specific database behaviors.

Isolation from deprecations—Targets a specific API version so that applications are
insulated from deprecations and removals in newer MongoDB versions, which
might otherwise necessitate code refactoring.

When connecting to a MongoDB server, the driver typically operates with the default
behavior unless specified otherwise. By explicitly setting the apiversion in the connec-
tion settings, developers instruct MongoDB to apply the Stable API, as in this example:

mongosh "mongodb+srv://YOUR_CLUSTER.YOUR HASH.mongodb.net/" \
--apiVersion API_VERSION --username USERNAME --password PASSWD

This setting ensures that all operations performed by the driver adhere to the behav-
iors and functionalities of the specified API version, regardless of any new changes or
deprecations in the latest MongoDB server versions.

Currently, API version 1 is the only supported version. Table 4.7 lists the commands
you can use with this version.

Table 4.7 Commands available with Stable API

Command Stable API version Added to s table API
version(s)
abortTransaction 1 MongoDB 5.0
Aggregate (with limits) 1 MongoDB 5.0
authenticate 1 MongoDB 5.0
collMod 1 MongoDB 5.0
commitTransaction 1 MongoDB 5.0
count 1 MongoDB 6.0, 5.0.9
create (with limits) 1 MongoDB 5.0
createIndexes (with limits) 1 MongoDB 5.0
delete 1 MongoDB 5.0
drop 1 MongoDB 5.0
dropDatabase 1 MongoDB 5.0
dropIndexes 1 MongoDB 5.0
endSessions 1 MongoDB 5.0
explain 1 MongoDB 5.0
find (with limits) 1 MongoDB 5.0
findAndModify 1 MongoDB 5.0
getMore 1 MongoDB 5.0
hello 1 MongoDB 5.0
insert 1 MongoDB 5.0
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Table 4.7 Commands available with Stable API (continued)

Command Stable API version Added to S table API
version(s)
killCursors 1 MongoDB 5.0
listCollections 1 MongoDB 5.0
listDatabases 1 MongoDB 5.0
listIndexes 1 MongoDB 5.0
ping 1 MongoDB 5.0
refreshSessions 1 MongoDB 5.0
update 1 MongoDB 5.0
Summary

insertOne and insertMany enable you to add new documents to MongoDB
databases.

Read operations include advanced query capabilities, allowing for effective data
retrieval through the use of the £ind () method, which supports detailed query
filters and options to precisely define the documents to be retrieved.

Update operations include the updateone and updateMany commands, offering
precise adjustments to existing documents. You can use operators such as $set,
$inc, $push, and $unset, which allow specific modifications to document fields,
ranging from updating existing values to adding elements to arrays.

Remove operations use the deleteOne and deleteMany methods, focusing on
the secure removal of documents while preserving database integrity.

Arrays use operators like $push, $pop, saddToSet, and $pull to efficiently struc-
ture and modify array data within documents. This functionality is crucial for
dynamic data handling and organization in MongoDB.

Starting in MongoDB 8.0, the bulkwWrite command enables multiple insert,
update, and delete operations across several collections in a single request,
unlike the db.collection.bulkWrite () method, which modifies only one col-
lection per request.

Cursors in MongoDB streamline the process of navigating large data sets,
enabling efficient data retrieval by accessing documents one at a time.

The Stable API feature in MongoDB ensures compatibility across server versions
and consistent API behavior.
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This chapter covers

Exploring MongoDB’s flexible schema
capabilities

Understanding principles of effective schema
design

Applying schema design patterns
Implementing schema validation techniques
Recognizing schema design antipatterns

In database management, MongoDB stands out due to its flexible schema nature,
offering a flexible, dynamic approach to data organization. Unlike traditional rela-
tional databases, which require a predefined schema to structure data, MongoDB
allows documents within a collection to have different fields and data types. This
flexible schema not only handles evolving requirements smoothly but also easily
accommodates structured, unstructured, and semistructured data, as each docu-
ment inherently carries its own schema.
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The absence of an explicit schema does not eliminate the need for thoughtful data
modeling. Designing an effective MongoDB schema is crucial for optimizing the perfor-
mance, scalability, and maintainability of applications. Proper schema design involves
understanding the relationships between data entities, considering query patterns that
efficiently support applications, and anticipating how data will evolve. By carefully mod-
eling a schema in MongoDB, you can ensure efficient data retrieval and use the full
potential of the database’s capabilities, ultimately leading to robust, scalable, and effi-
cient applications.

Organizing the MongoDB data model

MongoDB is built to let you adjust your schema on the fly without downtime, making it
highly adaptable as your data needs evolve. I still advise you to design your data model
before deploying at production scale, however, to ensure that your data remains well
organized and performs efficiently. This involves four key steps:

Determine the workload of your application.
Map the relationships among objects in your collections.
Implement design patterns.

Create indexes to optimize query performance. (Chapter 7 describes indexes.)

Suppose that you are designing a schema for an airline route management system,
which is needed for managing and querying flight route data. This application sup-
ports various operations, such as adding new routes, searching existing flight routes,
updating details of specific routes, and retrieving comprehensive information about
specific routes. Understanding these operations will help you tailor the database
schema to meet the system’s needs effectively.

Determining the workload of the application

The initial step in the proposed schema design process is comprehending the workload
your application will handle, focusing on the most common operations it performs. This
understanding enables you to tailor your schema to support these operations efficiently
by using multiple performance optimization strategies—such as optimizing index use,
applying proven schema design patterns, avoiding common antipatterns, and refining
queries—to reduce unnecessary database calls. When considering your application’s
workload, account for both current functionalities and potential expansions.

Construct a table listing the essential queries your application must execute, consid-
ering the following aspects:

Action—The user action that triggers the query

Query type—Whether the query is a read or write operation
Information—The document fields involved in the query
Frequency—How often the query is executed

Priority—The criticality of the query to the application’s functionality
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Table 5.1 presents an example workload for an airline route management system.
It details the user actions that trigger these queries, the type of operation (read or

write), the specific fields involved, their frequency of execution, and their priority.

Table 5.1 The workload necessary for an application

Action Type Information Frequency Priority
Add new Write flight id,airline(id, name,alias, 150 per High
route. iata), src_airport,dst_airport, day

airplane, stops, codeshare
Search flight Read src_airport, dst_airport 22,000 per High
routes. day
Update route Write flight id,src_airport,dst 100 per Medium
details. airport,airline (name,alias, iata) day
Check route Read src_airport,dst_airport,airplane, 40,000 per High
information. stops day

Differentiating between relational and document databases

When designing a schema for a document database like MongoDB, it's important to
understand the differences compared to traditional relational databases. With Mon-
goDB, you have the freedom to add and change the data structure on the fly, which
can make it easier to develop and scale your application because you’re not locked
into an initial design:

Relational databases:

— You must define the schema of the table before inserting data.

— Data from multiple tables often needs to be joined to meet the require-
ments of your application.

— Updating the schema if necessary can be a painful process, involving poten-
tial downtime and complex migrations.

Document databases:
— The schema can evolve as your application’s needs change.

— The flexible data model lets you store data in a way that matches the way
your application accesses it, reducing the need for joins. This approach
improves performance and reduces the strain on your system.

It’s also important to emphasize that in NoSQL databases like MongoDB, the data
model should be designed based on how the data will be displayed and accessed rather
than on how it is logically connected. This shift changes the design paradigm and pat-
tern, focusing more on performance and ease of access than adherence to strict rela-
tional structures.
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Mapping the schema relationship

In the airline route management system, you need to determine the best ways to orga-
nize and access data related to airlines, airports, and flights. Begin understanding the
frequent queries and operations your application manages.

When mapping relations between data entities, three primary types of relationships
are generally used to structure data:

One-to-one relationships—This relationship can exist within a single document or
between two documents, with each document or subdocument corresponding
uniquely.

One-to-many relationships—In this setup, a single document or a specific field
within a document (such as an embedded array) can relate to multiple other
documents or subdocuments. This is common in hierarchical data structures
when one parent document contains multiple child documents or entries.

Many-to-many relationships—You can model this relationship by using arrays of ref-
erences in each related document, allowing multiple documents to be associated
with multiple other documents. This relationship often requires more complex
querying and indexing strategies.

In MongoDB, the preferred strategy for managing related data is embedding it in a
subdocument. Embedding allows your application to retrieve necessary informa-
tion through a single read operation, thus avoiding unnecessary $lookup operations
(described in chapter 6). In some cases, however, using a reference to link to related
data in a different collection may be more appropriate. Follow the steps in the follow-
ing sections to map schema relationships accurately within your database.

IDENTIFYING RELATED DATA IN YOUR SCHEMA

Begin by analyzing how data elements interact. Examine the relationships between air-
lines and their routes, as well as the connections between airports and routes. This
foundational understanding will guide the structuring of your database schema:

Airline-to-routes relationship—One-to-many. Each airline operates multiple routes,
establishing a clear one-to-many relationship.

Airports-to-routes relationship—Many-to-many. Airports serve as both departure
and arrival points for various routes, creating a many-to-many relationship.

CHOOSING WHETHER TO EMBED RELATED DATA OR USE REFERENCES

To determine the best data structuring method for your airline route management sys-
tem, consider the specific scenarios for which embedding or referencing is more ben-
eficial. Embedding stores related data within a single document, which can improve
read performance by retrieving all necessary information in one go when that data is
frequently accessed together. By contrast, referencing links related data stored in sepa-
rate documents through identifiers, reducing duplication and supporting data consis-
tency, though it may require additional queries to fetch all related details:
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Embedding— Airline information can be embedded in route documents when
one airline operates many routes. Embedding airline information in each route
document is advantageous for read performance, as it eliminates the need for
joins when you’re querying routes by airline details. For airlines within routes,
because airline data (such as name and alias) is typically small and frequently
accessed with route information, embedding this data directly in route docu-
ments can reduce read operations.

References—FEach airport serves as the departure and arrival point for multiple
routes, creating a many-to-many relationship. Handling this relationship using
references is effective due to the complex interconnections between airports and
multiple routes. Using references is advantageous, especially given that airport
data, such as facilities and services, can be extensive and infrequently modified.
Also, referencing provides an advantage: detailed airport information may not
be frequently accessed and can be cached if necessary, enhancing performance
and efficiency.

CREATING SAMPLE DOCUMENTS IN COLLECTIONS

Create sample documents as follows:

For the routes collection, embed airline information directly within each doc-
ument. This method improves performance by reducing the queries needed to
retrieve connected data. Although this approach leads to data duplication, it is
manageable because airline information rarely changes, and the additional stor-
age required is not a significant concern. Here’s an example of a document in
the routes collection:

" id": ObjectId("56e9b39b732b6122f877facc"),
"flight id": "FL123",

"airline": {

"id": 410,

"name": "Delta Airlines",

"alias": "2B",

"iata": "ARD"

I
"src_airport": "JFK",
"dst_airport": "LAX",
"codeshare": "",

"stops": O,
"airplane": "ATP"

For airports, use a separate collection to avoid data duplication and simplify
updates to airport information. This separation ensures that changes to airport
details do not affect the routes. Here’s an example document for the airports
collection:
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"_id": "JFK",
"name": "JFK International Airport",
"location": {
"city": "New York",
"country": "USA"
b
"facilities": ["Wi-Fi", "Lounge", "VIP Services"]

This structure organizes the routes collection to provide details for most route-related
queries while maintaining detailed airport information in a separate airports collec-
tion. This approach ensures that the data management strategy is efficient and adheres
to best practices for schema design.

Applying a design pattern

Schema design patterns are structured approaches to refining your data model based
on your application’s specific access patterns. These designs enhance performance
and simplify the schema by optimizing the storage and retrieval of data.

Before applying schema design patterns, you must identify the primary challenges
your schema faces, such as write performance, read performance, or data duplication.
Understanding these challenges helps you select the most beneficial pattern. The
design patterns for an airline route management system are

Subset—Instead of embedding or referencing the full airport document, each
route in the routes collection can store a small subset of key airport informa-
tion—such as the name and location—that is most frequently accessed. This pat-
tern is useful when only a portion of the data is frequently accessed. Applying
this pattern can minimize the sizes of the documents retrieved, enhancing read
performance.

It’s important to realize that this pattern introduces a toll on updates. You may
have to update the routes collection if there are updates to the airport collec-
tion, which can increase maintenance efforts:

" id": ObjectId("56e9b39b732b6122£877fa35"),
"flight id": "FL123",

"airline":
"id": 410,
"name": "Delta Airlines",
"aglias": "2B",
"iata": "ARD"
b
"src_airport": {
"code": "JFK",

"name": "JFK International Airport"

b

"dst_airport": {
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"code": "LAX",

"name": "Los Angeles International Airport"
¥
"airplane": "CR2",
"stops": 0

Computed—Use computed fields in the airports collection to reduce CPU use by
precomputing values at write time. This prevents costly calculations at read time,
optimizing query performance and sparing CPU resources. You can include a
field like total flights, which is computed to reflect the total number of flights
associated with each airport. This approach helps centralize important metrics at
the airport level, facilitating more efficient data management and retrieval. It is
particularly valuable in scenarios in which data requires frequent aggregation or
calculations, enhancing the application’s performance and responsiveness:

"o id": "JFK",
"name": "JFK International Airport",
"location":
"city": "New York",
"country": "USA"
¥
"facilities": ["Wi-Fi", "Lounge", "VIP Services"],

"total flights": 3500 // Computed field representing the
total number of flights from/to this airport

}

By applying these schema design patterns effectively, you can ensure that your flight data
management system achieves enhanced performance and reduced complexity, provid-
ing scalable, efficient, and high-performing operations as your data and user base grow.

Embedding vs. referencing

In MongoDB, you have the option to embed related data within a single document or
structure. These schemas are typically referred to as denormalized models, which use
the capabilities of MongoDB’s rich document format. Figure 5.1 shows an example of
embedding.

Embedded data models enable applications to store related data in the same docu-
ment structure. Consequently, applications might perform fewer queries and updates
to carry out routine operations. Consider using embedded data models in the following

cases:

Entities have a “contains” relationship, such as a contacts document that includes
an address.
Entities have a one-to-many relationship in which the many (child) documents
are consistently accessed or displayed within the context of the one (parent)
document.
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{

_id: <ObjectIdl>,
username: "1l23xyz",
contact: {

phone: "123-456-7890", Embedded
email: "xyz@example.com" subdocument

5, Embedded
"dev" subdocument

Figure 5.1 A MongoDB document with embedded subdocuments
for contact information and access details (Image © MongoDB 2024 CC BY-NC-SA 3.0)

Generally, embedding enhances the performance of read operations by allowing the
retrieval of related data in a single database operation. Embedded data models also
enable the updating of related data through a single atomic write operation.

NOTE Embedding large documents or multiple documents may result in
bloated documents with loads of information that is unlikely to be accessed
together, which may end up exceeding the max Binary JSON (BSON) size. In
MongoDB, documents must be smaller than the maximum BSON document
size, which is 16 MB.

In certain situations, it is advisable to store related information in separate documents,
usually in different collections or databases. Generally, opt for normalized data models
in the following scenarios:

The reference entity is frequently accessed on its own.

Embedding could lead to data duplication without offering significant read-
performance benefits that justify the duplication.

You need to represent complex many-to-many relationships accurately.

Figure 5.2 illustrates the use of MongoDB’s object1d () to reference documents in two
collections.

To join collections, MongoDB offers the following aggregation stages, providing
sophisticated methods for integrating data across collections:

$lookup—This stage performs a left outer join to another collection in the same
database, allowing you to combine documents based on a join condition similar
to relational databases.

$graphLookup—Introduced for complex aggregations, this stage facilitates
recursive lookups, enabling the exploration of relationships within data sets that
have a hierarchical or graphlike structure.
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Contact document

{

_id: <ObjectId2>,
—e user id: <ObjectIdl>,
phone: "123-456-7890",

email: "xyz@example.com"
User document

{

_id: <ObjectIdl>,

username: "1l23xyz",

{

Access document

{
~id: <ObjectId3>,
e user id: <ObjectIdl>,

level: 5,
group: "dev"

Figure 5.2 MongoDB can reference documents between collections. (Image © MongoDB 2024 CC BY-
NC-SA 3.0)

MongoDB applications can relate documents using either of two methods, which cater
to different data management needs:

Manual references—This method involves storing the _id field of one document
in another document as a reference. The application must execute a second
query to fetch the related data. This approach is simple and effective for many
scenarios.

DBRefs—These references link one document to another using the _id field
of the first document, the collection name, and optionally, the database name,
among other fields. DBRefs are particularly useful for referencing documents
spread across multiple collections or databases. Resolving DBRefs requires using
additional queries to retrieve the linked documents, ensuring data consistency
across complex structures.

Consider an example with two collections: routes and airports. Each route doc-
ument may include a reference to an airport document using a DBRef to dynami-
cally represent either the source or the destination airport:

" id": ObjectId("56e9b39b732b6122£877fa35"),
"flight id": "FL123",
"src_airport": {

"Sref": "airports",

"sid": "JFK",

"S$db": "airportData",
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"YourExtraField" : "Can be anything"
1
"airline": "Delta Airlines",
"airplane": "Boeing 737",
"stops": O

DBRefs can contain additional fields beyond the required ones. The order of fields in
the DBRef matters, and you must use the preceding sequence when using a DBRef.

Understanding schema design patterns

Every schema design pattern comes with its own set of use cases and tradeoffs in terms
of data consistency, performance, and complexity. Certain schema design patterns are
geared toward enhancing write performance, for example, whereas others are opti-
mized for better read performance. Figure 5.3 shows various schema design patterns
for different applications.

Approximation V4 N4 N4 N4
Attribute N4 N4 N4
Bucket 7 N

Computed V4 V4 N4 N N4 N4
D t

v y v
Extended

re);:rgnie v/ v/ Vv

Outlier V4 N4 N4

Polymorphic Vv Vv Vv Vv
Preallocated V4 N4

Sch

vé%igﬁzg v/ v/ v v/ v Vv Vv
Subset N4 N4 N4 N

Ti d

- | v | v

Figure 5.3 The suitability of different schema design patterns for various use-case categories. The right pattern
balances data consistency, performance, and complexity. (Image © MongoDB 2024 CC BY-NC-SA 3.0)

The set of rules dictating the exclusive design pattern for any particular application
type is flexible. Focus on patterns commonly associated with your specific use case, but
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don’t disregard alternative ones that might be relevant. Tailor your application’s data
schema to fit your unique data access patterns. Next, we’ll examine the schema design
patterns shown in figure 5.3.

Approximation pattern

The Approximation pattern is particularly valuable when data changes frequently and
precise calculations are not required. Estimating values instead of computing them
exactly each time can improve efficiency and reduce write-intensive operations. A com-
mon example is tracking page views on a website. Instead of updating the view count in
the database with every page load, which can be highly write-intensive, the application
can estimate this number using techniques such as sampling. Because precise tracking
of every single view is not always necessary, updates can be aggregated and written to
the database at fixed intervals, such as every X minutes or hours, significantly reducing
the write workload by replacing thousands of updates with a much smaller number of
batched writes. This method reduces the strain on database resources by lessening the
frequency of write operations, making it ideal for high-traffic environments in which
exact counts are less critical than overall trends. The following document illustrates
how estimated values can be stored to reduce the frequency of database writes when
tracking page views:

{
"page id": "12345",
"estimated views": 1500,
"sampling rate": 0.05,
"last_updated": "2024-04-20T12:00:002Z"
// This document estimates page views to reduce database writes.

Advantages of the Approximation pattern are

Reduces databases write operations

Maintains statistically valid figures
Disadvantages of the Approximation pattern are

Does not represent precise numbers

Requires applications to implement the pattern

Archive pattern

The Archive pattern is useful for managing large volumes of data; it separates active
data from historical data that does not need to be accessed frequently, improving the
performance and manageability of the database by reducing the size of the collection.
The pattern involves moving older data to a separate collection or an external storage
solution. One of the most common approaches is archiving documents to blob stor-
age like Amazon S3, which is cheap. This reduces the load on the primary collection,
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decreases index sizes, and improves query performance by ensuring that frequently
accessed data remains efficiently searchable. Consider an application that logs user
activities:

"log_id": "abcl23",

"user_id": "98765",

"activity": "login",

"timestamp": ISODate("2024-05-12T10:00:002"),
"status": "active"

The logs collection records all activities, but over time, old logs can be archived to
keep the active collection performant. Typically, only logs from the past 30 to 90 days
are actively used for troubleshooting, auditing, or compliance purposes. Logs older
than this period become less relevant and can be moved to an archive to reduce the
size of the active collection.

Advantages of the Archive pattern are

Active collections remain small and performant by offloading older data.

Archived data can be stored in less expensive storage solutions, reducing overall
costs.

Index sizes are reduced.

TIP MongoDB Atlas Online Archive can be useful for implementing the
Archive pattern, helping you manage infrequently accessed data by moving it
to a more cost-effective storage solution automatically while maintaining access
for queries when necessary. Read more about Online Archive in chapter 17.

Attribute pattern

The Attribute pattern is useful when you are handling documents that have many sim-
ilar fields and a subset of fields is rare, appearing in only a few documents (such as spe-
cific products on an e-commerce site). To sort or query these specific fields efficiently,
use indexing (chapter 7). This involves creating an array of objects, each of which con-
tains two attributes—a key and a value—enabling the construction of efficient indices
for these unique fields.

Let’s see how the document structure looks before we apply the Attribute pattern.
Rare attributes are stored as separate fields, leading to a schema with many nul1l values
for attributes that are not relevant to most products:

{
"product_id": "98765",
"mame": "Laptop",
"price": 1200,
"in stock": true,
"special offer": "10% off",
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"warranty years": 3,
"processor_generation": null,
"custom_rgb_ lighting": null,
"touchscreen support": null,
"military grade_certification": null

When you apply the Attribute pattern, rare attributes are stored as an array of key—
value objects, making the document structure more flexible and reducing the need for
multiple indexes. This approach helps you manage attributes that appear infrequently
across documents without inflating the schema:

{
"product_id": "98765",
"common attributes": {
"name": "Laptop",
"price": 1200,
"in_stock": true
}
"rare attributes": [
{"key": "special offer", "value": "10% off"},
{"key": "warranty years", "value": 3},
{"key": "processor generation", "value": "13th Gen"},
{"key": "custom rgb lighting", "value": true},
{"key": "touchscreen support", "value": false},
{"key": "military grade certification", "value": "MIL-STD-810G"}
1
1

Advantages of the Attribute pattern are

Areduced number of required indexes

Simplified query writing and generally faster query execution

Bucket pattern

The Bucket pattern is effective for managing streams of documents that generate large
volumes of time-series or event-driven data, such as sensor readings. Before you apply
the Bucket pattern, store each sensor reading as an individual document, leading to
many small documents. The structure might look like this:

{
"sensor_id": "abcl23",
"timestamp": ISODate("2024-04-20T08:00:00Z"),
"value": 22.5
1
{
"sensor_ id": "abcl23",

"timestamp": ISODate ("2024-04-20T08:05:00Z"),
"value": 22.7
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{

"sensor id": "abcl23",
"timestamp": ISODate("2024-04-20T08:10:00Z"),
"value": 22.9

To manage this structure, you can segment data based on a specific value, such as a day,
creating buckets of data. In the case of sensor readings, you might create one docu-
ment for every 100 readings or one document per day, storing all relevant data within
these documents:

"sensor id": "abcl23",

"date": "2024-04-20",

"readings": [
{"time": "08:00", "value": 22.5},
{"time": "08:05", "value": 22.7},
{"time": "08:10", "value": 22.9}

]

// Grouping sensor readings by day to manage large data volumes.

Advantages of the Bucket pattern are

Decreases the total count of documents within a collection
Enhances the performance of indexes

Facilitates easier access to data by using preaggregation

TIP Time-series collections automatically implement the Bucket pattern,
making them suitable for most applications that require time-series data to be
organized in buckets.

Computed pattern

If reads occur more frequently than writes, it’s efficient to precompute certain data. In
an online store, for example, each product might have user ratings. Instead of calcu-
lating the average rating each time a product page is accessed, you could compute the
average when new ratings are submitted and stored with the product details. This way,
the stored average is displayed quickly, enhancing performance, especially when prod-
uct views significantly outnumber rating updates. Ratings can be updated individually
as they come in or in batches if slight delays are acceptable:

{

"product_id": "321",
"product_name": "Wireless Headphones",
"ratings": [

5, 4, 5, 3, 4
1,

"average rating": 4.2,
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// Average rating is pre-computed whenever new ratings are added.

}

Advantages of the Computed pattern are

Decreases CPU use by reducing the need for repeated calculations

Simplifies query writing and generally speeds query execution

Document Versioning pattern

To manage the retention of past document versions in MongoDB, the Document Ver-
sioning pattern is a functional approach. Use this pattern when you need to maintain
historical versions of documents for purposes such as auditing, rollback, or analysis.
It involves storing each update as a separate document version, enabling full history
tracking without altering the original data:

"document id": "456",
"version": 3,
"content": "Latest content here.",

"previous versions": [

{

"version": 2,
"content": "Older content here.",
“date_modified“: "2023-12-01"

"version": 1,
"content": "Original content here.",
"date modified": "2023-11-01"

}
1,

// Each document update is stored as a new version,
maintaining a history of changes.

Advantages of the Document Versioning pattern are

Simple to integrate
Applicable to new and existing systems

Performance-effective queries for the latest document version

Disadvantages of the Document Versioning pattern are

Requires twice as many write operations

Extended Reference pattern

The Extended Reference pattern avoids repetitive joins by embedding key data from
the referenced collection, such as user data (names, email addresses, roles, and so on),
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directly in posts to reduce database load. This method is effective if such data seldom
changes.

It’s important to consider how often duplicated data updates and whether embed-
ding provides sufficient details for front-end display without joins. You can make
updates to duplicated data during the update query or later, in batches:

{

"post_id": "789",

"content": "Check out these new features!",
"user": {

"user_id": "555",

"mame": "Alex",

"email": alex@example.com,

"role": "admin"

b

// User details are embedded in the post to avoid joins and
improve read performance.
"timestamp": "2024-04-20T15:00:002"

Advantages of the Extended Reference pattern are
Improved performance when alot of J0IN operations occur
Faster reads and fewer overall 70INs

Disadvantages of the Extended Reference pattern are

Data duplication

Outlier pattern

The Outlier pattern manages documents that significantly differ from the norm,
ensuring that they do not hinder the performance of standard queries. If a document
in a collection contains a far larger array than is typical, for example, you might choose
to store it in a separate collection or apply specific indexing strategies to it.

This approach prevents such documents from affecting query performance on the
rest of the documents, maintaining system responsiveness and efficiency. Consider a
sensor data schema where documents typically contain a small array of readings:

{

"sensor_ id": "xyz987",
"readings": [
{"time": "09:00", "value": 19.5},
{"time": "09:05", "value": 19.7}
1,
"date": "2024-04-20"

Occasionally, a sensor might generate a significantly larger number of readings, cre-
ating a performance bottleneck. In such cases, you could identify a threshold for an
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outlier document (such as a document containing more than 1,000 readings) and
store any readings beyond this threshold separately. To indicate additional data stor-
age, you can include a Boolean field:

{

"sensor id": "xyz987",

"readings": [
{"time": "09:00", "value": 19.5},
{"time": "09:05", "value": 19.7}

// up to threshold
1,

"has extra readings": true,
"date": "2024-04-20"

The additional readings are stored in a separate collection, clearly linked to the origi-
nal document:

"sensor id": "xyz987",

"date": "2024-04-20",

"extra readings": [
{"time": "09:10", "value": 20.1}
// additional readings...

This approach prevents large volumes of sensor readings from affecting query perfor-
mance on the rest of the documents, maintaining system responsiveness and efficiency.
Advantages of the Outlier pattern are

Prevents a few documents or queries from determining an application’s solution

Focuses on typical use cases while accommodating exceptional scenarios
Disadvantages of the Outlier pattern are

Typically optimized for specific queries, which may result in poor performance
for ad hoc queries

Relies heavily on application code for implementation

Polymorphic pattern

The Polymorphic pattern in MongoDB allows you to store documents with similar but
not identical structures in the same collection, improving query efficiency and reduc-
ing the need for separate collections for each data type. In a sports-tracking applica-
tion, for example, you can store documents for different types of athletes—such as
tennis players and soccer players—in a single collection. Each document type might
have different attributes specific to the sport, but common attributes such as name
and age are maintained. This approach eliminates complex joins and makes querying
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across different sports straightforward, as all athlete documents are in one place. Then
queries can differentiate based on a type field or other sportspecific attributes con-
tained within each document, as in this example:

"athlete_id": "78910",
"type": "tennis player",
"name": "Alice Smith",
"age": 25,
"tennis specific":
"ranking": 15,
"hand": "right"

}

// Tennis specific attributes are stored along with common attributes.

"athlete_id": "78911",

"type": "soccer_player",

"name": "Bob Johnson',

"age": 22,

"soccer specific":
"position": "forward",
"goals_scored": 30

}

// Soccer specific attributes are stored along with common attributes.

Advantages of the Polymorphic pattern are

Queries can be executed within a single collection.

The pattern is easy to implement.

Preallocation pattern

The Preallocation pattern is useful when you already know how your documents will be
structured, but you’ll be filling in the details later. An example application is a yearly
planner for a classroom. At the beginning of the academic year, you can create a docu-
ment for each student, with sections for each month and placeholders for assignment
grades and attendance records. As the year progresses and assignments are graded,
you fill in the predetermined sections with the specific details. Initially, your document
structure could look like this:

"student_id": "12345",

"mame": "John Doe",

"academic_year": "2024",

"monthly records":
"January": {"attendance": [], "grades": []},
"February": {"attendance": [], "grades": []},
// Other months follow the same structure.

}
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// Structure is pre-allocated, details to be filled
in as the year progresses.

As data becomes available, you incrementally update the preallocated fields:

{
"student_id": "12345",
"name": "John Doe",
"academic_year": "2024",
"monthly records": {
"January": {
"attendance": ["2024-01-03", "2024-01-10", "2024-01-17",
"2024-01-24"],
"grades": [90, 85, 88, 92]
1
"February": {
"attendance": ["2024-02-07", "2024-02-14", "2024-02-21"],
"grades": [88, 91, 87]
1
// Additional months filled in similarly.
1
1

This approach streamlines data management by clearly defining the structure in
advance and simplifying subsequent updates.
Advantages of the Preallocation pattern include

Design simplification when the document structure is known in advance
Disadvantages of the Preallocation pattern include

Simplicity versus performance

Schema Versioning pattern

The Schema Versioning pattern uses a schema_version field in documents to manage
different schema versions within the same collection. This field tracks the schema ver-
sion to which each document conforms, starting with version 1 for documents that lack
this field.

Subsequent schema changes increment this version number. Application logic reads
the schema_version to handle documents appropriately based on their version, allow-
ing previous and current versions of documents to coexist in the same collection. This
setup streamlines managing schema updates and maintaining data consistency over
time. The pattern allows previous and current versions of documents to exist side by
side in a collection:

"document id": "456789",
"schema version": 2,
"name": "Product XYZ",
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"price": 199.99,

"new feature": "Improved battery life",

// The schema version field indicates the version of
the schema this document follows.

As the schema evolves further, newer documents may include additional fields, and
their schema_version would reflect these updates:

"document_id": "789012",
"schema version": 3,
"product_details": {

"mame": "Product XYZ Pro",
"price": 249.99,
"features": ["Improved battery life", "Wireless charging",

"OLED display"],
"availability": {
"status": "In stock",
"quantity": 150

}
¥
"warranty period years": 2,
"release date": "2024-05-01"
// schema version indicates the document adheres to the
latest schema with expanded details.

Advantages of the Schema Versioning pattern are

No downtime is needed during schema migration.

Future technical debtis reduced.

Disadvantages of the Schema Versioning pattern include

Two indexes might be needed for the same field during migration.

Subset pattern

The Subset pattern optimizes the size of the working set by storing only the most fre-
quently accessed data directly in the main document and less frequently accessed data
in separate documents. This method reduces the load on the database during com-
mon queries.

In a social network application, for example, you might store only a user’s most
recent posts directly in their main user profile document. Older posts could be stored
in a separate document or collection. This ensures that the user profile loads quickly, as
it contains only the most relevant and recent data. The link between the user’s profile
and their older posts is maintained, allowing for easy access when necessary. Here’s an
example:
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"user_ id": "112233",
"name": "Emily White",
"recent posts": [

{"post_id": "pl00", "content": "Exciting news today!",
"date": "2024-04-18"},

{"post_id": "pl0l", "content": "Loved the weather!",
"date": "2024-04-17"}
1,
"older posts_link": "posts_archive/112233",
// Only recent posts are stored in the main document,
older posts are referenced.

Advantages of the Subset pattern are

The overall size of the working set is reduced.

Disk access time for the most frequently used data is shorter.
Disadvantages of the Subset pattern are

You are required to manage the subset.

Pulling in additional data requires additional trips to the database.

Tree pattern

The Tree pattern in MongoDB represents hierarchical relationships within a single
document. This approach is particularly useful for data structures (such as organiza-
tional charts) in which relationships are defined hierarchically.

Before you use the Tree pattern, hierarchical relationships often require references
or joins between multiple documents, making queries more complex and less efficient.
An employee document before you apply the Tree pattern might store references to
other employee documents separately:

{
"employee id": "2001",
"name": "Alice Johnson",
"position": "Regional Manager",
"reports to_id": "1001",
"direct reports ids": ["2002", "2003"]

// References require joining multiple documents
to resolve relationships.

}

When you use the Tree pattern, hierarchical relationships are encapsulated within a
single document, eliminating the need for joins. A document for an employee might
include a field named reports_to, which is an array containing the names or IDs of
the people to whom they report:

{

"employee id": "2001",
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"name": "Alice Johnson",
"position": "Regional Manager",
"reports to": [

{
"employee id": "1001",
"name": "Sarah Gold"

}
1,
"direct reports": [
{
"employee id": "2002",
"name": "Bob Smith"
¥
{
"employee id": "2003",
"name": "Linda White"

}
]

// Hierarchical relationships are encapsulated within the document.

This pattern simplifies the data model and enhances query performance by keeping
all related information in a single document.
Advantages of the Tree pattern include

Avoiding multiple JOIN operations increases performance.
Disadvantages of the Tree pattern include

Updates to the graph need to be managed in the application.

TIP If you'd like to learn more about MongoDB data modeling, visit
MongoDB University, and take the Schema Design Patterns course at https://
mng.bz/5vQ1, explore the official documentation at https://mng.bz/64XD,
or read the blog post at https://mng.bz/0Z2r.

Schema validations

To prevent unintended schema changes, you can create schema validation rules. In
MongoDB, the schema is flexible, allowing documents within a collection to vary in
terms of fields and data types. After you set up a schema for your application, you can
implement schema validation to prevent unexpected schema modifications and incor-
rect data types.

Schema validation is extremely useful for established applications with well-defined
data structures. Here are some specific examples:

For a users collection, make sure that the password field is stored exclusively as
astring. This validation prevents the possibility that passwords will be saved in an
unexpected format, such as an image.


https://mng.bz/5vQ1
https://mng.bz/5vQ1
https://mng.bz/64XD
https://mng.bz/oZ2r
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For a flight routes collection, validate that the £light_id follows a specific
format (such as "FL" followed by numbers), ensure that airline.id is a positive
integer, and confirm that airport codes in src_airport.code and dst_airport
.code are valid and correspond to actual airports.

For an airport collection, ensure that the total flights field is maintained
as an integer. This validation is important for accurately representing the total
number of flights operating from or arriving at the airport.

Specifying JSON schema validation

The JSON schema is a standard format for defining the structure, data types, and con-
straints of JSON documents. It ensures data consistency and validity by enforcing rules
on the fields stored in a collection.

Let’s look at how to perform schema validation for documents in a routes collec-
tion. You can specify a collections schema validation using the validator object during
the creation of a collection using the db.createCollection () method, as well as to an
existing collection using the col1lMod command.

To modify an existing routes collection to include schema validation, use the
collMod command. Listing 5.1 shows how you can structure this command to imple-
ment the validation rules. To execute this command, permissions such as dbAdmin on
the sample training database or dbAdminAnyDatabase need to be appended,u)the
user’s role. MongoDB roles are discussed in chapter 20.

Listing 5.1 Example schema validator

db . runCommand ( {
collMod: "routes",
validator: {
$jsonSchema: {
bsonType: "object",
required: [
"flight id",
"airline",
"src_airport",
"dst_airport"
1.,
properties: {
flight id: {
bsonType: "string",
pattern: "“FL\\d+S$",
description: "must be a string starting
with 'FL' followed by numbers"
¥
airline: ({
bsonType: "object",
properties:
id: {
bsonType: "int",
minimum: 1,
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description: "must be a positive integer"

}
b
src_airport: {
bsonType: "object",
properties: {
code: {
bsonType: "string",
description: "must be a valid airport code"

}
b
dst_airport: {
bsonType: "object",
properties: {
code:
bsonType: "string",
description: "must be a valid airport code"

1
validationLevel: "moderate",
validationAction: "error"

3]

The $jsonschema operator matches documents that satisfy the specified JSON schema.
The validation rule dictates that documents must include specific fields such as f1ight _
id, airline, src_airport, and dst_airport, with detailed conditions for each.

The validationLevel set to moderate means that this validation applies to new doc-
uments and to updates on existing documents that already comply with the validation
rules. Existing documents that do not match the rules, however, are not required to
pass validation unless they are modified. This approach allows for the gradual enforce-
ment of schema rules without disrupting existing data that may not comply.

The validationAction set to error means that MongoDB will reject any insert or
update operation that does not meet the defined validation rules. If a document fails
validation, the operation is not executed, and an error is returned.

5.4.2 Testing a schema validation rule

Let’s attempt to add an invalid document to the routes collection, to which we recently
added schema validation rules. The following insertone () method tries to insert an
incorrect document into the collection:

db.routes.insertOne ({
flight id: "Xyz123", // flight id should start with "FL"
airline: ({
id: -410, // airline.id must be a positive integer
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name: "Delta Airlines",
alias: "2B",
iata: "ARD"

src_airport: {
code: "JFK",
name: "JFK International Airport"

dst_airport: {
code: "999", // dst_airport.code must be a valid code
name: "Unknown Airport"

¥
airplane: "CR2",
stops: 0
1
MongoDB rejected the document due to validation failures, returning the following
error:
{
"MongoServerError": "Document failed validation",

"Additional information": {
"failingDocumentId": "ObjectId('6624dbcecfe203ef2aldb280')",

"details": {

"operatorName": "$jsonSchema",
"schemaRulesNotSatisfied": [
"operatorName": "properties",
"propertiesNotSatisfied": [
"propertyName": "flight id",
"description": "must be a string starting
with 'FL' followed by numbers",

"details": [
"operatorName": "pattern",
"specifiedAs": {

"pattern": "“FL\\d+$"

"reason": "regular expression did not match",
"consideredvalue": "XYZz123"

]

"propertyName": "airline",

"details": [
"operatorName": "properties",
"propertiesNotSatisfied": [

"propertyName": "id",
"description": "must be a positive integer",

"details": [



5.4.3

Schema validations 117

"operatorName": "minimum",
"specifiedAs": {
"minimum": 1

I
"reason": "comparison failed",
"consideredvalue": -410

The errors occurred because the flight id did not start with "FL" and contained
the incorrect format, and the airline.id was not a positive integer, as required. Con-
sequently, MongoDB returned an error message detailing these validation failures,
including descriptions of the specific schema rules that were not satisfied.

Modifying schema validator behavior

You can specify how MongoDB handles documents that violate validation rules. When
a document operation fails to comply with validation rules, MongoDB can do the
following:

Deny any insert or update operation that breaches the validation rules, which is
the standard setting

Permit the operation while noting the violation within the MongoDB log

Rejecting nonconforming documents helps maintain schema consistency. Nonethe-
less, you might choose to allow invalid documents in some situations, such as during
data migrations involving older documents created before schema definitions were in
place.

validationAction determines how MongoDB handles invalid documents. This set-
ting can be configured to either of the following:

error—This is the default setting. MongoDB will reject any operation that
attempts to insert or update documents in a way that violates the validation rules.
warn—MongoDB allows the operations to proceed, butitlogs a warning message
for any violation. This can be useful for tracking compliance without disrupting
ongoing operations, such as during a gradual schema enforcement phase orin a
development environment.
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When validationAction is set to warn, you can check the MongoDB logs for related
warnings using the following command in the MongoDB Shell (mongosh):

db . adminCommand (
{ getLog:'global'} ).log.forEach(x => { print(x) }

NOTE This example is not available on the free/shared Atlas tier.

Bypassing schema validation

In certain cases, you may have to override a collection’s schema validation rules. When
you’re restoring data from a backup into a collection that is governed by validation
rules, for example, there’s a chance that older documents from the backup won’t com-
ply with the newer validation criteria.

Bypassing schema validation can be managed on a per-operation basis. If you choose
to bypass schema validation when inserting an invalid document, any subsequent
updates to that document must also bypass schema validation or ensure that the docu-
ment meets the existing validation criteria. You can bypass validation using the follow-
ing commands and methods:

findAndModify command
insert command
update command

$out and $merge aggregation stages

Suppose that you want to insert a document that does not comply with schema require-
ments. Perhaps the flight_id does not start with "FL" or the airline.id is less
than 1. Instead of modifying the document to meet the schema criteria, you can bypass
the validation as shown in this example:

db.routes.insertOne (
{
flight_id: "12345", // Does not meet schema requirements
(should start with 'FL')
airline: ({
id: 0, // Does not meet schema requirements
(must be a positive integer)
1
src_airport: {
code: "JFK"
}
dst_airport: {
code: "LAX"
1

}

{ bypassDocumentValidation: true } // Bypasses the schema validation



5.5

Summary 119

The option bypassDocumentValidation: true allows you to insert a document, even
though fields such as £1ight_id and airline.id violate the schema’s rules. By using
this option, you temporarily disable validation for this particular operation.

Bypassing these rules is necessary sometimes, although it carries the risk of intro-
ducing invalid documents into the collection. Various commands, including insert and
update, allow you to bypass these rules. If you want more information about schema
validation in MongoDB, see the official documentation at https://mng.bz/nZNg.

MongoDB schema antipatterns

You should avoid antipatterns when working with MongoDB. Recognizing antipatterns
can help you prevent performance problems and maintain the efficiency of your data-
base. Here are some key antipatterns:

Massive Arrays—Storing large, unbounded arrays in documents can cause ineffi-
cient queries and performance degradation. Break such data into separate col-
lections, or use pagination strategies to manage large data sets more effectively.

Bloated Documentis—Overloading documents with excessive data that is not fre-
quently accessed together can slow read operations. Keep documents lean by
including only data that is commonly accessed together to ensure efficient read
performance.

Massive Number of Collections—Creating too many collections, especially if many
are rarely used, can degrade performance. Consolidate your schema design into
fewer, more efficient collections whenever possible.

Unnecessary Indexes—Maintaining indexes that are rarely used or redundant
consumes memory and can slow write operations. Regularly review and remove
indexes that do not contribute significantly to query performance.

Separating Data Accessed Together—Storing related data in separate documents or
collections can lead to frequent joins and complex queries. Embed related data
in a single document to simplify and speed read operations.

In part 2 of this book, I show you how to identify these problems quickly using the Atlas
Performance Advisor. This tool helps you spot and resolve schema design antipatterns,
ensuring that your database operates efficiently.

Summary

MongoDB’s flexible schema design allows a flexible and dynamic data structure.
Unlike traditional databases that need a fixed schema, MongoDB lets documents
in the same collection have varied fields and types. This adaptability is beneficial
for projects with evolving or unclear data needs.

Although MongoDB is a flexible schema, effective data modeling is still crucial.
Proper MongoDB schema design enhances performance, scalability, and main-
tainability. It requires understanding data relationships, predicting query pat-
terns, and planning for data evolution.
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When designing a schema for MongoDB, it’s crucial to recognize its flexibility
compared with that of traditional relational databases. MongoDB allows dynamic
changes to the data structure, enabling easier development and scalability, and
its data model should be designed based on data access patterns rather than logi-
cal connections, emphasizing flexibility and scalability.

Schema planning involves determining workloads, mapping relationships, and
implementing design patterns that cater to specific application needs.
MongoDB offers various schema design patterns, including Approximation,
Archive, Attribute, Bucket, Computed, Document Versioning, Extended Ref-
erence, Outlier, Pre-allocation, Polymorphic, Schema Versioning, Subset, and
Tree.

Schema validation allows you to set rules for your fields, including permitted data
types and value ranges. When your application schema is defined, schema valida-
tion ensures that there are no unexpected changes or incorrect data types.

After you add schema validation rules to a collection, by default, if an insert or
update operation results in an invalid document, MongoDB rejects the opera-
tion and does not save the document to the collection. Alternatively, you can con-
figure MongoDB to accept invalid documents and log warnings when schema
violations occur.

Bypassing schema validation is required in some cases, though it carries the
potential risk of adding noncompliant documents to the collection. Several
commands—such as insert, findAndModify, and update—provide the bypass-
DocumentValidation: true option, which skips these validation checks when
necessary.

Avoid certain antipatterns when working with MongoDB, including Massive
Arrays, Bloated Documents, Massive Number of Collections, Unnecessary
Indexes, and Separating Data Accessed Together.
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This chapter covers

Exploring the MongoDB aggregation framework
Setting up and using aggregation pipelines
Describing aggregation pipeline stages

Joining MongoDB collections using $1ookup
Using the MongoDB Atlas aggregation pipeline
builder

The MongoDB aggregation framework is a powerful tool for processing and ana-
lyzing data within MongoDB. It allows you to create complex data transformation
and aggregation pipelines to perform operations such as filtering, grouping, and
transforming data efficiently. This framework is essential for extracting meaningful
insights from large data sets, making it a crucial component for developers and data
analysts working with MongoDB. Also, the aggregation framework supports full-text
search and vector search capabilities in MongoDB Atlas.

With the aggregation framework, you can construct multistage pipelines that
process data in a sequence of steps. Each stage performs an operation on the data
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and passes the result to the next stage. This approach allows sophisticated data manip-
ulation and analysis, providing flexibility and performance beyond simple queries.
Whether you need to calculate averages, sum totals, organize data by categories, or gen-
erate reports, the aggregation framework offers the capabilities you need to handle
these tasks effectively. Another benefitis that when a complex transformation is broken
into more manageable parts, the entire process becomes easier to understand, main-
tain, and debug. The framework supports a wide range of operators and expressions,
enabling you to perform complex calculations and transformations.

Understanding the aggregation framework

If you know how a production line works in a factory, the aggregation pipeline will be
quite familiar. In a factory, each station in the production line performs a specific task,
and the product moves from one station to the next. Similarly, in the aggregation pipe-
line, each stage performs a specific operation, and the output of one stage becomes
the input for the next stage:

[ { <stage> }, { <stage> }, { <stage> }, { <stage> }, ... ]

Aggregation operations handle multiple documents and return computed results. You
can use them to do the following:

Generate business reports (rollups, sums, and averages)

Perform full-text search and fuzzy search (chapter 11)

Conduct vector search in data sets (chapter 12)

Present up-to-date business dashboards

Mask sensitive data securely

Join data from different collections on the server

Perform data discovery and wrangling

Conduct large-scale data analysis (big data)

Execute complex real-time queries

Analyze graphs of relationships between records

Perform data transformation in extract, load, transform (ELT) processes

Report data quality and cleansing

Update materialized views with recent data changes

Conduct real-time analytics for user insights
Table 6.1 compares SQL terms, functions, and concepts with the corresponding
MongoDB aggregation operators. If you’re familiar with SQL, this comparison will

help you understand how to use MongoDB’s aggregation framework to perform
similar operations.
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Table 6.1 MongoDB operators for common SQL operations

SQL terms, functions, and concepts MongoDB aggregation operators

WHERE Smatch

GROUP BY Sgroup

HAVING Smatch

SELECT Sproject, $set, Sunset
LIMIT $limit

OFFSET $skip

ORDER BY Ssort

SUM () Ssum

COUNT () Scount, $sum, $sortByCount ()
JOIN Slookup

SELECT INTO NEW TABLE Sout

MERGE INTO TABLE Smerge

UNION ALL SunionWith

Writing an aggregation pipeline

In MongoDB, you can use the db.collection.aggregate () method to execute aggre-
gation pipelines. The documents in the collection remain unchanged unless the pipe-
line specifically includes a $merge or $out stage. These stages are exceptions that can
write the results back to the original collection or to a new collection.

The following listing shows how to use the aggregate method in MongoDB within
the routes collection, using stages such as $match, $group, $sort, and $limit.

Listing 6.1 Executing an aggregation pipeline

db.routes.aggregate ( [
{
$match: { airplane: "CR2" } // Filter documents where the
airplane is "CR2"
I
{

$group: {
_id: "$src airport", // Group by source airport
totalRoutes: { $sum: 1 } // Count the number of routes

from each source

1
¥
{

$sort: { totalRoutes: -1 } // Sort the results by the
number of routes in descending order
b
{

$limit: 5 // Limit the number of displayed
documents to 5
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id: 'DME', totalRoutes: 19 },
id: 'svX', totalRoutes: 17 },
id: 'OVB', totalRoutes: 12 },
id: 'LED', totalRoutes: 11 },
id: 'OMS', totalRoutes: 8 }

[N
|

Within this aggregation pipeline
The $match stage filters documents in the collection in which the airplane type
is “cra2".
The sgroup stage groups the filtered documents based on the source airport
($src_airport), calculating the total number of routes (totalRoutes) from
each distinct source airport using the $sum accumulator operator.
The $sort stage arranges the grouped data based on the total number of routes
in descending order (totalRoutes), helping you identify airports with the high-
est number of routes.
The s$limit stage restricts the number of documents passed to the subsequent
stages or returned to the client, ensuring that only the five airports with the most
routes are included in the output.

Viewing the aggregation pipeline stages

The aggregation pipeline is composed of several distinct stages, each responsible for a
specific data processing task. Combined, these stages enable complex transformations
and analyses. Certain stages in the pipeline are more frequently used due to their versatil-
ity and utility in a wide range of data processing tasks. Here are the most popular stages:

$match—Filters documents to include only those that meet specified conditions

$group—Groups documents by a specified key and applies aggregate functions
such as sum, avg, min, max, and count

$set, Sunset, $project—Reshape each document by adding, removing, or mod-

ifying fields
$sort—Orders documents by specified field(s) in ascending or descending
order

$1limit—Restricts the number of documents passed to the next stage
$skip—Skips a specified number of documents

$unwind—Deconstructs an array field to output a document for each element of
the array

$lookup—Performs a left outer join with another collection to include related
data
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Table 6.2 lists all the aggregation pipeline stages available in MongoDB 8.0. You can
combine and customize these stages to create powerful data transformations and
aggregations tailored to specific application needs. It’s important, however, to adhere
to best practices to ensure optimal performance and maintainability. Here are some
recommended practices:

Place $match early. Position the $match stage at the beginning of the pipeline to
filter out unnecessary documents early, reducing the workload for subsequent
stages and improving performance.

Prefer using $set (or saddFields) and $unset. Rather than using $project for
fields inclusion and exclusion, use $set and $unset. Use $project only when
you need a significantly different document structure and are retaining only a
few fields from the original.

Use indexes for ssort. Ensure that the fields used in the $sort stage are indexed to
speed the sorting process and prevent performance bottlenecks.

Use slimit for efficient data processing. Use the $1imit stage to control the number
of documents processed, reducing memory use and improving query execution
time, particularly in large data sets.

Filter arrays before sunwind. Apply filtering conditions to arrays before using the
$unwind stage to minimize the increase in document count and avoid excessive
processing.

Optimize $1lookup operations. Ensure that the foreign field used in the $lookup
stage is indexed in the joined collection.

Use $addFields sparingly. Apply the saddrields stage judiciously to create or
modify fields, avoiding overly complex expressions that can slow the pipeline.
Streamline your pipeline. Regularly review and optimize your pipeline by remov-
ing unnecessary stages and combining stages wherever possible to streamline
processing.

Monitor pipeline performance. Use MongoDB’s explain () method (chapter 7) and
other performance monitoring tools to analyze and optimize pipeline perfor-
mance, as well as identify and address bottlenecks.

Table 6.2 MongoDB aggregation pipeline stages available in MongoDB 8.0

Stage Description

SaddFields Adds new fields to documents

Sbucket Categorizes documents into buckets

SbucketAuto Groups incoming documents into specified buckets based on an expres-
sion, automatically adjusting boundaries for even distribution

$changeStream Returns a change stream for the collection

SchangeStreamSplit- Splits change-stream events into smaller fragments returned in a change-

LargeEvent stream cursor
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Table 6.2 MongoDB aggregation pipeline stages available in MongoDB 8.0 (continued)

Stage Description

ScollStats Provides statistics on a collection or view

Scount Counts documents at the pipeline stage

$densify Creates new documents in a sequence in which some field values are
missing

Sdocuments Returns documents from input

Sfacet Runs multiple pipelines on the same data set, returning the results as
separate arrays in one document

$fill Fills in empty or missing fields in documents

SgeoNear Filters and sorts documents by distance from a given geographic point

$SgraphLookup Performs a recursive search on a collection, adding a new array field to
each document containing the traversal results

Sgroup Groups input documents by a specified identifier and performs specified
calculations on each group

$indexStats Provides statistics on the use of indexes

$limit Passes the first n documents unchanged to the pipeline, where n is the
specified limit

$listSampledQueries Provides sampled queries for collections

$listSearchIndexes Provides information about existing search indexes

$listSessions Lists active sessions stored in the system. sessions collection

$lookup Executes a left outer join with another collection in the same database,

filtering in documents from the joined collection for further processing

Smatch Filters the document stream, allowing only matching documents to pass
unchanged to the next pipeline stage

$merge Writes the output of the aggregation pipeline to a collection. It can perform
various actions, such as inserting new documents, merging, replacing, or
keeping existing documents based on specified criteria. Smerge must be
the final stage in the pipeline.

Sout Writes the output of the aggregation pipeline to a collection. The $out
stage must be the final stage in the pipeline.

$planCacheStats Plans cache information for a collection

Sproject Restructures each document in the stream, potentially by adding new
fields or removing existing ones

Sredact Restructures each document by limiting its content based on information
stored within the documents themselves

SreplaceRoot Replaces a document with the specified document

SreplaceWith Serves as an alias for the SreplaceRoot stage

$Ssample Randomly selects documents from its input

$search Performs a full-text search

$SsearchMeta Returns various types of metadata-result documents for the search query

on a collection
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Table 6.2 MongoDB aggregation pipeline stages available in MongoDB 8.0 (continued)

Stage Description

$set Adds new fields to documents

SsetWindowFields Adds new fields based on a specified grouping

Sskip Skips the first n documents

Ssort Sorts the document stream based on specified criteria

$sortByCount Groups incoming documents based on a specified expression, computes

the count of documents in each group, and sorts the documents by
descending count

$source Defines which connection from the Connection Registry to stream data
from in a stream processing pipeline

SunionWith Performs a union of two pipelines

Sunset Removes fields from documents

Sunwind Deconstructs an array field in the input documents, creating a document

for each element

SvectorSearch Performs an ANN search on a vector in the specified field of the collection

TIP  MongoDB periodically introduces new stages, so review this table with
each new release.

Using Sset and Sunset instead of Sproject

The primary method for specifying which fields to include in or exclude from Mon-
goDB’s aggregation framework has traditionally been the $project stage. In earlier
versions of MongoDB, this stage was the sole method for defining which fields to
retain or remove. The $project stage presents several significant challenges, however,
including the following:

Nonintuitive use—With $project, you can include or exclude fields in a sin-
gle stage but not both, except for the _id field, which can be excluded while
including other fields. This exception makes $project somewhat confusing and
counterintuitive.

Verboseness and inflexibility—The $project stage tends to be verbose. To add only
one field, you must explicitly list all other fields to include. This requirement
leads to redundant and lengthy code, complicating maintenance and making it
difficult to adapt to changes in the data model.

To address these limitations, MongoDB version 4.2 introduced the $set and $unset
stages, which offer several advantages over $sproject:

Clearer intent—The $set and $unset stages clarify the code’s purpose, making it
immediately apparent whether you are adding, modifying, or removing fields.
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Reduced verboseness—These stages result in more concise and readable pipelines,
as you no longer need to list all fields when modifying only one.

Flexibility—The stages provide greater flexibility, reducing the need for extensive
refactoring when the data model changes.

Scenarios for Sset and Sunset operators

Use the $set and $unset stages when you need to keep most fields in the input docu-
ments unchanged and need to add, update, or remove only a small number of fields.
This scenario is common in most aggregation pipeline operations.

Listing 6.2 shows examples of using the $set and $unset operators. In the first exam-
ple, suppose that you want to exclude the codeshare and stops fields from the output
documents when querying the routes collection, focusing only on the essential infor-
mation about the route and airline.

Listing 6.2 Using the $set and $unset operators

db.routes.aggregate ([

{

Sunset: ["codeshare", "stops"] // Excludes 'codeshare'
and 'stops' fields from the output documents

}
1

In this pipeline, the $unset operator removes specified fields from documents during
aggregation, allowing other fields to pass through unchanged. This operator is more
intuitive for retaining most fields while excluding specific ones, unlike $project,
which includes fields explicitly.

If you want to enhance the documents by adding an isbirect field to indicate
whether a flight is direct (has no stops) and remove the codeshare field, which is not
needed for analysis, run the following pipeline:

db.routes.aggregate ( [

{
$set: |
isDirect: {
Seq: ["S$stops", 0] // Sets 'isDirect' to true
if there are no stops, false otherwise

I
codeshare: "$SREMOVE" // Removes 'codeshare'
within the same stage

}
}
1

The $set operator adds a new isDirect field to each document. It also uses a condi-
tional expression to check whether the stops field is 0. If it is, isDirect is set to true;
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otherwise, it’s set to false. The special variable $$REMOVE deletes the codeshare field
within $set, making it unnecessary in the output.

Scenario for the Sproject operator

The sproject stage is most effective when you need the output documents to have
a significantly different structure from that of the input documents, and you usually
should use it last to specify what fields to return to the client. The following code
demonstrates the $project stage selectively including only the source and destination
airports in the output while omitting the document ID.

Listing 6.3 Using the $project operator

db.routes.aggregate ([

{
$project:
src_airport: 1, // Include the source airport
dst_airport: 1, // Include the destination airport
_id: 0 // Exclude the MongoDB document ID from the output

1)

The s$project stage is well suited to this task because it reshapes the output documents
to contain only the necessary fields: src_airport and dst_airport. This structure sig-
nificantly differs from the structure of the input documents, which contain multiple
additional fields. This approach allows for a focused view of the data, omitting irrelevant
details such as the _id field, which is not needed for specific analysis of airport routes.

Saving the results of aggregation pipelines

MongoDB offers two stages for saving aggregation pipeline results to a collection: $out
and $merge. These stages provide different ways to store and update documents in the
target collection with varying levels of flexibility and control.

THE $OUT STAGE

The $out stage takes the documents returned by the aggregation pipeline and writes
them to a specified collection, with the option to specify the output database. The
$out stage must be the final stage in the pipeline. This operator allows the aggregation
framework to handle result sets of any size.

Listing 6.4 shows an example of using the $out stage during document processing in
the routes collection. The following pipeline filters documents in which the airplane
is "cr2", projects the src_airport and airplane fields, and writes the results to a speci-
fied output database and collection.

Listing 6.4 The aggregation pipeline’s $out stage

db.routes.aggregate ([

{
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$match: { airplane: "CR2" } // Filter documents where the
airplane is "CR2"
¥
{

$project: {
src_airport: 1, // Include the source airport field
airplane: 1 // Include the airplane field

}
}
{

Sout: { db: "output db", coll: "projected routes" }
// Write the results to the specified collection

}
1)

NOTE If the collection specified by the $out operation already exists, the $out
stage atomically replaces the existing collection with the new results collection
when the aggregation is complete.

THE SMERGE STAGE

The $merge stage writes the results of the aggregation pipeline to a specified collection
and must be the last stage in the pipeline. This stage can output to a collection in the
same database or a different one, and it can output to the same collection that is being
aggregated.

Pipelines with the $merge stage can run on replica set secondaries (chapter 9). Read
operations for the $merge stage are sent to secondary nodes, whereas write operations
occur only on the primary node.

The $merge stage creates anew collection if the output collection does notalready exist.
Also, it can incorporate results into an existing collection by inserting new documents,
merging documents, replacing documents, keeping existing documents, failing the oper-
ation, or processing documents with a custom update pipeline. Further, the $merge stage
can output to a sharded collection, and the input collection can be sharded as well. Fol-
lowing is an example of using the $merge stage to update documents in MongoDB.

Listing 6.5 The aggregation pipeline’s $merge state

db.routes.aggregate ([

{

$match: { airplane: "CR2" }

’

{
$group: {
id: v idvw,
src_airport: { $first: "S$src airport" },

dst_airport: { $first: "$dst airport" },
airline name: { $first: "Sairline.name" }
1
1
{
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Smerge: {
into: "routes",
on: "_id",
whenMatched: "merge",
whenNotMatched: "insert"

}

}
1)

This aggregation pipeline demonstrates how to selectively update documents in the
routes collection in which the airplane field is "cr2". The pipeline consists of three
stages:

The $match stage filters the documents to include only those in which the
airplane field is "cr2".

The $group stage processes the filtered documents by grouping them based
on _id. It retains the first occurrence of src_airport and dst_airport and
extracts the airline name from the nested airline.name field, assigning it to

airline name.

The $merge stage writes the results back to the same routes collection. Existing
documents that match on _id are updated with the new fields, and new docu-
ments are inserted if no match is found.

This method ensures efficient updates without data loss, providing precise control of
the document structure.

Joining collections

Sometimes, you have to combine data from different collections, and the $lookup
operator proves to be helpful in such cases. Suppose that you have a transactions
collection that stores detailed transaction records, a separate accounts collection that
stores account information, and a customers collection with customer details. All those
collections are in the sample_analytics database. Using $lookup, you can join these
collections to include detailed account and customer information directly within each
transaction document. This approach is useful for generating comprehensive financial
reports that display not only transaction details, such as amounts and dates, but also
the associated account features and customer profiles, enhancing the data available
for financial analysis and customer relationship management.

In MongoDB, the $1ookup operation conducts a left outer join within the same data-
base, bringing in documents from a joined collection for processing. This operation
enhances each input document with a new array field, populated with matching docu-
ments from the joined collection. Then these augmented documents are forwarded to
the subsequent stage for further processing. As of MongoDB 5.1, $1ookup can also be
used with sharded collections.

The $lookup stage in MongoDB employs this syntax to conduct an equality match
between a field in the input documents and a field in the documents of the joined
collection:
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{
Slookup:
{
from: <collection to joins,
localField: <field from the input documentss,
foreignField: <field from the documents of the "from" collections,
as: <output array fields>
1
1

6.2.1 Creating a MongoDB view using Slookup

You can use $lookup to create a MongoDB view. You create a view by applying a speci-
fied aggregation pipeline to the source collection or view. Views function as read-only
collections and are computed in real time during read operations. Views must be
established within the same database as the source collection. When performing read
operations on views, MongoDB runs them as part of the base aggregation pipeline.

In a database named sample_analytics, you have collections named transactions
and customers. You can create a view that enriches transaction data with customer
details, defined as shown in the following listing.

Listing 6.6 Creating a MongoDB view with $1ookup

// Connect to the sample analytics database
use sample analytics

// Create a view named 'enriched transactions' within
the 'sample analytics' database
db.createView("enriched transactions", "transactions", [
{
// Lookup to join 'transactions' with 'customers' based on
matching account_id
$lookup: {
from: "customers",
localField: "account_id",
foreignField: "accounts",

as: "customer details"
1
1
{
// Extract customer details
$set: |
"Customer Name": { SarrayElemAt: ["Scustomer details.name", 0] b,
"Customer Email": { SarrayElemAt: ["$customer details.email", 0] },

"Customer Address": { SarrayElemAt :
["Scustomer_details.address", 0] b,
"Customer Tier and Benefits": { SarrayElemAt:
["Scustomer details.tier and details", 0] }
1
1
{

// Remove the temporary 'customer details' field no longer
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needed after extraction
Sunset: "customer details"

}
1)

The $lookup stage joins the transactions collection with the customers collection
based on matching account_id, storing the result as an array in customer_details.
Because each transaction should have at most one matching customer, the $set stage
extracts the relevant customer fields using $arrayElemaAt, selecting the first element
from the customer_details array. Then the $unset stage removes the temporary
customer_details field to keep the view streamlined.

To read data from the view you’ve created in MongoDB, you can use the £ind ()
method, similar to the way you would query a regular collection. Here’s an example:

// Query the view to retrieve data
db.enriched transactions.find() .limit (5)

TIP The view-definition pipeline cannot include the sout or $merge stage.
This limitation extends to embedded pipelines used in stages such as $lookup
and $facet.

Using Slookup with Smergeobjects

Sometimes, you have to combine and streamline information from separate MongoDB
documents into a single document for each record. Using $1ookup followed by $merge-
Objects achieves this goal. First, you perform a join to fetch related data, and then you
merge the fetched data with the original document to simplify the structure:

db.transactions.aggregate ([

{

$lookup: {
from: "accounts", // Joining from the
accounts collection
localField: "account id", // Field from
transactions collection
foreignField: "account_ id", // Field from the

accounts collection
as: "account_details"

¥
{
Sunwind: "$account details" // Unwind the result
to merge objects properly
¥
{
$replaceRoot: {
newRoot : {
S$mergeObjects: ["$Saccount details", "$SROOT"]
// Merging the account details into the transaction
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1
{

Sunset: "account details" // Remove the account details
field from the final output

}
1

The pipeline uses the $lookup stage to join the transactions and accounts collec-
tions based on the account_id field; then it employs $mergeObjects in the $replace-
Root stage to combine the joined documents into a single document. This process
enhances the resulting documents by merging details from both collections, providing
a flattened, more accessible data structure.

WARNING Excessive use of $lookup can lead to overly complex and slow que-
ries, complicating code management and maintenance. In such scenarios, con-
sider an alternative approach, such as data denormalization, instead of relying
heavily on collection joins. Thoughtful schema design is essential for optimiz-
ing database performance. It’s worth noting that joins, including $lookup, can
be resource-intensive operations, particularly on larger data sets, potentially
affecting query execution time significantly. Thus, it’s crucial to carefully eval-
uate the tradeoffs and performance implications before integrating joins into
your database queries.

TIP To combine documents from two collections, use the sunionWith aggre-
gation pipeline stage. Unlike $lookup, which joins documents based on a
common field, sunionWith merges entire collections into a single stream of
documents.

Beginning with MongoDB 6.0, you can include the Atlas Search $search or $search-
Meta stage as part of a $lookup pipeline to perform searches within collections hosted
on the Atlas cluster. The $search or $searchMeta stage must be positioned as the first
stage in the $1lookup pipeline.

Deconstructing arrays with Sunwind

The MongoDB $unwind operator flattens an array field in a document, creating sepa-
rate output documents for each item in the array. The primary difference between the
input and output documents is that the array field in the output documents contains a
single item from the original array.

This transformation simplifies complex documents, enhancing readability and
understanding. Also, it enables you to perform further operations, such as grouping
and sorting, on the resulting documents. $unwind does not output a document by
defaultif the field value is null or missing or the array is empty.

Consider the following document from the customers collection in the sample_
analytics database:
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" id": ObjectId("5ca4bbcea2dd94ee58162a76"),
"username": "portermichael",
"name": "Lauren Clark",
"address": "1579 Young Trail\nJessechester, OH 88328",
"birthdate": ISODate ("1980-10-28T16:25:59.0002"),
"email": "briannafrost@yahoo.com",
"accounts": [883283, 980867, 164836, 200611, 528224, 931483],
"tier and details": {
"H0d8ebd346824edc890898b0b2ad6e2d": {
"tier": "Silver",
"benefits": ["concert tickets", "sports tickets"],
"active": true,
"id": "b0d8ebd346824edc890898b0b2adéee2d"

The accounts field is an array containing multiple account numbers. Here’s how to
use the $unwind operator to deconstruct this array.

Listing 6.7 Using the $unwind operator

use sample analytics
db.customers.aggregate ([
{
$match: { id: ObjectId("S5cadbbcea2dd94ee58162a76") }
I
{
Sunwind: "Saccounts"
I
{
$project: {
_id: o,
username: 1,
accounts: 1
}
}
1)

When this aggregation pipeline is executed, $match filters the documents to include
only the one with _id equal to ObjectId("5cadbbcea2dd94ee58162a76"). Sunwind
deconstructs the accounts array in the matched document, creating a separate docu-
ment for each account number:

{ username: 'portermichael', accounts: 883283 },
{ username: 'portermichael', accounts: 980867 },
{ username: 'portermichael', accounts: 164836 },
{ username: 'portermichael', accounts: 200611 },
{ username: 'portermichael', accounts: 528224 },

username: 'portermichael', accounts: 931483
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Consider another example. The goal is to count the occurrences of account numbers
within an accounts array across the entire collection of documents in the customers
collection. In this scenario, $unwind can be valuable. The next listing shows how to use
aggregation to count occurrences of account numbers within arrays in all documents
in the collection, focusing on the accounts array.

Listing 6.8 Counting occurrences of each account number

db.customers.aggregate ([
{ $unwind: "$accounts" },

// Group by account number and count occurrences

{
$group: {
_id: "Saccounts", // Group by account number
count: { Ssum: 1 } // Count occurrences of each account number

}
b

// Sort by the number of occurrences (descending)
{ $sort: { count: -1 } }
1)

The aggregation employs $unwind to deconstruct the accounts array, $group to group
documents by account number, and $sum to tally occurrences. Optionally, the results
can be sorted by count in descending order.

Working with accumulators

Accumulators in MongoDB are operators used in aggregation pipelines, mainly within
the $group and $project stages, to calculate data. They aggregate data by summing,
averaging, or finding extremes, aiding in statistical analysis.

Now let’s check the $max accumulator. It returns the highest value by comparing
value and type, adhering to Binary [SON (BSON) comparison order. The following
code demonstrates the use of aggregators in MongoDB aggregation pipelines.

Listing 6.9 Using aggregation accumulators

db.customers.aggregate ([
{
$group: {
_id: { username: "Susername" }, // Group by username
maxAccountNumber : { Smax: "Saccountg" } // Find the maximum
account number
1

}
1
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The pipeline starts by grouping the documents by username. Within each group, it
calculates the maximum account number using the $max accumulator. Finally, it returns
the maximum account number for each unique username.

In the second example, I focus on the $avg accumulator. The pipeline starts by using
$group, where $size counts the number of accounts per user and savg calculates the
average number of accounts:

db.customers.aggregate ( [

{
$group: {
_id: null, // Group all documents together
averageNumberOfAccounts: { Savg: { $size: "$accounts" } }

}
}
1)

The pipeline calculates the average number of accounts per user in a single step by
combining $size and $avgin $group.

Using the MongoDB Atlas aggregation pipeline builder

You can use the Atlas UI to manage your data through the construction of aggrega-
tion pipelines. The Atlas aggregation pipeline builder is designed mainly for creating
these pipelines rather than running them. It offers a convenient method to
export your pipelines for execution in a driver. Figure 6.1 shows the MongoDB Atlas
user interface for managing data via aggregation pipelines.

Figure 6.1 The MongoDB Atlas interface in the Aggregation tab of the sample analytics.customers
collection, where you can manage data by building and modifying aggregation pipelines (Image © MongoDB 2025)

This section of the interface provides tools for creating new pipelines or exporting
them to code, facilitating easy integration with application codebases. It supports both
building pipelines from scratch and exporting existing ones for implementation.
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Figure 6.2 shows an example of creating an aggregation pipeline using the pipeline
builder and exporting it to programming languages in MongoDB Atlas.

Figure 6.2 The interface shows the Export Pipeline to Language feature for a user-defined pipeline involving
a match stage that filters documents by email addresses. On the left, the pipeline configuration is displayed in
MongoDBs Shell (mongosh) syntax. On the right, the same pipeline is exported in Python syntax. (Image

© MongoDB 2025)

This functionality helps developers integrate MongoDB operations directly into
their application code, providing ready-to-use code snippets in various programming
languages.

Summary

MongoDB’s aggregation framework lets you create complex data transformation
and aggregation pipelines for efficient operations such as filtering, grouping,
and transforming data.

Operators such as $match filter data based on conditions, selecting relevant doc-
uments for further processing.

The $group operator aggregates documents by criteria, enabling calculations
such as sums, averages, and other aggregate functions across grouped data.

The $1imit operator restricts data set size, limiting the number of documents
passed to subsequent pipeline stages or returned to the client, enhancing pro-
cessing efficiency.
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The s$sort operator arranges documents in order within a pipeline based on
specified fields, facilitating data organization for analysis or presentation.

Use $set (or $addFields) instead of $project for field inclusion. Use $project
when you want a significantly different document structure and will retain only a
few original fields.

$lookup enables integrating data from multiple collections through left outer
joins, combining related information for enhanced data analysis.

The framework provides accumulators such as $sum, $avg, $max, and $min for
performing aggregation operations such as summing, averaging, and finding
extremes.

The $unwind operator deconstructs arrays within documents, producing a sepa-
rate document for each array element, facilitating further processing.

MongoDB aggregation pipelines also support full-text search, fuzzy search, and
vector search, enabling advanced data retrieval and analysis based on intricate
search parameters.

MongoDB Atlas provides an aggregation pipelines builder, which is designed pri-
marily for building pipelines rather than executing them. The pipeline builder
offers a straightforward method to export a pipeline for execution in a driver.



Indexing for query
performance

This chapter covers

Understanding MongoDB’s query planner and
execution plan

Creating, deleting, and viewing MongoDB indexes
Learning MongoDB index types

Understanding the Equality, Sort, Range rule of
thumb

Measuring MongoDB index use

Over years of work, I have encountered numerous instances in which indexes were
not used correctly or at all. This is suboptimal, as indexes allow efficient query per-
formance and overall database optimization. In this chapter, I give you best prac-
tices for using indexes, rules of thumb, and methods for monitoring index use and
optimization.

Indexes are special data structures that store a small portion of the collection’s data
in an easily traversable B-tree form. An index orders the values of specific fields, sup-
porting efficient equality matches and range-based queries. MongoDB can also use
the index to return sorted results.

140
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Without indexes, MongoDB must scan every document in a collection to return
query results. This process is very poor in terms of performance. A suitable index limits
the number of documents that need to be scanned.

Although indexes improve query performance, they can negatively affect write oper-
ations. In collections with a high write-to-read ratio, indexes can be costly because each
insert operation must update the indexes.

MongoDB query planner

The query planner in MongoDB is a component that analyzes various ways to execute a
query and selects the most efficient execution plan. It uses indexes and other available
data to minimize response times and resource use. If no index is available for a given
query, the query planner performs a full collection scan, which involves searching every
document in the collection to find those that match the query criteria. This method
is typically less efficient than indexes and can significantly burden the database, espe-
cially in large data sets.

To determine the most efficient execution strategy, the query planner temporarily
tests all available options during what is known as a #ial phase. This phase is part of
MongoDB’s plan caching mechanism; the database evaluates the efficiency of different
execution strategies under actual query conditions. The plan that demonstrates the
best balance of speed and resource use during this trial is selected and cached for future
use. Generally, the winning plan is the one that retrieves the most results with the least
effort, effectively balancing speed and resource use. Each query shape is categorized
into one of three states in the plan cache:

Missing—No cache entry exists. MongoDB evaluates plans, selects a winner, and
creates a new Inactive cache entry with the plan’s work value.

Inactive—This state is a placeholder. The query shape is recognized, and the
work required is noted. If queried again, MongoDB reevaluates plans. A new,
equally or more efficient plan replaces the Inactive entry and becomes Active.
If the new entry is less efficient, it remains Inactive, updating the work value.

Active—The entry is a winning plan currently used. If performance degrades
or work increases, the entry may be reassessed and moved to Inactive if it no

longer meets efficiency criteria.

Viewing query plan cache information

To access the query plan details in the MongoDB Shell (mongosh) for a specific query,
you can use db.collection.explain () or cursor.explain(). These methods are
MongoDB features that provide insight into how MongoDB executes a query. They can
be useful for understanding performance characteristics or diagnosing problems with
query efficiency. To obtain information about the plan cache for a collection, you can
use the $planCacheStats aggregation stage.



142

CHAPTER 7  Indexing for query performance

The db.collection.explain() helper method accepts the verbosity parameter,
which sets the level of detail provided by the explain output. The selected verbosity
mode affects how explain () operates and dictates the extent of information returned.
Available modes include

"queryPlanner" (default)—Provides details about the chosen query plan
"executionStats"—Includes all data from "queryPlanner" plus statistics about
the execution of the query

"allPlansExecution"—Offers comprehensive information, including all possi-
ble query plans and their execution statistics

For compatibility with previous versions, passing true as a parameter is interpreted as
"allPlansExecution", whereas false is treated as “queryPlanner".

If you want to understand how MongoDB executes a specific query, append the
explain () method to your query, as shown in the following listing.

Listing 7.1 Appending the MongoDB explain () method

db.collection.find(
{ yourField: "value" }
) .explain() // Explain the default query planner information

db.collection.find(
{ yourField: "value" }
) .explain(
"executionStats" // Explain the query execution statistics

)

db.collection.find(
{ yourField: "value" }
) .explain(
"allPlansExecution" // Explain the query execution
plan with all possible query plans
)

This listing returns detailed information about how MongoDB plans to execute the
query. As you see in listing 7.2, the output of explain() includes a tree of stages, with
each stage representing a specific operation in the query execution process. These
stages are connected, with the lower stages accessing the collection or indexes and the
middle stages processing the data retrieved from the lower stages. The top stage deliv-
ers the final results.

Listing 7.2 Execution-plan output structure

{

"winningPlan": {
"stage": "FETCH",
"inputStage": {

"stage": "IXSCAN",
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"indexName": "yourField 1",

"keyPattern": {
"yourField": 1

b

"indexBounds": {
"yourField": [

"[\"value\", \"value\"]"

]

1

1

¥

"executionStats":
"nReturned": 1,
"executionTimeMillis": 3,
"totalKeysExamined": 1,
"totalDocsExamined": 1

In this execution plan, the IXSCAN stage scans the index yourField_1, efficiently locat-
ing the relevant keys that match the query condition { yourField: "value" }. These
index keys are passed to the FETCH stage, which retrieves the actual documents from
the collection. The executionStats section provides detailed insights into the que-
ry’s performance. It includes the number of documents returned, which in this case
is 1, indicating that one document was matched and retrieved. The executionTime-
Millis field shows that the query took 3 milliseconds (ms) to execute. Additionally,
totalKeysExamined and totalDocsExamined reveal how many index keys and docu-
ments were scanned during the query process, both of which are 1 in this example.
This indicates efficient use of the index, minimizing the need to scan unnecessary
documents.

MongoDB uses several types of stages during query execution, depending on the
operation:

COLLSCAN for scanning the whole collection.

IXSCAN for scanning index keys.

FETCH for fetching documents.

GROUP for grouping documents.

SHARD_MERGE for combining results from different shards.
SHARDING_FILTER for removing orphan documents from shards.
BATCHED_DELETE for deleting multiple documents in batches.

EXPRESS for specialized stages introduced in MongoDB version 8.0. They are
execution phases that allow specific queries to bypass the traditional query plan-
ning and use highly optimized index scan strategies directly. This approach is
designed to enhance performance for targeted query patterns, offering faster
query execution by focusing on indexed fields. The available EXPRESS stages
include
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— EXPRESS_CLUSTERED_IXSCAN—Provides optimized index scanning for queries
targeting clustered indexes, enabling faster data retrieval

— EXPRESS_DELETE—Delivers high-performance execution for delete opera-
tions by using index optimizations

— EXPRESS_IXSCAN—Accelerates index scans for nonclustered indexes, improv-
ing query speed in relevant operations

— EXPRESS_UPDATE—Optimizes the execution of update operations, making
them more efficient when interacting with indexed data

TIP To see the list of operations supported by db.collection.explain(),
run db.collection.explain() .help().

NOTE You can also use the MongoDB Compass GUI to view explain plans.

MongoDB uses two query engines to find and return results: the classic query engine
and the slot-based query engine. MongoDB automatically chooses the engine; you
can’t select it manually.

The slot-based engine usually offers better performance and lower CPU and mem-
ory use. If a query doesn’t meet the criteria for the slot-based engine, MongoDB uses
the classic engine instead. Two common pipelines that use the slot-based execution
engine are aggregations with $group or $1ookup stages.

To determine which query engine was used, you can examine the explain results
for a query or check the logs. The explain results vary depending on the query engine.
Queries executed with the slot-based engine, for example, include the explain.query-
Planner.winningPlan.slotBasedPlan field:

"winningPlan": {
"queryPlan": {
"stage": "FETCH",
"inputStage": {
"stage": "IXSCAN",
"indexName": "yourField 1",

"keyPattern": {
"yourField": 1
.
"indexBounds": {
"yourField": [
"[\"value\", \"value\"]"
1
}
1
}
"slotBasedPlan":
n.o..m: ... // This represents internal details
specific to the slot-based engine
}
.
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"executionStats":
"nReturned": 1,
"executionTimeMillis": 3,

"totalKeysExamined": 1,
"totalDocsExamined": 1

You can also check MongoDB logs if you want to determine which query engine
was used. (You will learn how to do this in chapter 21.) Log messages have a query-
Framework field that shows the engine used:

queryFramework: "classic" means that the classic engine executed the query.

queryFramework: "sbe" means that the slot-based query engine executed the

query.

MongoDB plan cache purges
The query plan cache is purged if a mongod process restarts or shuts down. Also

Catalog operations such as dropping indexes or collections reset the plan cache.

The least recently used (LRU) replacement method removes the least accessed
cache entry, regardless of state.

You also have the capability to

Clear the plan cache for the collection manually via the pPlancache.clear ()
method

Selectively clear specific entries in the plan cache using the PlanCache.clear-
PlansByQuery () method

TIP  Beginning with MongoDB 5.0, the plan cache stores only complete plan
cache entries as long as the total size of the plan caches across all collections
remains below 0.5 GB. If the combined size of the plan caches for all collec-
tions surpasses this limit, new plan cache entries are recorded without debug
information.

NOTE $planCacheStats returns the approximate size of a plan cache entry in
bytes.

Supported index types

A database index is a specific type of data structure that enables quicker data retrieval,
contributing to application efficiency. Typically, an index includes two components:
the search key and the data pointer. The search key holds the value being searched,
and the pointer indicates the location of the data within the database.

Figure 7.1 shows an indexed search operation within a database called sample mflix
for amovies collection. If you need to query a movie with a running time of less than



146

7.2.1

CHAPTER 7  Indexing for query performance

40 minutes, the index on the runtime field allows the system to efficiently scan blocks of
data rather than individual documents.

Find score < 40 where score is an indexed
column, so only blocks < 40 are checked.

l——l—a « % !

| score: 35 | score: 56 | score: 19 | score: 92 | score: 68 | score: 58 |

movies

Figure 7.1 The index guides the search, allowing the system to skip entire blocks of data that

don’t meet the search criteria and examine only blocks that potentially contain relevant data. This
optimization significantly reduces the number of operations, highlighting the efficiency of using indexed
searches in managing and querying large data sets. (Image © MongoDB 2024 CC BY-NC-SA 3.0)

MongoDB automatically creates a unique index on the _id field when a collection is
created. This _id index ensures that no two documents can have the same _id value.
This index cannot be dropped.

Creating single field indexes

If your application frequently executes queries on specific fields, establishing an index
on these fields can enhance performance. Several types of indexes cater to different
data types and query requirements. This section examines the choices in detail.

Single-field indexes store and order data from a single field across each documentin a
collection. You can create a single-field index on any document field, such as top-level
document fields, embedded documents, and fields within those embedded documents.
When you set up an index, define the field for the index and the direction of sorting
for the indexed values. A sort order of 1 indicates ascending order, and -1 indicates
descending order. Here’s how to create a single-field index on the runtime field in a
MongoDB movies collection using ascending order:

db.movies.createIndex ({ "runtime": 1 })

The createIndexes command in MongoDB creates indexes on specified fields within
a collection. In mongosh, you can also run this command through the helper method.
It uses the syntax db.collection.createlIndex (keys, options), where keyS indicate
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the fields to index and the direction (ascending or descending), and options can spec-
ify additional properties, such as uniqueness. The index supports queries on the field
runtime, as in this example:

db.movies.find ({ "runtime": { $1lt: 40 } })
db.movies.find ({ "runtime": 410 })

If you want to check all the indexes currently available in the movies collection, execute

db.movies.getIndexes ()
[
{
{

2, key: { id: 1 }, name: '_id ' },
2, key: { runtime: 1 }, name: 'runtime 1' }

v
v
The getIndexes () method here reveals two indexes in the movies collection. The
first is the default index on the _id field, labeled 'id', which MongoDB automatically
creates for all collections. The second index is on the runtime field and is named

'runtime_1'. To validate whether the query is truly using the index, you can append
the explain ("executionStats") method to the query, as the next listing shows.

Listing 7.3 Using the explain () method with the query

db.movies.find ({ "runtime": 100 }).explain("executionStats")
{
explainvVersion: '1',
queryPlanner: {
namespace: 'sample mflix.movies',
indexFilterSet: false,
parsedQuery: { runtime: { '$eqg': 100 } },
queryHash: 'ADC785B0',
planCacheKey: 'F015DFOA',
maxIndexedOrSolutionsReached: false,
maxIndexedAndSolutionsReached: false,
maxScansToExplodeReached: false,
winningPlan: {
stage: 'FETCH',
inputStage: {

stage: 'IXSCAN',

keyPattern: { runtime: 1 },

indexName: 'runtime 1°',

isMultiKey: false,

multiKeyPaths: { runtime: [] },

isUnique: false,

isSparse: false,

isPartial: false,

indexVersion: 2,

direction: 'forward',

indexBounds: { runtime: [ '[100, 100]' ] }
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rejectedPlans: []

}

executionStats: {
executionSuccess: true,
nReturned: 719,
executionTimeMillis: 3,
totalKeysExamined: 719,
totalDocsExamined: 719

The explain() method output shows that the runtime_1 index optimizes the search,
with the IXSCAN stage specifically targeting the runtime field. This leads to the FETCH
stage, which retrieves the matching documents according to the winningPlan.
executionStats shows that the query successfully returned 719 documents in 3 ms,
with 719 keys and 719 documents examined due to the effective use of the runtime_1
index. The queryHash helps MongoDB determine whether the same query struc-
ture has been executed before, allowing the reuse of execution plans, and the plan-
CacheKey considers the current state and environment of the database to determine
whether a cached plan is appropriate. The complete explain plan is much longer and
more complex, but in this chapter, I'm showing only part of the explain plan.

You can create an index on a field within an embedded document by using dot nota-
tion. To index the wins field inside the awards embedded document, use the following
command:

db.movies.createIndex ({ "awards.wins": 1 })
NOTE A single collection can have no more than 64 indexes.

TIP  An index fully supports a query when it includes all the fields that the
query needs to scan. Instead of scanning the entire collection, the query scans
the index. By creating indexes that align with your queries, you significantly
enhance query performance. If the index does not include all the fields the
query needs, the query scans the index and then accesses the collection for the
remaining fields, which can still improve performance, though not as much as
when all required fields are included in the index.

USING AN INDEX TO SORT QUERY RESULTS

Because indexes hold ordered records, MongoDB can derive sorted results directly
from an index that encompasses the fields used in the sort operation. If the sort
operation aligns with the indexes used in the query predicate, MongoDB can use the
index efficiently to perform the sorting. The following listing shows how to use the
runtime 1 index to sort and filter documents in the movies collection.

Listing 7.4 Using an index to filter and sort query results

db.movies.find (
{ "runtime": { $gt: 500 } }
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.sort (
{ "runtime": 1 }
.explain ("executionStats")

explainVersion: '1',
queryPlanner: {
namespace: 'sample mflix.movies',
indexFilterSet: false,
parsedQuery: { runtime: { '$gt': 500 } },
queryHash: '059DF6AA',
planCacheKey: '8E8D39FB',
maxIndexedOrSolutionsReached: false,
maxIndexedAndSolutionsReached: false,
maxScansToExplodeReached: false,
winningPlan: {
stage: 'FETCH',
inputStage: {
stage: 'IXSCAN',
keyPattern: { runtime: 1 },
indexName: 'runtime 1°',
isMultiKey: false,
multiKeyPaths: { runtime: [] },
isUnique: false,
isSparse: false,
isPartial: false,
indexVersion: 2,
direction: 'forward',
indexBounds: { runtime: [ ' (500, inf.0]' 1 }
1
¥
rejectedPlans: []
¥
executionStats: {
executionSuccess: true,
nReturned: 21,
executionTimeMillis: O,
totalKeysExamined: 21,
totalDocsExamined: 21,

MongoDB uses the runtime index for an index scan (IXSCAN) on documents in which

runtime > 500, optimizing match and sort operations. The forward scan matches the

ascending sort order (runtime: 1). ExecutionStats show 21 documents returned and

examined, with minimal execution time (0 ms), demonstrating efficient index use.

If MongoDB cannot use indexes for sorting, it uses a blocking sort operation, pro-

cessing all documents in memory before returning results.

TIP  Starting with MongoDB 6.0, if a pipeline execution stage requires more
than 100 MB of memory, MongoDB automatically writes temporary files to disk
unless the query explicitly sets { allowDiskUse: false }.



150

CHAPTER 7  Indexing for query performance

CONVERTING AN EXISTING INDEX TO UNIQUE

A unique index ensures that the indexed fields in a database do not store duplicate
values, enforcing data uniqueness. This is beneficial because it guarantees data integ-
rity, improves search performance by allowing faster retrieval of unique entries, and
optimizes use of space by eliminating redundant data entries. To create a unique
index, use the .collection.createIndex( <key and index type specifications,
{ unique: true } ) method with the unique option set to true.

If a collection already has a nonunique index, and you want to convert it to a unique
index, you can use the collMod command. This process involves several steps. If you
have an existing index on the email field in the users collection of the sample_mflix
database created with the command

db.getSiblingDB ('sample mflix') .users.createIndex(
{ "email": 1 }

)

and you want to ensure that each user has a unique email, you have to convert this
existing index to a unique index. The getIndexes() method can help you display
existing nonunique indexes:

db.getSiblingDB ('sample mflix') .users.getIndexes ()

[
{ v: 2, key: { _id: 1 }, name: ' _id ' },
{ v: 2, key: { email: 1 }, name: 'email 1' }

First, use the col1Mod command with the prepareUnique option. This command looks
like this:

use sample mflix
db . runCommand ( {
collMod: "users",
index: {
keyPattern: { email: 1 },
prepareUnique: true

}
1))

After you set prepareUnique to true, MongoDB prevents any new insertions or updates
that would result in a duplicate email value in the users collection. If you try to insert
a document with an email that already exists in the database, MongoDB throws a
duplicate-key error, indicating a violation of the unique constraint.

Next, check for existing violations of what will become the unigue constraint by run-
ning the collMod command with the unique and dryRun options:

db . runCommand ( {
collMod: "users",
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index: {
keyPattern: { email: 1 },
unique: true

b

dryRun: true

)

This operation simulates the application of the unique constraint without applying it,
allowing you to identify and resolve any existing duplicates in the email index. If the
command returns without errors, there are no duplicate values, and you can convert
the index permanently to unique. To finalize the conversion of the index to unique,
run the collMod command again, this time removing the dryRrun flag:

db . runCommand ( {
collMod: "users",
index: {
keyPattern: { email: 1 },
unique: true
}
P

This command modifies the index on the email field to enforce uniqueness, ensuring
that each document in the users collection has a unique email address. This change
will help maintain data integrity by preventing future duplicates in the email field.

Understanding compound indexes

Compound indexes in MongoDB involve multiple fields within a document. You create
these indexes by specifying several fields in the index-creation command. Compound
indexes enable execution of queries that involve all the fields in the index or the fields
that prefix those in the index. To create a compound index, you can use this prototype.

Listing 7.5 Compound Index prototype

db.<collections>.createIndex( {
<fieldl>: <sortOrders>,
<field2>: <sortOrders,

<fieldN>: <sortOrders>

)

If your application frequently runs queries involving multiple fields, setting up a com-
pound index on those fields can significantly enhance performance. Take, for exam-
ple, a movie-analytics platform that managers use to assess films based on release year,
type, and Internet Movie Database (IMDb) ratings to manage content effectively and
tailor recommendations. To optimize these search operations and boost performance,
you can create a compound index on the year, type, and imdb.rating fields in the
movies collection. To implement this index, execute the following command.
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Listing 7.6 Creating a compound index on three fields

db.movies.createIndex (
{ year: 1, type: 1, "imdb.rating": 1 }

This command sets up the index to include these three key fields, sorting each in
ascending order. Compound indexes support queries on all fields included in the
index prefix, enabling fast, efficient retrievals.

An index prefixis any subset of the indexed fields starting from the first field defined in
a compound index. For the compound index { year: 1, type: 1, "imdb.rating": 1 },
the possible index prefixes are

{ year: 1 }
{ year: 1, type: 1 }
{ year: 1, type: 1, "imdb.rating": 1 }

MongoDB can use this compound index to optimize queries involving these field
combinations:

Query by release year only:

db.movies.find ({ year: 1914 })

Query by release year and type:

db.movies.find (

{

year: 1914,
type: "movie"

Query by release year, type, and specific IMDb rating:

db.movies.find(

{

year: 1914,
type: "movie",
"imdb.rating": { $gte: 7.6 }

MongoDB cannot use this compound index to optimize queries that do not contain
the year field, such as querying by type alone or imdb.rating alone, because they do
not match any prefix defined by the index. Those queries are not supported by the
index:
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db.movies.find ({ type: "movie" })
db.movies.find ({ "imdb.rating": { S$gte: 7.6 } })
db.movies.find(

{ type: "movie", "imdb.rating": { S$gte: 7.0 } }

The next listing shows the execution plan for a query that is not supported by a com-
pound index, highlighting the COLLSCAN stage in the winning plan.

Listing 7.7 Example COLLSCAN stage in the winning plan

db.movies.find(
{ "imdb.rating": { Sgte: 7.6 } }
) .explain ("executionStats")

explainvVersion: '1',
queryPlanner: {
namespace: 'sample mflix.movies',
indexFilterSet: false,
parsedQuery: { 'imdb.rating': { 'Sgte': 7.6 } },
queryHash: '5D6975B4"',
planCacheKey: 'AD7111A5',
maxIndexedOrSolutionsReached: false,
maxIndexedAndSolutionsReached: false,
maxScansToExplodeReached: false,
winningPlan: {
stage: 'COLLSCAN',
filter: { 'imdb.rating': { '$gte': 7.6 } },
direction: 'forward'
¥
rejectedPlans: []
b
executionStats: {
executionSuccess: true,
nReturned: 3472,
executionTimeMillis: 20,
totalKeysExamined: O,
totalDocsExamined: 21349

The output shows that MongoDB performs a full collection scan (coLLScaN) for the
"imdb.rating" query due to the lack of a suitable index. Consequently, all 21,349 doc-
uments in the collection are scanned (totalDocsExamined: 21349). No index keys
were examined (totalKeysExamined: 0), leading to inefficiency in large data sets.
This results in a longer execution time of 20 ms to return 3,472 results.

TIP If your collection includes both a compound index and an index on its
prefix—suchas { a: 1, b: 1 }and { a: 1 }—you can safely delete the index
on the prefix ({ a: 1 }). MongoDB will use the compound index in all situa-
tions in which it would have used the prefix index.

NOTE A compound index can have a maximum of 32 fields.
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UNDERSTANDING THE ESR RULE
The Equality, Sort, Range (ESR) rule in MongoDB is a guideline for designing com-
pound indexes to optimize query performance. It dictates the order in which the
query elements should be indexed: first by fields used in equality conditions, followed
by fields used for sorting, and finally by fields used in range conditions. This ordering
ensures that MongoDB indexes efficiently by quickly narrowing down the results using
equality, efficiently sorting them, and then applying range filters.

Consider a query that looks for movies released in 1914, with an IMDb rating greater
than 7.0, and sorts the results by the movie title:

db.movies.find(
{ year: 1914, "imdb.rating": { $gte: 7 } }
) .sort (
{ title: 1 } // Find movies released in 1914 with
an IMDb rating of at least 7 and sort by title

To enhance the efficiency of this query, set up the following compound index:

db.movies.createIndex (
{ year: 1, title: 1, "imdb.rating": 1 } // Create a compound
index on the year, title, and imdb.rating fields

Thisindex is designed according to the ESR rule. It prioritizes the equality condition on
year, optimizes sorting on title, and then applies the range filter on "imdb.rating".
This structure is beneficial because it allows MongoDB to effectively narrow, sort, and
filter the data, using the index’s sequence to match the query’s needs efficiently. The
following sections explore why this rule is advantageous.

EQUALITY
Equality means matching one value exactly. Consider queries that search the movies
collection for documents in which the year field exactly matches a specific year:

db.movies.find ({ year: { $eq: 1914 }})
db.movies.find ({ year: 1914 })

Place fields that require exact matches at the beginning of the index. Index searches
using exact matches reduce the number of documents MongoDB must review to
complete a query. Ensure that equality tests are selective to minimize the number
of index keys scanned and to filter out a significant portion of potential document
matches.

SORT

Sort means organizing the results and following equality matches to reduce the number
of documents to sort. This configuration allows MongoDB to perform a nonblocking
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sort. An index supports sorting when the fields in the query match a subset of the
index keys, but only if there are equality conditions for all preceding prefix keys in the
index before the sort keys:

db.movies.find ({ year: 1914 }).sort ({ title: 1 })

This query retrieves documents from the movies collection in which the year field
exactly matches 1914.

RANGE

Range filters scan fields by matching values within a specified range rather than requir-
ing exact matches. For more efficient queries, narrow the range, and use equality
matches to reduce the number of documents scanned. Range filters can be formatted
as follows:

db.movies.find ({ year: 1914, "imdb.rating": { $gte: 7.0 } })

MongoDB cannot use an index to sort results if a range filter is applied to a different
field. To enable MongoDB to perform an index-based sort, place the range filter after
the sorting condition.

Figure 7.2 shows the execution of a query in MongoDB Compass (introduced in
chapter 3) that filters the movies collection in the sample_mflix database to find docu-
ments in which year is 1914 and imdb. rating is greater than or equal to 7.

Figure 7.2 The MongoDB Compass GUI executes the query { year: 1914, "imdb.rating":
{ $gte: 7 } } onthemovies collection. The results are sorted by { title: 1 }. (Image
© MongoDB 2025)

To display the explain plan, click the Explain button, located in the top-right section
of the screen next to the Generate Query button. Figure 7.3 shows the explain plan
for the query executed in MongoDB Compass.



156

7.2.3

CHAPTER 7  Indexing for query performance

Figure 7.3 The explain plan for a
query optimized with an index using the
ESR rule in Compass. The plan contains
an IXSCAN stage, which uses the

year 1 title 1 imdb.rating 1
index to scan and fetch documents.
This stage returned two documents
and examined four index keys with an
execution time of 0 ms. Then the FETCH
stage retrieves the documents with

an execution time of 0 ms. (Image

© MongoDB 2025)

The query performance summary provides detailed metrics on the query’s execution
and its interaction with the database. It shows that two documents were returned as a
result of the query and two documents were examined, indicating precise, efficient
query execution. The execution time was measured at 0 ms, reflecting optimal perfor-
mance with minimal processing overhead.

The summary further highlights the fact that the query results were not sorted in
memory, meaning that no in-memory sort operation was required and suggesting that
the existing index handled sorting efficiently. Four index keys were examined, indi-
cating the number of index entries scanned to satisfy the query conditions. The query
used a compound index consisting of the fields year, title,and imdb.rating, as noted
in the summary. Using this index significantly enhanced query performance by mini-
mizing the need to scan unindexed data, resulting in a highly efficient operation.

Using multikey indexes

Multikey indexes in MongoDB are B-tree indexes that enable efficient querying of array
values. When you create an index on a field that contains an array, MongoDB creates
separate index entries for each element of the array. This allows MongoDB to quickly
perform queries that involve elements of arrays, such as checking if an array contains a
specific value or if it matches certain criteria.

MongoDB is capable of generating multikey indexes for arrays containing both sca-
lar values (such as strings and numbers) and embedded documents. When an array
includes several occurrences of the same value, the index records only one entry for
that value. To create a multikey index, you can use the following prototype.

Listing 7.8 Multikey index prototype

db.<collection>.createIndex( { <arrayField>: <sortOrder> } )
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Suppose that the application frequently has to identify customers based on their
account numbers, which are stored in the sample analytics database within the
customers collection. To optimize this common query, consider using a multikey
index. Here’s a snippet of a document from the customers collection, demonstrating
how the accounts are stored in an array:

{

~1d: ObjectId('5ca4bbcea2dd94ee58162a68'),
username: 'fmiller',
accounts: [ 371138, 324287, 276528, 332179, 422649, 387979 ]

}

You can optimize search efficiency by creating a multikey index:

db.customers.createIndex ({ accounts: 1 })

This command sets up an index in which each element of the accounts array is indexed
individually; MongoDB stores this index as a multikey index. With the multikey index
in place, searching for a customer by account number becomes more efficient. To find
all customers with the account number 371138, simply run

db.customers.find ({ accounts: 371138 })

This use of the multikey index allows MongoDB to locate and retrieve the relevant
documents swiftly.

COMPOUND MULTIKEY INDEX

A compound multikey index is created on multiple fields, but only one of these fields can
be an array to avoid creating an overly complex index structure. If your application
frequently queries username (nonarray) and accounts (array) in the customers collec-
tion, create a compound multikey index . Here’s how to create this index:

db.customers.createIndex ({ username: 1, accounts: 1 })

This index supports queries involving these fields because it indexes username as a sca-
lar and accounts as an array. To find all customers with the username 'fmiller' and
account number 371138, run

db.customers.find ({ username: 'fmiller', accounts: 371138 })

MongoDB can quickly locate documents based on username and then filter results
using specific account numbers.
MULTIKEY INDEXES WITH EMBEDDED FIELDS IN ARRAYS

You can create indexes on embedded document fields within arrays. When you create
an index on a field inside an array, MongoDB stores that index as a multikey index. In
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the sample_training database, within the grades collection, you can create an index
to improve the performance of queries on the scores. score field:

db.grades.createIndex({ "scores.score": 1 })

The following query returns documents in which at least one element in the scores
array has a score greater than 70:

db.grades.find ({ "scores.score": { $gt: 70 } })

This query uses the multikey index to find documents efficiently. MongoDB can
quickly locate all documents in which any score field within the scores array is greater
than 70. This eliminates the need for a full collection scan, significantly improving
query performance.

The index also supports sort operations on the scores. score field. To sort the docu-
ments by scores.score in descending order, use the following query:

db.grades.find () .sort ({ "scores.score": -1 })

This index enables MongoDB to sort the documents efficiently based on the scores
.score field, providing faster results for queries that require ordered data.

Using text indexes

In MongoDB, a standard text index is created on the entire value of a field, which
means that searches must also target the full value to use the index efficiently, resulting
in fast query performance. This type of index, however, does not support searches
for partial values, such as those conducted with regular expressions. In such cases,
MongoDB bypasses the index and performs a full collection scan, significantly slowing
the search process.

Conversely, a search index, available in Atlas, requires more data storage but enables
partial value searches, commonly referred to as full-text searches.

NOTE Make sure not to confuse MongoDB’s text indexes with the full-text
search capabilities available in Atlas. Using Atlas Search is the recommended
approach and is much better than relying on traditional MongoDB text
indexes.

Let’s focus on the classical MongoDB text index. The next listing shows a text index
prototype. Collections can have only one text index, but that index can cover multiple
fields.

Listing 7.9 Text index prototype

db.<collection>.createIndex (

{

<fieldl>: "text",
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<field2>: "text",

The stext operator in MongoDB performs text search queries on content within a
collection that has a text index. This operator can search for words and phrases within
string fields that are indexed with a text index. It includes features such as these:

Case insensitivity—By default, the search does not consider case, making it easier
to find matches regardless of text case.

Language-specific rules—MongoDB can apply language-specific rules for stem-
ming and stop words (commonly ignored words such as and) when performing
searches, improving the relevance of search results.

Searching on multiple fields—You can create text indexes on multiple fields, and
searches using the $text operator can include any or all of these indexed fields.

Text scoring and sorting—Results can be scored based on the relevance to the
search, allowing you to sort by how well each result matches the search criteria.

The $text operator has the following syntax:

{
Stext: {
Ssearch: <strings,
$language: <strings,
ScaseSensitive: <booleans,
$diacriticSensitive: <boolean>

Suppose that an application frequently searches for specific movies based on titles and
plots. Setting up a text index on these fields enhances search capability with flexible,
keyword-based queries. This type of index is useful for users who remember parts of
the plot but not exact titles. Text indexes handle partial or mixed terms efficiently,
improving search performance and user experience in movie databases. The following
listing shows how to create such an index.

Listing 7.10 Creating a text index on two fields

db.movies.createIndex ({
title: "text",
fullplot: "text"

3]

After you set up the text index on the title and fullplot fields, the application can
handle searches that include partial and keyword-based terms. The following query
uses the text index to search for movies involving any title or plot containing the words
Zone and drinks:
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db.movies.find/(
{ $text: { $search: "Zone drinks" } },
{ score: { $meta: "textScore" } }
) .sort (
{ score: { $meta: "textScore" } }
) .1limit (3) // Find and sort the top 3 documents by text
search score for the query "Zone drinks"

This query searches the movies collection for documents that match the text search
criteria "Zone drinks" and sorts the results by their text search score, limiting the out-
put to the top three results. Here is one of the results documents:

[ { _id: ObjectId('573al3c0£29313caabd6l5ad'),
plot: "For her, there have always been two kinds of guys:
the ones you desire and the ones who buy you drinks.
For him, she is the woman of his dreams, the one he's been
waiting for. He is madly ...",

genres: [ 'Comedy' 1,

runtime: 80,

title: 'Friend Zone',

fullplot: "For her, there have always been two kinds of guys:

the ones you desire and the ones who buy you drinks.
For him, she is the woman of his dreams, the one he's been
waiting for. He is madly in love with her and patiently waiting
for her to realize it. The thing is that she actually wants
him to buy her a drink and stay in the friend zone.",

score: 2.0769230769230766 } ]

This document shows a movie titled Friend Zone with a plot involving characters who
desire drinks and relationships. The score, which rounds to 2.08, indicates the rele-
vance of this document to the search terms "Zone drinks", with a higher score rep-
resenting a closer match. This scoring helps users quickly identify the most relevant
movies, enhancing user experience by prioritizing results that best match their search
criteria.

You can execute more nuanced queries, such as those that search for movies that
explicitly exclude certain terms. This query searches for movies that do not include
Zonein the title or full plot but include the word drinks:

db.movies.find( { $text: { $search: "-Zone drinks" } } )

In this query, the minus sign (-) before Zone acts as a negation operator, instructing
MongoDB to exclude results that contain the word Zone. This allows you to filter out
specific movies and focus on those that include the term drinks.

Creating wildcard indexes

MongoDB supports creating wildcard indexes on a field or a set of fields. Wildcard
indexes on a single field allow queries on any subfield of the indexed field, making
them useful for querying fields with unknown or varying names between documents.
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Wildcard indexes can be compound starting in MongoDB 7.0. A compound wild-
card index includes one wildcard term and one or more additional index terms, allow-
ing for more complex queries across multiple fields.

To create wildcard indexes, use a standard index creation command, and include
the wildcard specifier ($+*) in the index key. Here’s how to create a wildcard index on
asingle field:

db.collection.createIndex ( { "fieldName.$**": <sortOrders } )

A compound wildcard index includes a wildcard term along with one or more addi-
tional index terms.

Use wildcard indexes when fields to be indexed are unpredictable or subject to
change. Targeted indexes on specific fields usually perform better. If your collection
has unpredictable field names, consider redesigning your schema for consistency. Use
wildcard indexes in these scenarios:

If field names vary among documents, a wildcard index supports queries on all
possible field names.

If embedded document fields have inconsistent subfields, a wildcard index sup-
ports queries on all subfields.

If documents have shared characteristics, a compound wildcard index efficiently
covers many queries for those common fields.

Suppose that your application frequently queries various subfields within the tomatoes
field in the movies collection of the sample mflix database, but the exact subfields are
unpredictable or may change over time. To support queries on all possible subfields
within the tomatoes field, create a wildcard index with the following command:

db.getSiblingDB ('sample mflix') .movies.createIndex(
{ "tomatoes.$**": 1 } // Create a wildcard index on all
subfields of the tomatoes field in the movies collection

The wildcard index on the tomatoes field allows you to query on any subfield within
tomatoes efficiently without knowing the specific subfields. This type of index is useful
when the tomatoes field has varying subfields across documents, ensuring that any
subfield can be queried. Although targeted indexes on known fields generally offer
better performance, wildcard indexes provide a flexible solution for unknown or vary-
ing subfields, which is crucial for maintaining query performance in dynamic schemas.

TIP  You can create a wildcard index to support queries on all potential doc-
ument fields. Wildcard indexes are useful for querying arbitrary or unknown
field names. To create a wildcard index that covers all fields except _id, use
the wildcard specifier ($+*) as the index key: db.<collection>.createIndex
({ "$*xv: <sortOrder> } ).
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Geospatial indexes

Geospatial indexes store and retrieve data efficiently based on geographic location. They
involve creating an index on spatial data using a specialized structure that can quickly
determine which objects or data points are within a specific area.

This type of indexing is especially valuable in applications that handle large vol-
umes of geographic data, such as mapping applications, geolocation services, and spa-
tial analytics. Geospatial indexing allows these applications to query and analyze data
by location quickly, eliminating the need to scan extensive data sets to find relevant
information.

MongoDB offers two types of geospatial indexes:

2dsphere—Used for queries that interpret geometry on a spherical surface

2d—Used for queries that interpret geometry on a flat plane

If your application often queries a field with geospatial data, creating a geospatial index
can significantly improve performance. Some query operations mandate a geospatial
index. To perform queries using the $near or $nearsphere operator or the $geoNear
aggregation stage, create a geospatial index.

2DSPHERE INDEXES

2dsphere indexes support geospatial queries on an earthlike sphere, such as determin-
ing points within an area, calculating proximity to a point, and finding exact matches
on coordinate queries. Indexed field values must be GeoJSON objects (a format for
encoding a variety of geographic data structures) or legacy coordinate pairs—older
formats stored as [longitude, latitudel, which MongoDB converts to GeoJSON
points. A simple GeoJSON point looks like this:

{
"type": "Point",
"coordinates": [40.7128, -74.0060]

This object represents a point at latitude 40.7128 and longitude -74.0060, which are
the coordinates of New York City. To create a 2dsphere index, specify the location
field with the type “2dsphere".

To create a 2dsphere index in the shipwrecks collection stored in the sample_
geospatial database, use the following command:

db.shipwrecks.createIndex ({ coordinates: "2dsphere" })

To find shipwrecks within a 5-kilometer radius of the coordinates [-79.9081268,
9.3547792], use the following query:

db.shipwrecks.find ({
coordinates: {
$near: {
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$geometry: { type: "Point", coordinates: [-79.9081268, 9.3547792] },
SmaxDistance: 5000

}
}
N

This query returns shipwrecks close to the specified location:

{

" id": ObjectId("578f6fa2df35c7fbdbaed8c4"),
"feature type": "Wrecks - Visible",
"coordinates": [-79.9081268, 9.3547792]

Longitude must be between -180 and 180, and latitude must be between -90 and 90.
Use cases include finding nearby restaurants, calculating shortest routes, and identi-
fying parks within city limits. 2dsphere indexes are always sparse and can be part of
compound indexes that reference multiple location and nonlocation fields.

2D INDEXES
2d indexes support queries on data stored as points on a two-dimensional plane,
intended for legacy coordinate pairs.

To find shipwrecks within a 0.1-degree radius of the coordinates [-79.9081268,
9.3547792] on a planar surface, create an index with

db.shipwrecks.createIndex ({ coordinates: "2d" })

and execute the following query:

db.shipwrecks.find ({
coordinates:
Snear: [-79.9081268, 9.3547792],
SmaxDistance: 0.1

}
3]

This query returns shipwrecks close to the specified location:

{

" id": ObjectId("578f6fa2df35c7fbdbaed8c4"),
"feature_type": "Wrecks - Visible",
"coordinates": [-79.9081268, 9.3547792]

NOTE 2dindexes cannot be used for GeoJSON objects; for those, use 2dsphere
indexes.

When you create a 2d index, longitude must be between -180 and 180, and latitude
must be between -90 and 90.
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Hashed indexes

Hashed indexes collect and store hashes of the values of the indexed field. These indexes
support sharding using hashed shard keys, which means that they use a hashed index
of a field as the shard key to partition data across your sharded cluster.

Hashed indexing is ideal for shard keys with fields that change monotonically, such
as ObjectId values and timestamps. In traditional ranged sharding, a monotonically
increasing shard-key value can lead to a problem: the chunk with an upper bound of
MaxKey receives most of the incoming writes. This behavior restricts insert operations
to a single shard, negating the advantage of using distributed writes in a sharded clus-
ter. Hashed sharding helps distribute the writes more evenly across shards, solving this
problem. (Sharding is explained in chapter 9.)

To create a hashed index on a single field, set the index key’s value to "hashed":

db.<collection>.createIndex (

{
}

<field>: "hashed"

To create a compound hashed index, set "hashed" as the value for one index key:

db.<collection>.createIndex (

{

<fieldl>: "hashed"

TIP  When MongoDB uses a hashed index to resolve a query, it automatically
computes the hash values using an internal hashing function. Applications do
not need to calculate these hashes themselves.

Hashed indexes convert floating-point numbers to 64-bit integers before hashing. The
values 2.3, 2.2, and 2.9, for example, will share the same hash key due to this conver-
sion, causing a collision when multiple values are assigned to a single hash key. These
collisions can negatively affect query performance.

To prevent collisions, do not use a hashed index for floating-point numbers that can-
not be reliably converted to 64-bit integers and then back to floating-point numbers.
Also, hashed indexes do not support floating-point numbers larger than 2%,

TIP Hashed indexes have limitations regarding array fields and the unique
property. The hashing function does not support multikey indexes, which
means that you cannot create a hashed index on a field that contains an array
or insert an array into a hashed indexed field.
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NOTE You cannot specify a unique constraint on a hashed index. Instead, to
enforce uniqueness on a field, you need to create an additional no-hashed
index with the unique constraint. MongoDB will use this nonhashed index to
ensure the uniqueness of the field.

Dropping indexes

To drop an index in MongoDB, you can use the db.collection.dropIndex (index)
mongosh helper method, which removes a specified index from a collection. The
index parameter specifies the index to drop and can be provided as either the index
name (string) or the index specification document (object).

WARNING Dropping an actively used index in production can lead to perfor-
mance degradation in your application. To assess the potential effect before
dropping an index, hide the index, and observe any changes in performance.
Hidden indexes are explained in section 7.4.4.

You can also use the Atlas User Interface, shown in figure 7.4, for this purpose. The
Atlas Ul lets you add and drop indexes as you do with mongosh. To add an index, click
the Create Index button to the right of the list of existing indexes.

NOTE The index on the id field cannot be removed.

Figure 7.4 The MongoDB Atlas IU allows you to add and remove indexes. (Image © MongoDB 2025)
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To remove an index, click the trashcan icon in the Action column for the specific
index. Then type the index name in the confirmation dialog box, and click the red
Drop button.

MongoDB index attributes

Index attributes influence how the query planner uses an index and how indexed doc-
uments are stored. You can set these attributes as optional parameters when creating
an index.

Partial indexes

Partial indexes index only the documents in a collection that meet a specified fil-
ter expression. By indexing only a subset of the documents, partial indexes have
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lower storage requirements and reduced performance costs for index creation and
maintenance.

To create a partial index, use the db.collection.createIndex () method with the
partialFilterExpression option. The partialFilterExpression option accepts a
document that specifies the filter condition using various operators, such as equality
expressions (such as field: value or the $eq operator); the $exists: true expression;
the sgt, sgte, $1t, and $1te expressions; the stype expression; and the $and, $or, and
$in operators.

Here, we’ll see that the compound index used earlier in this chapter would look like
a partial index with the $eq operator:

db.getSiblingDB ('sample mflix') .movies.createIndex(

{
year: 1,
type: 1,
"imdb.rating": 1
¥
{
partialFilterExpression: { type: { $eq: "movie" } }
} // Creates a partial index on the movies collection
for documents where type is "movie"

This command creates a partial index on the movies collection, indexing only the
documents in which the type of field is "movie". By using the seq operator, the fil-
ter ensures that only documents with type equal to "movie" are indexed. Because the
index includes only documents in which the type is "movie", it requires less storage
space and reduces the overhead associated with index creation and maintenance.

Sparse indexes

Sparse indexes include entries only for documents that have the indexed field, even if
the field contains a null value. The index ignores any document that is missing the
indexed field, making the index sparse because it does not cover all documents in a
collection. By contrast, nonsparse indexes include all documents in a collection, stor-
ing null values for documents that do not have the indexed field.

TIP Partial indexes provide a broader range of functionality compared with
sparse indexes and should be preferred over sparse indexes.

To create a sparse index, use the db.collection.createIndex () helper method with
the sparse option set to true. Here, we’ll look at how the single index used earlier in
this chapter would look as a sparse index:

db.movies.createIndex (
{ "runtime": 1 },
{ sparse: true } // Create a sparse index on the runtime field
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This command creates a sparse index on the runtime field in the movies collection.
The index includes entries only for documents that contain the runtime field, ignor-
ing any documents that do not have this field.

Time-to-live indexes

Time-to-live (TTL) indexes are single-field indexes in MongoDB that automatically
delete documents from a collection after a specified duration or at a specific time.
This feature is particularly useful for managing data with a limited lifespan, such as
machine-generated event data, logs, and session information. In flight search systems,
for example, you can use TTL indexes to remove flight documents automatically when
the flight has departed. Other examples include expiring session data after a user logs
out, deleting temporary files after a certain period, and removing outdated promo-
tional offers when they have expired.

To create a TTL index, use the createIndex () method. Choose an index field that
is either the date type or an array containing date-type values. Use the expireAfter-
Seconds option to set a TTL value in seconds.

NOTE The expireafterSeconds value for a TTL index must be between 0 and
2147483647, inclusive.

To create a TTL index on the date field in the sample analytics database and the
transactions collection, use the following command:

db.getSiblingDB ('sample analytics') .transactions.createlIndex (
{ "date": 1 },
{ expireAfterSeconds: 31536000 } // Creates a TTL index on
the "date" field. Documents will expire 1 year after the
value in the "date" field.

This command creates a TTL index on the date field of the transactions collection in
the sample analytics database. The expireAfterSeconds opth)nissetto 31536000,
which corresponds to one year. This means that any document in the transactions
collection with a date field older than one year will be deleted automatically.

SETTING EXPIRE AFTER SECONDS T0 O
You can expire documents at a specific clock time by creating a TTL index on a field
that holds Binary JSON (BSON) date type values or an array of BSON date-typed
objects and specifying an expireAfterSeconds value of 0. For each document in the
collection, set the indexed date field to the time when the document should expire. If
the indexed date field contains a date in the past, MongoDB considers the document
expired.

The following operation creates an index on the transactions collection’s date
field in the sample_analytics database and specifies an expireAfterSeconds value
of 0:
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db.getSiblingDB ('sample analytics') .runCommand (

{

collMod: "transactions",
index: {
keyPattern: { date: 1 },
expireAfterSeconds: 0

}

} // Set the TTL index on the date field to expire documents immediately

MongoDB automatically deletes documents from the transactions collection when
the documents’ date value is older than the number of seconds specified in expire-
AfterSeconds, which is 0 in this case. As such, the data expires at the specified date
value.

CONVERTING A NON-TTL INDEX TO A TTL INDEX

You can add the expireAfterSeconds option to an existing single-field index.
To change a non-TTL single-field index to a TTL index, use the collMod database
command:

db.getSiblingDB ('sample analytics') .runCommand ({
"collMod": "transactions",
"index": {
"keyPattern": { "date": 1 },
"expireAfterSeconds": 31536000 // 1 year in seconds

}
)

This command modifies the existing index on the date field in the transactions col-
lection to include the expireAfterSeconds option. As a result, documents with a date
value older than one year will be deleted automatically, ensuring that the collection
retains only recent data.

WARNING After creating a TTL index, you may find that you have a large
number of qualifying documents to delete at the same time. This substantial
workload can lead to performance problems on the server. To mitigate these
potential problems, consider creating the index during off-peak hours when
server load is lower. Alternatively, you can delete qualifying documents man-
ually in batches before creating the TTL index, ensuring that the index will
manage only future documents and thus reducing the initial load.

TTL indexes restrictions as follows:
TTL indexes are restricted to single-field indexes; compound indexes do not
support TTL and ignore the expireAfterSeconds option.
The _id field does not support TTL indexes.
You cannot create a TTL index on a capped collection.

For a time-series collection, you can create TTL indexes only on the collection’s

timeField.
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You cannot use the createIndex () method to change the expireAfterSeconds
value of an existing index. Instead, use the col1Mod database command.

If a non-TTL single-field index already exists for a field, you cannot create a TTL
index on the same field because indexes with the same key specification but differing
options are not allowed. To convert a non-TTL single-field index to a TTL index, use
the collMod database command.

TIP  Ifyou are deleting documents to reduce storage costs, consider using the
Online Archive feature in MongoDB Atlas (chapter 17). Online Archive auto-
matically moves infrequently accessed data to fully managed Amazon S3 buck-
ets, providing a cost-effective solution for data tiering.

NOTE Beginning with MongoDB 7.1, TTL indexes can be created on capped
collections.

Hidden indexes

By hiding an index, you can test the effects of its absence without removing it perma-
nently. If the results are unfavorable, you can unhide the index instead of re-creating it.

Hidden indexes are not visible to the query planner and are not used to support que-
ries. If you hide an index on the runtime field and notice a significant slowdown in user
lookup queries, for example, you can unhide the index to restore performance without
re-creating it.

To hide an existing index, use the db.collection.hideIndex () method. To hide
and index on the runtime field in the sample mflix.movies collection, use the follow-
ing command:

db.getSiblingDB ('sample mflix') .movies.hideIndex(
{ runtime: 1 } // Specify the index key specification document

)

To unhide a hidden index, use the col1lMod command or mongosh helper method:

db.collection.unhideIndex ()
db.getSiblingDB ('sample mflix') .movies.unhideIndex (
{ runtime: 1 } // Specify the index key specification document

)

These commands allow you to manage the visibility of indexes in the movies collection
within the sample mflix database.

Apart from being hidden from the planner, hidden indexes behave like unhidden
indexes. A hidden index that is a unique index still enforces its unique constraint on
the documents. Similarly, if a hidden index is a TTL index, it still expires documents
as expected. Hidden indexes are updated with write operations to the collection and
continue to consume disk space and memory. Hiding an unhidden index or unhiding
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a hidden index resets its $indexstats (explained in section 7.6.1), but hiding an
already-hidden index or unhiding an already-unhidden index does not.

Understanding index builds

Index builds engage in an optimized construction technique that involves securing an
exclusive lock on the collection at the beginning and end of the build. Throughout
the rest of the construction process, it allows the interleaving of read and write opera-
tions. Index builds across a replica set or sharded cluster occur simultaneously on all
data-bearing members of the replica set. The primary node mandates that a minimum
number of data-bearing, voting members, including itself, complete the build. Only
then is the index marked as ready for use.

Beginning with MongoDB 7.1, improvements have been made to index builds,
enhancing error-reporting speed and bolstering failure resilience. Also, you can spec-
ify the minimum required disk space for index builds using the new indexBuildMin-
AvailableDiskSpaceMB parameter. This parameter halts index builds if available disk
space falls below the set threshold. Table 7.1 outlines the differences in index build
behavior between MongoDB 7.1 and previous versions.

Table 7.1 Mongo build behavior for different versions

MongoDB 7.1 Earlier MongoDB versions

During the collection scan phase, any index errors Delays in reporting index build errors may occur
detected, except duplicate key errors, are reported because the errors are returned toward the end of
immediately, and the index build is halted. the index build, in the commit phase.

If an index build encounters an error, a secondary An error during an index build might lead to the
member can instruct the primary member to halt crash of a secondary member.

the index build, preventing the secondary member
from crashing.

An index build can be halted automatically if avail- An index build is not halted due to insufficient avail-
able disk space falls below the threshold specified able disk space.

inthe indexBuildMinAvailableDisk-
SpaceMB parameter.

Currently, MongoDB exclusively locks only the collection being indexed at the begin-
ning and end of the build to safeguard metadata changes. The rest of the build pro-
cess uses the yielding behavior of background builds, enhancing read—write access to
the collection during construction. This approach maintains efficient index structures
while allowing more flexible access.

The index build process unfolds as follows:

Upon receiving the createIndexes command, the primary immediately logs a
"startIndexBuild" oplog entry tied to the index build.

The secondary members initiate the index build upon replicating the "start-
IndexBuild" oplog entry.
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Each member casts a vote to commit the build after completing the indexing of

the collection’s data.

If no violations occur, the build continues with these steps:

While waiting for the primary to confirm a quorum of votes, secondary mem-

bers integrate any new write operations into the index.

When a quorum is confirmed, the primary checks for key-constraint viola-

tions, such as duplicate keys.

If no violations are found, the primary finalizes the index build, marks the

index as ready, and logs a "commit IndexBuild" oplog entry.
If key constraint violations occur, the index build is deemed a failure:

The primary logs an "abortIndexBuild" oplog entry and halts the build.

Secondaries that replicate the "commitIndexBuild" oplog entry complete the

index build.

If secondaries replicate an "abortIndexBuild" oplog entry, they terminate

the index build and discard the build task.

TIP Index builds can affect the performance of a replica set. For workloads
that cannot afford a decrease in performance during index builds, consider
using a rolling index build process. This method involves taking one replica-
set member offline at a time, beginning with the secondary members, and
building the index on that member while it is temporarily running as a
standalone server outside the replica set. Rolling index builds necessitate at
least one replica-set election.

NOTE If you invoke db.collection.createIndex () on an index that already
exists, MongoDB will not re-create the index.

Monitoring in-progress index builds

Listing 7.11 Status of an Index build operation

db . adminCommand (

{

currentOp: true,

Sor: [
{ op: "command", "command.createIndexes": { $exists: true } },
{ op: "command", "command.Struncated": /*\{ createlIndexes/ },

{ op: "none", "msg" : /*Index Build/ }

To monitor the status of an index build operation, you can use the db.currentOp ()
method in mongosh (chapter 3). The next listing show the executed command that
returns information on index creation operations on any number of fields.
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Terminating in-progress index builds

To terminate an in-progress index build, use the dropIndexes command or its shell
helpers dropIndex() or dropIndexes (). If an index specified in dropIndexes is still
being built, the command attempts to halt the in-progress build. Halting an index
build effectively has the same result as dropping the completed index.

NOTE Do notuse killop (chapter 21) to terminate an in-progress index build
in replica sets or sharded clusters; this can lead to inconsistent state across
nodes and may require manual cleanup.

Managing indexes

Effective index management is crucial for optimizing query performance and ensur-
ing efficient data retrieval in MongoDB. Proper handling of indexes can significantly
enhance the efficiency and speed of your database operations. Always check whether
the indexes in your database are appropriate and being used; if they are not used,
remove them. Having too many indexes can lead to additional overhead, consuming
more disk space and slowing write operations. Ensure that only necessary, frequently
used indexes are maintained for optimal performance.

Discovering the SindexStats aggregation pipeline stage

The more indexes you have, the more work MongoDB must do when inserting a docu-
ment because it needs to update each index. Indexes operate behind the scenes, mak-
ing it difficult to determine whether they are being used.

MongoDB monitors use statistics for each index. To access these statistics, you can
use the sindexStats aggregation pipeline stage. The following listing shows how to
retrieve these statistics.

Listing 7.12 Displaying $indexStats statistics

db.movies.aggregate( [ { $indexStats: { } } 1)
[
{

name: 'year 1 title 1 imdb.rating 1°',

key: { year: 1, title: 1, 'imdb.rating': 1 },

accesses: { ops: Long('ll'), since: ISODate('2024-06-01)},
host: 'ac-pikzgg8-shard-00-02.a7niyd4.mongodb.net:27017"'

The name of the index is year_1_title_ 1_imdb.rating 1. The key pattern of the
indexis { year: 1, title: 1, 'imdb.rating': 1 }. The number of operations that
have accessed the index is 11, collected since 2024-06-01. The host information in
which the index resides is ac-pikzgg8-shard-00-02.a7niyd4 .mongodb.net :27017.

You can also use this script to log index-use statistics across all databases, excluding
the admin, config, and local system databases:
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db.getMongo () .getDBNames () . forEach (function (dbname) {
// Processing the database
if (dbname !== "admin" && dbname !== "config" && dbname !== "local")
{ // skip system databases
var currentDB = db.getSiblingDB (dbname) ;
currentDB.getCollectionNames () . forEach (function (cname) {
// Processing the collection
var indexStats = currentDB[cname] .aggregate ([{ $indexStats: {}
}1) .toArray(); // Use $indexStats aggregation
indexStats.forEach (function (indexStat) {
// Log index usage statistics
print ("Index usage statistics: " +
JSON.stringify (indexStat)) ;
1
P i

)

For each database, the script retrieves all collection names and processes each collec-
tion. Using the $indexStats aggregation stage, it collects index-use statistics for each
collection and prints these statistics to the console.

You can also use MongoDB Compass to display index statistics. Figure 7.5 shows
the Compass GUI used to manage indexes in the sample mflix.movies collection.
The interface displays details about each index, including name, type, size, use, and

properties.

Figure 7.5 Index statistics help you make decisions about index maintenance and optimization. For the sample
mflix.movies collection,the title text fullplot_text index is atext index that has been accessed 0
times since December 17, 2024, whereas the year 1 title 1 imdb.rating 1 compound index has been
accessed 16 times since December 17, 2024. (Image © MongoDB 2025)

7.6.2

TIP Index statistics are reset on every mongod service restart.

Modifying indexes

To modify an existing index, you have to drop and re-create it. TTL indexes are an
exception, however; you can modify them by using the col1lMod command along with
the index collection flag.

Dropping an actively used index in production can lead to performance degrada-
tion. To prevent this degradation, you can create a temporary redundant index that
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includes the existing index keys as a prefix and a dummy field as a suffix. This approach
ensures that queries can still use an index during the modification process.

After dropping the original index, re-create it with the desired modifications. When
the new index is in place, drop the temporary index, ensuring that queries continue to
operate efficiently. Confirm that the new index has been updated successfully by view-
ing the collection’s indexes. This method ensures seamless index modifications without
disrupting application performance.

Controlling index use with hint ()

Sometimes, you want to compel MongoDB to use a specific index. To do this for a
db.collection.find() operation, use the hint () method. Attach the hint () method
to the £ind () method to specify the desired index, as in this example:

db.movies.find(

{ year: 1914, "imdb.rating": { $gte: 7 } }
) .sort (

{ title: 1 }
) .hint (

{ year: 1, type: 1, "imdb.rating": 1 })

The hint () method tells MongoDB to use the specific compound index { year:
1, type: 1, "imdb.rating": 1 } to execute the query. You can check it by adding
explain() to the query:

db.movies.find(
{ year: 1914, "imdb.rating": { S$gte: 7 } }
) .sort (
{ title: 1 }
) .hint (
{ year: 1, type: 1, "imdb.rating": 1 }
) .explain ("executionStats") ;

This approach can be useful if the index you want to use is not being selected by the
query planner. If you know that a particular index will provide better performance
for a specific query, using hint () ensures MongoDB uses that index. Also, if you are
diagnosing query performance problems or want to test the effect of different indexes,
hint () allows you to force the use of a specific index for precise control and analysis.

Using indexes with SOR queries

When evaluating the clauses in a $or expression, MongoDB performs a collection scan
or, if all clauses are supported by indexes, performs index scans. For MongoDB to use
indexes to evaluate a $or expression, all the clauses in the $or expression must be sup-
ported by indexes; otherwise, MongoDB performs a collection scan.

When you use indexes with $or queries, each clause of a $or can use its own index.
Consider the following query on the movies collection in the sample_mflix database:



7.6.5

7.6.6

Managing indexes 175

db.movies.find ({
Sor: [
{ year: 1914 },
{ "imdb.rating": { $gt: 7 } }
]

}) .explain ("executionStats")

The movies collection had this index created earlier in the chapter: { year: 1, type:
1, "imdb.rating": 1 }.Because the existing compound index { year: 1, type: 1,
"imdb.rating": 1 } doesnotfully supportboth conditions in the sor clause, MongoDB
performs a collection scan instead of using the index. The index does not have imdb
.rating as the leading field, so it cannot be used effectively for the { "imdb.rating":
{ $gt: 7 } } condition.

To avoid a collection scan and optimize the query performance, you must ensure that
each condition in the $or clause is supported by an appropriate index. MongoDB uses
indexes to evaluate a sor expression only if all the clauses are supported by indexes. To
ensure that both conditions in the $or clause are supported by indexes and to optimize
query performance, create an additional index for the imdb. rating condition:

db.movies.createIndex ({ "imdb.rating": 1 })

This setup ensures that both conditions in the $or clause are supported by indexes,
preventing a collection scan and optimizing query performance.

Using indexes with the SNE, SNIN, and SNOT operators

The performance effect of the sne (not equal), $nin (not in), and $not operators
depends on the index structure. Although single-field indexes may offer limited bene-
fits, the query planner can still use multifield indexes effectively.

Ensuring that indexes fit in RAM

To follow best practices, ensure that random-access indexes fit entirely in RAM for fast-
est processing. This prevents the system from reading the index from disk.

To determine the size of your indexes, use the db.collection.totalIndexSize ()
helper, which provides the size in bytes:
var indexSizeBytes = db.movies.totalIndexSize() ;
var indexSizeGB = indexSizeBytes / (1024 * 1024 * 1024);

print ("Total Index Size in GB: " + indexSizeGB) ;

Total Index Size in GB: 0.015438079833984375

TIP  You can also use MongoDB Compass to check index sizes.

NOTE Indexes don’t always need to fit entirely into RAM. If the indexed
field increments with each insert, and most queries target recent documents,
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MongoDB needs to keep only the most recent or “rightmost” parts of the index
in RAM. This ensures efficient index use for reading and writing operations
while minimizing RAM use.

Sorting on multiple fields

You can use a compound index to enable sorting on multiple fields. You can sort using
all the keys in the index or only a subset, but the sort keys must be in the same order
as they are in the index. The index key pattern { a: 1, b: 1 }, for example, supports
sortingby { a: 1, b: 1 }butnotby{ b: 1, a: 1 }.

Suppose that you want to sort by runtime and then by year in the movies collection.
First, create a compound index on these fields:

db.movies.createIndex ({ runtime: 1, year: 1 })

Then use the following query to sort movies by runtime in ascending order and then
by year in ascending order:

db.movies.find () .sort ({ runtime: 1, year: 1 }

You can also execute a query that filters documents in which runtime is greater than 40
and then sort the results by runtime in ascending order and year in ascending order.
Here is the query:

db.movies.find ({ runtime: { $gt: 40 } }).sort({ runtime: 1, year: 1 })

The index { runtime: 1, year: 1 } allows MongoDB to filter documents in which
runtime is greater than 40 and then sort the results by runtime and year.
In the theaters collection, create a compound index on theaterId, location

.address.city,and location.address.zipcode:

db.theaters.createlndex({ theaterId: 1, "location.address.city": 1,
"location.address.zipcode": 1 })

Use the following code to sort theaters by theaterId in ascending order, then by city in
ascending order, and finally by zip code in ascending order:

db.theaters.find().sort({ theaterId: 1,
"location.address.city": 1, "location.address.zipcode": 1 })

MongoDB can use compound indexes to optimize sort operations. By understanding
and using index prefixes, you can ensure that your queries are as efficient as possi-
ble. Ensure that the order of fields in your sort operations matches the order in your
indexes to maximize performance.
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Introducing covered queries

A covered query in MongoDB is one in which all the fields used in the query and the
fields returned by the query are included in an index. This allows MongoDB to retrieve
the results directly from the index without scanning the documents in the collection,
leading to more efficient query performance.

The following code is a covered query because there is already an index, { year:
1, title: 1, "imdb.rating": 1 }, thatincludes all the fields used in the query filter
(vear and imdb.rating) and the fields returned by the query (title and year). This
allows MongoDB to use the index to retrieve the results directly without scanning the
documents in the collection:

db.movies.find(

{ year: 1914, "imdb.rating": { S$gte: 7 } },
{ title: 1, year: 1, _id: 0 }

) .explain ("executionStats™")

winningPlan: {
stage: 'PROJECTION_COVERED',
transformBy: { title: 1, year: 1, _id: 0 },
inputStage: {
stage: 'IXSCAN',
keyPattern: { year: 1, title: 1, 'imdb.rating': 1 },
indexName: 'year 1 _title_1_imdb.rating 1°'

executionStats: {
executionSuccess: true,
nReturned: 2,
executionTimeMillis: O,
totalKeysExamined: 4,
totalDocsExamined: 0

The execution plan shows that the query used the compound index { vyear: 1,
title: 1, "imdb.rating": 1 }.Itwasa covered query (PROJECTION_COVERED), mean-
ing that all the required fields were retrieved directly from the index without scanning
the documents in the collection. The index scan (1xscaN) used the specified index to
filter the results. The execution was successful, returning two documents in 0 ms, with
four index keys examined and zero documents scanned.

WARNING Forgetting to exclude _id is a common failure in creating a covered
query. Also, multikey indexes cannot provide a covered query plan if any of the
returned fields contains arrays.

When to not use an index

Indexes are best for retrieving small data subsets. For large queries, they can be slower
because they require two lookups: one for the index entry and one for the document.
A collection scan needs only one lookup. If a query returns a large portion of the
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collection, using an index can be inefficient and slow. There’s no exact rule about
when an index helps or hinders; the decision to use one depends on data size and
other factors. Typically, an index speeds queries if they return less than 30% of the col-
lection, though this figure can range from 2% to 60%.

Suppose that you have a monitoring system that collects server logs. Your application
queries the system for all logs from a specific server to analyze activity from the past
week:

db.logs.find(

{ "server id": "serverl23",
"timestamp": { "$gt": weekAgo } }
)

You index “timestamp” to speed this query. When you first launch, the result set is
small, and the query returns instantly. But after a few weeks, the amount of data grows,
and after a month, this query starts taking too long to run.

Summary

The MongoDB query planner analyzes multiple execution plans to select the
most efficient one, using indexes to minimize response times and resource use. If
no suitable index is available, it performs a full collection scan, which is less effi-
cient and can significantly burden the database, especially with large data sets.

MongoDB uses two query engines—the classic query engine and the slot-based
query engine—to find and return results. MongoDB chooses the engine auto-
matically, and you can’t select it manually. The slot-based engine usually offers
better performance and lower CPU and memory use.

To access query plan details in MongoDB, use db.collection.explain()
or cursor.explain() with verboseness levels such as "queryPlanner",
"executionStats", and "allPlansExecution" for varying detail. These tools
help you understand performance characteristics and diagnose query efficiency
problems.

MongoDB supports various index types to enhance query performance, includ-
ing single-field, compound, multikey, text, wildcard, geospatial, and hashed.
Each index type caters to different query requirements, optimizing data retrieval
based on the fields and operations involved.

You can create an index using the db.collection.createIndex() mongosh
helper method, the database createIndexes command, or the Compass or Atlas
Ul

MongoDB index attributes affect how the query planner uses indexes and stores
documents. Partial indexes reduce storage and performance costs by indexing
only documents that meet a filter expression. Sparse indexes include only docu-
ments with the indexed field, and TTL indexes delete documents automatically
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after a set time. Hidden indexes let you test their absence without removal,
remaining invisible to the planner but still enforcing constraints and TTL
deletions.

Index builds in MongoDB secure exclusive locks on collections at the beginning
and end, allowing interleaved read and write operations during the process. You
can monitor and terminate in-progress index builds using commands such as
db.currentOp () and dropIndexes.

To optimize sort operations, use compound indexes, ensuring that the sort keys
match the order of the index fields. You can create an index on { fieldi: 1,
field2: 1 } and thensortdocuments by fieldl and field2 in ascending order
using db.collection.find () .sort ({ fieldl: 1, field2: 1 }).

Managing indexes involves using tools such as the $indexStats aggregation
stage to monitor index use and hint () to control which indexes are used for
specific queries.

Indexes that fitin RAM optimize performance, and covered queries improve effi-
ciency by retrieving results directly from indexes without scanning documents.
MongoDB uses indexes to evaluate a $or expression only if all clauses are sup-
ported by indexes; otherwise, it performs a collection scan.
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This chapter covers

Understanding the WiredTiger Storage Engine
Examining the ACID principles

Comparing the Core and Callback APIs
Implementing transactions with the Node.js
driver

Performing transactions using the Python driver
Managing transactions with the Ruby driver

Transactions are discrete units of operation within a database management system,
comprising multiple related read and write actions. These operations are grouped
together and must all succeed as a whole or fail together, ensuring that no partial
updates are left in the database. Consider a transaction for booking a travel package
that includes a flight and a hotel. If the booking process successfully reserves a flight
but encounters a problem with the hotel reservation, the entire transaction must be
aborted. This means the flight reservation would also be undone, maintaining the
status quo in the database.
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Although MongoDB is a nonrelational database and traditionally does not follow the
relational model’s approach to transactions, it has long ensured data integrity through
its single-document operations. With the introduction of multidocument atomicity,
consistency, isolation, and durability (ACID) transactions, however, MongoDB has sig-
nificantly broadened its applicability and enhanced its capability to handle complex
transaction scenarios.

WiredTiger storage engine

WiredTiger is a high-performance, scalable, open source NoSQL platform for data
management, characterized by its extensibility and production-quality capabilities.
MongoDB acquired WiredTiger, incorporating it as its default storage engine, which
significantly enhances MongoDB’s performance and scalability. WiredTiger uses mul-
tiversion concurrency control (MVCC) to allow multiple read and write operations to
occur simultaneously without blocking, which minimizes contention. Its support for
compression reduces the amount of storage needed and improves 1/O efficiency. It
also uses in-memory caching, which reduces the need for frequent disk access, further
speeding read and write operations. Its free locking mechanism allows operations to
target specific data, improving concurrency and reducing bottlenecks. It supports mul-
tiple storage architectures:

Row-oriented storage—All columns of a row are stored together, which is efficient
for accessing complete records.

Columm-oriented storage—Columns are stored separately, optimizing the storage
and retrieval of subsets of columns.

WiredTiger also features ACID transactions, supporting standard isolation levels and
providing durability at both checkpoint and fine-grained levels. It can function as a
simple key-value store and offers a comprehensive schema layer that includes indices
and projections.

Snapshots and checkpoints

WiredTiger uses MVCC to provide a consistent point-in-time snapshot of the data,
ensuring consistent views of in-memory data. When writing to disk, all snapshot data
is committed in a consistent manner across data files, creating a durable checkpoint.
Checkpoints ensure data file consistency up to the last checkpoint and serve as recov-
ery points.

MongoDB checkpoints are scheduled every 60 seconds. Even during checkpoint cre-
ation, the previous checkpoint remains valid, facilitating recovery from the last valid
checkpoint in case of errors or shutdowns. A new checkpoint becomes permanent and
replaces the old one when WiredTiger’s metadata table is atomically updated.

Since MongoDB 5.0, you can use the minSnapshotHistoryWindowInSeconds param-
eter to specify how long WiredTiger retains snapshot history. Increasing this value
results in greater disk use as more history is maintained—crucial in high-volume envi-
ronments. The history is stored in the wiredTigerHs.wt file in the specified dbpath.



182

812

813

8.14

8.2

CHAPTER 8  Executing multidocument ACID transactions

Journaling

WiredTiger uses a write-ahead logging journal in conjunction with checkpoints to
ensure data durability. The journal records all modifications between checkpoints. If
MongoDB exits unexpectedly between checkpoints, the journal is used to replay data
modifications since the last checkpoint, ensuring no data loss. WiredTiger compresses
journal entries using the snappy compression library by default, but you can customize
it through the storage.wiredTiger.engineConfig.journalCompressor setting.

Compression

Compression in WiredTiger allows MongoDB to reduce storage for all collections and
indexes; this incurs the cost of increased CPU use. WiredTiger defaults to block com-
pression using the Snappy library for collections and prefix compression for indexes.
Additional block compression options for collections include zlib and zstd. The
WiredTiger journal is also compressed by default.

Memory use

In MongoDB, memory use is managed through both the WiredTiger internal cache
and the filesystem cache. The default size for the WiredTiger internal cache is deter-
mined by whichever is greater:

50% of the remaining RAM after deducting 1 GB
A minimum of 256 MB

On a system with 8 GB of RAM, the WiredTiger cache would be set to 3.5 GB of RAM,
calculated as 50% of (8 GB-1 GB). Alternatively, on a system with only 1.28 GB of
RAM, the WiredTiger cache would default to 256 MB because 50% of the remaining
RAM after deducting 1 GB (which would be 128 MB) is below the 256 MB minimum
threshold.

Single-document transaction

Let’s start by discussing single-document transactions. In MongoDB, each operation
on asingle document is atomic. This means that any operation—whether it’s updating,
deleting, or inserting a document—is completed in full or not completed. This level of
atomicity ensures data integrity without traditional locking mechanisms.

If an update operation on a document is initiated but fails midway due to a system
crash or network problem, MongoDB ensures that no changes are applied, maintaining
the pretransaction state of the document. This built-in atomicity is crucial for maintain-
ing consistency and reliability in applications when they do not require the complexity
of multidocument transactions

MongoDB ensures atomicity at the single-document level by using an underlying
storage WiredTiger mechanism. When an operation is performed on a document, the
changes are first applied in-memory. Only when the operation is fully successful are the
changes written to disk.
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WiredTiger supports document-level concurrency control for write operations,
allowing multiple clients to modify different documents in the same collection at the
same time. This is achieved using optimistic concurrency control with intent locks at
the global, database, and collection levels. If there is a conflict, WiredTiger detects
it, and one operation might face a write conflict, causing MongoDB to retry the
operation.

Optimistic concurrency control (OCC) handles data conflicts during transactions,
which works well in MongoDB’s WiredTiger, where conflicts are expected to be rare.
Transactions use minimal up-front locking, reducing system overhead and improving
performance. A transaction reads data and keeps a snapshot of the data at the begin-
ning, using version numbers or timestamps to detect changes. If a change is detected
during a write, it triggers a write conflict.

When a conflict occurs, the transaction might be aborted and restarted or forced to
wait and retry, depending on the configuration. OCC’s main benefit is preventing locks
during the read phase, boosting performance when write conflicts are rare. If conflicts
are frequent, however, the cost of restarting transactions can reduce this benefit.

Defining ACID
ACID is a set of principles that ensure reliable processing of database transactions:

Atomicity—Guarantees that each transaction is treated as a single unit that either
completes entirely or is completely undone; no intermediate states are allowed.
If any part of a transaction fails, the entire transaction fails, and the database state
is left unchanged.

Consistency—Ensures that any transaction brings the database from one valid
state to another. No transaction can violate the database rules.

Isolation—Determines how transaction integrity is visibly affected by the interac-
tion between concurrent transactions. The goal is to make transactions appear
isolated from one another even though they may be executed concurrently.

Durability—Ensures that when a transaction has been committed, it remains so,
even in the event of a power loss, crash, or other system failures.

These properties are necessary for maintaining the integrity and reliability of a data-
base, preventing data corruption and ensuring that the database accurately reflects
confirmed transactions.

A database is said to be ACID-compliant when it consistently upholds the principles
of atomicity, consistency, isolation, and durability across all its transactions. This com-
pliance ensures that the database processes transactions in a reliable, error-resistant
manner, safeguarding against data loss and ensuring data integrity even in adverse
conditions such as system crashes or power failures. ACID compliance is crucial for
applications that require strong data consistency, such as financial systems, in which the
accuracy and reliability of transaction processing are paramount.
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Multidocument transactions

In MongoDB, operations on single documents are atomic. Because MongoDB uses
embedded documents and arrays to represent relationships within a single document
rather than normalizing data across multiple documents and collections, its single-
document atomicity often eliminates the need for distributed transactions in many
common scenarios.

For use cases that require atomic operations across multiple documents or collec-
tions, MongoDB supports distributed transactions. These transactions can span multi-
ple operations, collections, documents, databases, and shards.

Differentiating the Core and Callback APIs

MongoDB offers two distinct APIs for handling ACID transactions, detailed in table
8.1. The first, known as the Core API, employs syntax similar to that of relational data-
bases, featuring commands such as startTransaction and commitTransaction. The
second is the callback API, which is the preferred method for implementing transac-
tions and the one we focus on in this chapter.

The core API, while straightforward, does not include automatic retry logic for most
errors, leaving developers responsible for manually coding the transaction operations,
the commit function, and any necessary retry and error-handling mechanisms.

Table 8.1 Core API vs. Callback API

Core API Callback API

Requires an explicit call to initiate and commit the
transaction

Does not automatically handle errors such
as TransientTransactionError and
UnknownTransactionCommitResult.
Instead, it allows the integration of custom
error-handling mechanisms.

Requires explicitly passing a logical session to the
API for each transaction

Initiates a transaction, performs the specified
operations, and commits them or aborts if an error
occurs

Automatically includes error-handling logic
for TransientTransactionError and
UnknownTransactionCommitResult

Requires explicitly passing a logical session to the
API for each transaction

The Callback API in MongoDB offers a comprehensive function that simplifies trans-
action management . It manages starting a transaction linked to a specific logical ses-
sion, running a callback function, and committing or aborting the transaction based
on the presence of errors. This function also integrates retry logic for handling com-
mit errors. The Callback API aims to ease application development with transactions
and facilitates the addition of retry logic for handling transaction errors.

In both the Core and Callback APIs, developers must initiate the logical session
required for the transaction. Each operation within a transaction must be associ-
ated with this logical session. MongoDB uses logical sessions to track the timing and
sequence of operations across the entire deployment. The logical or server sessions are
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fundamental for supporting retriable writes and causal consistency, which are essen-
tial for transaction capabilities. These sessions ensure that a sequence of related read
and write operations maintains its causal relationships through their order, known as
causally consistent client sessions. A client session started by an application engages with a
server session for these purposes.

Using transactions with mongosh

Transactions are usually created and run through external applications using API
methods via the appropriate MongoDB driver for the application’s programming
language. But let’s start with the first example executed in MongoDB Shell (mongosh).
Listing 8.1 demonstrates how to manually initiate a transaction in mongosh, perform
specified operations, and commit or abort the transaction if an error occurs. Although
this method requires explicit handling of each step and does not manage error-
handling logic automatically, it is useful for understanding the fundamental steps
involved in transaction management in MongoDB. Run this code in mongosh part
by part.

Listing 8.1 Executing a multidocument transaction in mongosh

function executeTransaction(session) {
const dbSampleAnalytics = session.getDatabase('sample analytics')

session.startTransaction ({
readConcern: { level: 'snapshot' },
writeConcern: { w: 'majority' },
readPreference: 'primary'

)

try {

const account = dbSampleAnalytics.accounts.findOne
({ account_id: 371138 })

if (laccount) {

throw new Error ('Account not found')

}

const newTransactionCount = (account.transaction count || 0) + 1

dbSampleAnalytics.accounts.updateOne (
{ account_id: 371138 },
{ $set: { limit: 12000, last transaction date: new Date() },
$inc: { transaction count: 1 }
}
)
dbSampleAnalytics.customers.updateMany (
{ accounts: { $in: [371138] } },
{ $inc: { transaction count: 1 },
$set: { last transaction date: new Date() }
}
)

dbSampleAnalytics.transactions.insertOne ({
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account id: 371138,

transaction_count: newTransactionCount,
date: new Date(),

amount: 1500,

transaction code: 'buy'

I3
session.commitTransaction ()

} catch (error) ({
session.abortTransaction ()
throw error;

The first part of the code defines a function executeTransaction(session), which
initiates a transaction in MongoDB using mongosh. It starts a transaction with specified
read and write concerns and read preferences. Within a try block, it performs sev-
eral database operations: finding an account (ID 371138), updating the account and
related customers, and inserting a new transaction document. If any operation fails,
it aborts the transaction and throws an error. If all operations succeed, it commits the

transaction:
function runTransactionWithRetry()
const maxRetries = 5

let session
for (let attempt = 0; attempt < maxRetries; attempt++) {

session = db.getMongo () .startSession ()

try {
executeTransaction (session)
return

} catch (error) ({
console.error ("Attempt " + attempt + ": an error occurred", error)
if (error.hasOwnProperty ('errorLabels') &&

(error.errorLabels.includes ('TransientTransactionError')
|| error.errorLabels.includes ('UnknownTransactionCommitResult')))
continue

1
throw error

} finally {

session.endSession ()

}

throw new Error ('Max retries reached. Transaction failed.')

The second part of the code defines the runTransactionWithRetry function,
which attempts to execute a transaction up to five times using the execute-
Transaction function. It starts a new session for each attempt. If an error labeled
TransientTransactionError Or UnknownTransactionCommitResult occurs, the func-
tion retries the transaction. If it encounters other errors or exceeds the retry limit, it
throws an error. Each session ends in the finally block:
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try {

runTransactionWithRetry () ;
} catch (error) {

throw new Error ('Transaction failed after retries: ' + error.message)
}

The final code block attempts to run the runTransactionWithRetry function. If it fails
after all retries, it catches the error and throws a new error with a message indicating
the transaction failure.

Using transactions with the Callback API

It’s important to use the Callback API instead of the Core API in any language, as the
Core API can lead to potential problems with scalability and error handling. The Call-
back API provides a more robust and reliable approach to transaction management.
Each language has its own syntax and constructs for handling transactions, yet the
underlying methodology for executing and managing transactions is similar.

TIP  You can also create collections and indexes in transactions.

NOTE In most cases, distributed transactions come with higher performance
costs compared with single-document writes, and their availability should not
replace proper schema design. In many use cases, a denormalized data model
using embedded documents and arrays remains the best choice. By mod-
eling your data properly, you can often reduce the necessity for distributed
transactions.

NODE.JS TRANSACTIONS

Now let’s see how transaction handling works using Node.js. Listing 8.2 demonstrates
a multidocument transaction in Node.js using the MongoDB Node.js. This script ini-
tiates a transaction using the withTransaction method from the MongoDB Driver’s
Callback API. The withTransaction method is part of the higher-level Callback API
that simplifies transaction management by allowing you to define a callback function
containing the operations to be performed within the transaction. It handles starting,
committing, and retrying the transaction in case of transient errors, ensuring that all
operations succeed or fail together, maintaining atomicity and consistency.

Listing 8.2 Executing a multidocument transaction with Node.js and Callback API

const { MongoClient } = require ('mongodb')

// Replace with your actual connection string
const uri = "your mongodb connection_ string"

async function run(accountId)
const client = new MongoClient (uri)

try {
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await client.connect ()
const session = client.startSession()

const transactionOptions = {
readConcern: { level: 'snapshot' },
writeConcern: { w: 'majority' },
readPreference: 'primary'

await session.withTransaction(async () => {
const accounts = client.db('sample analytics').collection('accounts')
const customers = client.db('sample analytics').collection('customers"')
const transactions = client.db('sample analytics').
collection('transactions')
const currentDate = new Date ()

const account = await accounts.findOne (
{ account_id: parselnt (accountId) },
{ session }

)

if (laccount) throw new Error ('Account not found')

const accountsUpdateResult = await accounts.updateOne (
{ account id: parselnt (accountId) },
{
$set: { limit: 12000, last transaction date: currentDate },
$inc: { transaction count: 1 }
1

{ session }

const customersUpdateResult = await customers.updateMany (
{ accounts: { $in: [parselnt (accountId)] } },
$inc: { transaction count: 1 },
$set: { last transaction date: currentDate }

{ session }

const transactionsInsertResult = await transactions.insertOne (
{
account_id: parselnt (accountId),
transaction_count: account.transaction count + 1,
bucket start_date: currentDate,
bucket end date: currentDate,
transactions: [
{

date: currentDate,

amount: 1500,

transaction code: 'buy',

symbol: 'amzn',

price: '125.00',

total: '187500.00"
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]
b

{ session }

console.log ("Transaction committed.")

(
console.log ("Accounts updated:", accountsUpdateResult.modifiedCount)
console.log("Customers updated:", customersUpdateResult.modifiedCount)
console.log("New transaction inserted:", transactionsInsertResult.
insertedId)

}, transactionOptions)

session.endSession ()
} catch (error) {

console.error ("Transaction aborted due to error:", error)
} finally {

await client.close()

}
}

// Get accountId from command line arguments
const accountId = process.argv[2]
if (laccountId)
console.error ("Please provide an account ID as an argument.")
process.exit (1)

}

run (accountId) .catch(console.dir)

To run the script, first install Node.js from nodejs.org. Then install the MongoDB
Node.js Driver by running npm install mongodb in your terminal. Create a file named
transaction.js, and copy the scriptinto this file. Update the uri variable in the script
with your MongoDB connection string, and run the script with node transaction.js
714727. (714727 is one of the account IDs in the accounts collection.)

The script imports MongoClient from the MongoDB library and defines the con-
nection URI. The run function creates a new MongoClient instance, connects to the
MongoDB server, and defines collections for accounts, customers, and transactions.
It fetches the current date and, inside a try block, retrieves an account document.
If it finds an account document, the function calculates a new transaction count,
updates the account’s limit to 12000 using $set, increments the transaction count
using $inc, updates the customers’ transaction count and last transaction date using
$inc, and inserts a new transaction document for $1,500. If all operations succeed,
the transaction is committed; if any operation fails, the transaction is aborted, and
the erroris logged. The session ends in the finally block, and the client connection
is closed.

As you can see, running transactions with the MongoDB Node.js Driver is more
seamless than using mongosh. The script connects to MongoDB, starts a session, and
uses the withTransaction method to streamline transaction management. This
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approach automatically handles starting, committing, and retrying transactions in
case of errors, ensuring atomicity and consistency, which makes it ideal for production
environments.

PYTHON TRANSACTIONS

In this section, you’ll see how transactions are handled using Python. Listing 8.3 shows
executing a transaction in MongoDB using Python, also with the Callback API. This
example showcases a similar scenario to the Node.js driver: how to start a transaction,
perform multiple operations across collections, and ensure atomicity by committing or
aborting the transaction based on success or failure.

Listing 8.3 Executing a multidocument transaction with PyMongo and Callback API

#!/usr/bin/env python3

from pymongo import MongoClient, WriteConcern, ReadPreference
from pymongo.read concern import ReadConcern

from pymongo.errors import ConnectionFailure

from datetime import datetime

import sys

# Replace the uri string with your connection string

# Example: uri = "mongodb+srv://<usernames:<password>@
mongodb-in-action. fpomkke.mongodb.net"

uri = "your mongodb connection string"

# Callback function to be executed within the transaction

def callback (session, accountId) :
accounts = session.client.sample analytics.accounts
customers = session.client.sample analytics.customers
transactions = session.client.sample_analytics.transactions

current_date = datetime.now()

# Find the account document
account = accounts.find one({"account id": int (accountId)},
session=session)
if not account:
raise Exception('Account not found')

# Update the account document
accountsUpdateResult = accounts.update one (
{raccount id": int (accountId)},
{"¢set": {"limit": 12000,
"last transaction date": current date},
"$inc": {"transaction count": 1}},
session=session

# Update the customer documents
customersUpdateResult = customers.update many (
{"accounts": {"$in": [int (accountId)]}},
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{"$inc": {"transaction count": 1},
"$Sset": {"last transaction date": current date}},
session=session

# Insert a new transaction document
transactionsInsertResult = transactions.insert one ({
"account id": int (accountId),
"transaction count": account.get ('transaction count', 0) + 1,
"bucket start date": current date,
"bucket_end_date": current_date,
"transactions": [{
"date": current_date,
"amount": 1500,

"transaction code": "buy",
"symbol": "amzn",

"price": "125.00",
"total": "187500.00"

}]

}, session=session)

# Log the results

print ("Transaction committed.")

print ("Accounts updated:", accountsUpdateResult.modified count)

print ("Customers updated:", customersUpdateResult.modified count)

print ("New transaction inserted:", transactionsInsertResult.inserted id)

# Function to run the transaction
def run(accountId) :
client = None
try:
# Connect to the MongoDB client
client = MongoClient (uri)

# Start a session and execute the transaction
with client.start session() as session:
session.with transaction(
lambda s: callback(s, accountId),

# Pass accountId to the callback
read_concern=ReadConcern ("local"),
write concern=WriteConcern ("majority"),
read_preference=ReadPreference.PRIMARY,

)
except ConnectionFailure as err:
print (£"Connection error: {err}")
except Exception as e:
print (f"Transaction aborted due to error: {e}")
finally:
if client:
client.close()

# Entry point of the script
if name == "_ main_ ":
if len(sys.argv) < 2:
print ("Please provide an account ID as an argument.")
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sys.exit (1)

accountId = sys.argv[1l]
run (accountId)

To run the script, first install Python 3 from https://www.python.org and the pymongo
library by running pip install pymongo==4.7.3 in your terminal. Create a file named
transaction.py, and copy the script into this file. Update the uri variable in the
script with your MongoDB connection string. Finally, run the script with python3
transaction.py 785786. (785786 is one of the account IDs in the accounts collection.)

RUBY TRANSACTIONS

Let’s also see how to use the Callback API and execute transactions with Ruby. The
next listing shows an example of executing a transaction with Ruby, using the Callback
API to manage the process.

Listing 8.4 Executing a multidocument transaction with Ruby and Callback API

#!/usr/bin/env ruby

require 'mongo'
require 'date'

# Replace the uri string with your connection string
uri = "your mongodb_ connection_ string"

# Function to be executed within the transaction
def transaction callback(session, accountId)
db = session.client.use('sample analytics')
accounts = db[:accounts]
customers = db[:customers]
transactions = db[:transactions]

current_date = DateTime.now

# Find the account document

account = accounts.find({ "account id" => accountId.to i },
session: session) .first

raise 'Account not found' if account.nil?

# Ensure transaction count is not nil
account ['transaction count'] ||= 0

# Update the account document
accounts_update result = accounts.update_ one (
{ "account id" => accountId.to i },
{ "$set" => { "limit" => 12000, "last transaction date" =>
current date }, "$inc" => { "transaction count" => 1 } },
session: session

)

# Update the customer documents
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customers update result = customers.update many (
{ "accounts" => { "$in" => [accountId.to_i] } },
{ "$inc" => { "transaction count" => 1 }, "$set" =>
{ "last transaction date" => current date } },
session: session

# Insert a new transaction document

transactions insert result = transactions.insert one ({
"account id" => accountId.to i,
"transaction_ count" => account['transaction count'] + 1,

"bucket_start_date" => current_date,
"bucket_end_date" => current_date,
"transactions" => [{

"date" => current_date,

"amount" => 1500,

"transaction code" => "buy",

"symbol" => "amzn",

"price" => "125.00",

"total" => "187500.00"
1

}, session: session)

# Log the results

puts "Transaction committed."

puts "Accounts updated: #{accounts update result.modified count}"

puts "Customers updated: #{customers update result.modified count}"

puts "New transaction inserted: #{transactions_insert_result.inserted_id}"

end

# Function to run the transaction
def run(uri, accountId)
client = Mongo::Client.new(uri, write concern: { w: :majority })
begin
session = client.start_session

# Start a session and execute the transaction
session.with transaction(

read concern: { level: :snapshot },

write concern: { w: :majority },

read: { mode: :primary }

) do |s]
transaction_callback (s, accountId)
end

rescue Mongo::Error::0OperationFailure => e
puts "Transaction aborted due to error: #{e.message}"
ensure
client.close
end
end

# Entry point of the script
if ARGV.length < 1
puts "Please provide an account ID as an argument."
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exit 1
end

accountId = ARGV [0]
run (uri, accountId)

To run the script, first install Ruby from https://www.ruby-lang.org and the mongo
library by running gem install mongo in your terminal. Create a file named
transaction_script.rb, and copy the script into this file. Update the uri variable
in the script with your MongoDB connection string. Finally, run the script with ruby
transaction script.rb 721914. (721914 is one of the account IDs in the accounts
collection.)

MongoDB transaction considerations

MongoDB supports multidocument distributed transactions on sharded clusters,
enabling multidocument transactions across multiple shards. This ensures consistency
across distributed data while preserving the ACID properties, even in complex sharded
environments. Transactions allow rollback of changes if any operation within the trans-
action fails, providing a reliable mechanism for maintaining data integrity across dif-
ferent deployment topologies. Here are the best recommendations for transactions in
MongoDB:

Structure your data so that related data is stored together. This improves perfor-

mance and often eliminates the need for transactions.

Split long-running transactions into smaller parts to avoid exceeding the default
60-second timeout. This timeout can be extended if necessary.

Ensure that all operations within a transaction use indexes for faster execution.
Limit each transaction to modifying a maximum of 1,000 documents.

Configure appropriate read and write concerns.

Implement robust error-handling and retry mechanisms for transactions that fail
due to transient errors.

Be mindful that transactions involving multiple shards will have a performance
overhead.

The following operations are not permitted within transactions:

Creating new collections in cross-shard write transactions. If you write to an exist-
ing collection in one shard and implicitly create a collection in another shard,
MongoDB cannot handle both operations in the same transaction.

Explicitly creating collections (e.g., using the db.createCollection/()
method) and indexes (e.g., using the db.collection.createIndexes () and
db.collection.createIndex () methods) when using a read concern level
other than local. (Chapter 9 covers read concerns.)

The listCollections and listIndexes commands and their corresponding
helper methods.
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Other non-CRUD and noninformational operations, such as createUser, get-
Parameter, and count, along with their helper methods.

Summary

Transactions in database management systems ensure that sets of related read
and write actions either fully succeed or fail as a unit, preventing partial updates.
WiredTiger, MongoDB’s default storage engine, enhances performance and
scalability with row-oriented, column-oriented storage configurations.
Write-ahead logging and checkpoints in WiredTiger ensure data durability, with
changes logged in a journal to prevent data loss if MongoDB exits unexpectedly.
Compression in WiredTiger reduces storage needs for collections and indexes,
using snappy for collections and prefix compression for indexes, though it
increases CPU use.

WiredTiger supports document-level concurrency for write operations, allowing
multiple clients to modify documents simultaneously within the same collection.
OCC in WiredTiger minimizes up-front locking and uses versioning to handle
conflicts, enhancing performance when write conflicts are infrequent.
MongoDB offers two APIs for managing ACID transactions: the Core API, similar
to relational databases, and the Callback API, which automates processes.

The Core API requires manual handling of transaction operations, commits, and
error resolution, lacking automatic retry mechanisms.

MongoDB allows multidocument transactions within sharded clusters, spanning
multiple shards.

Organize your data so that related information is kept together. This boosts per-
formance and frequently makes transactions unnecessary.



Using replication
and sharding

This chapter covers

Learning the MongoDB replica set concept
Identifying replica set members
Understanding the MongoDB oplog
Tracking change streams

Creating sharded clusters in Atlas
Horizontal scaling with sharding

People often mix up replication and sharding, though they’re different systems
used in database management for distinct purposes. What’s the difference? Replica-
tion involves copying data and operations from a primary server to secondary ones
to enhance data availability. It’s particularly useful for recovering from disasters and
distributing read queries among multiple nodes to improve read performance and
reduce load on the primary. But all write operations still go through the primary
server, which can become a bottleneck.

Conversely, sharding partitions a large database into smaller segments, known as
shards, each housing a fraction of the complete data set on its own database server
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instance. Because the entire data set is distributed across multiple server instances,
write operations affecting multiple shards can be handled by the corresponding pri-
mary server instances, reducing the write bottleneck. To preserve data integrity and
availability, each shard must implement replication.

The integration of sharding and replication in MongoDB aims to bolster data dura-
bility and ensure consistent availability. Should a server instance of a shard fail, having
solely one data copy on that shard could lead to temporary data inaccessibility until the
server’s functionality is recovered or substituted. When replication is adopted within
each shard, however, the sharded architecture can sustain data accessibility and miti-
gate any service interruptions stemming from server downtimes. Moreover, this method
facilitates seamless, downtime-free rolling updates across the sharded setup, promoting
continuous and smooth operational maintenance.

MongoDB Atlas provides built-in replication by default to ensure high availability,
whereas sharding is available as an option for horizontal scaling. That means when
you’re using Atlas, you don’t have to set up and manage these configurations manu-
ally. Atlas automates the provisioning, setup, and scaling of your databases, taking the
burden of manual administration off your shoulders. This allows developers to focus
more on application development than on the operational challenges associated with
database management.

Ensuring data high availability with replication

A replica set in MongoDB consists of a group of mongod processes that hold identical
data sets. Replica sets ensure redundancy and high availability, serving as the founda-
tion for all production environments. These members can exist in various states and
fulfill different roles within the replica set.

Distinguishing replica set members

Listing 9.1 demonstrates the output of the db.adminCommand ("replSetGetStatus™)
command within the Atlas cluster we created in chapter 2. This output details the sta-
tus of each replica set member. This command is crucial for overseeing the health and
configuration of the replica set within MongoDB cluster.

Listing 9.1 Output of the replsetGetStatus command

db.adminCommand ("replSetGetStatus") .members.map ((m) =>
({ _id: m._id, name: m.name, state: m.state, stateStr: m.stateStr }))
[

id: o,
name: 'ac-5dhjxpf-shard-00-00.fpomkke.mongodb.net:27017"'
state: 2,

stateStr: 'SECONDARY'
b
{

_id: 1,
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name: 'ac-5dhjxpf-shard-00-01.fpomkke.mongodb.net:27017"'

state: 1,

stateStr: 'PRIMARY'

¥

{

_id: 2,

name: 'ac-5dhjxpf-shard-00-02.fpomkke.mongodb.net:27017"'
state: 2,

stateStr: 'SECONDARY'

}

]
As you can see by checking the command output in listing 9.1 or using the helper

method rs.status (), each member of a MongoDB replica set operates in a specific
state. Table 9.1 outlines the 10 possible states that a replica set member can inhabit.

Table 9.1 Possible state of each member of a replica set

Number Name Description

0 STARTUP Initial state. Parses config document.
1 PRIMARY Accepts writes. Eligible to vote.

2 SECONDARY Replicates data. Eligible to vote.

3 RECOVERING In self-checks, rollback, or resync. No reads. Votes.
4 STARTUP2 Running initial sync. Can’t vote.

5 UNKNOWN State not known by others.

6 ARBITER Only votes. Doesn’t replicate data.

7 DOWN Unreachable by others.

8 ROLLBACK Performing a rollback. No reads. Votes.
9 REMOVED Was part of a set, now removed.

Each state reflects the specific role and current condition of a member within the set.
These states vary widely, from STARTUP, which denotes a member’s initial setup phase,
to PRIMARY and SECONDARY, which designate members that are handling write opera-
tions and data replication, respectively. STARTUP2 represents members in performing
an initial sync with the replica set—a crucial step before they become fully functional
members. ROLLBACK indicates that a member is reverting changes to align its data with
the rest of the replica set, a process that temporarily prevents it from serving read que-
ries or participating in the replica set as a data-bearing node.

In certain scenarios, such as when a replica set consists of a primary and a secondary,
but additional costs deter the inclusion of another secondary, introducing an ARBITER
into the set can be a strategic choice. An arbiler engages in electing a primary, yet it does
notstore areplica of the data set and is incapable of assuming the primary role.

Let’s look at another helpful command. Listing 9.2 demonstrates the output of the
command db.adminCommand ("replSetGetConfig") command in MongoDB Shell
(mongosh). This command retrieves the current configuration of a MongoDB replica
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set and is designed to gather detailed information about each member and its role
within the set. Note that this operation works only on M10 clusters and larger, one of
which you will create in section 9.3.2.

Listing 9.2 Output of the replsetGetConfig command

db.adminCommand ("replSetGetConfig") .config.members.map ( (m) =>
({ host: m.host, arbiterOnly: m.arbiterOnly, hidden: m.hidden,
priority: m.priority,
secondaryDelaySecs: m.secondaryDelaySecs,votes: m.votes }))
[
{

host: ' ac-5dhjxpf-shard-00-00.fpomkke.mongodb.net:27017"',
arbiterOnly: false,

hidden: false,

priority: 1,

secondaryDelaySecs: Long("0"),

votes: 1

b

host: 'ac-5dhjxpf-shard-00-01.fpomkke.mongodb.net:27017"',
arbiterOnly: false,

hidden: false,

priority: 1,

secondaryDelaySecs: Long("0"),

votes: 1

b

{

host: 'ac-5dhjxpf-shard-00-02.fpomkke.mongodb.net:27017"',
arbiterOnly: false,

hidden: false,

priority: 1,

secondaryDelaySecs: Long("0"),

votes: 1

The output of the replsetGetConfig command—alternatively, you can use the
rs.config () mongosh helper—provides detailed information about each member of a
MongoDB replica set, including its roles and behaviors within the set. Here’s what the
specific fields in the output tell you:

arbiteronly—This Boolean value indicates whether the member is an arbiter.
Arbiters participate in elections but do not hold data.

hidden—A hidden member is part of the replica set but is not visible to client
applications. Hidden members can vote in elections but are not eligible to
become primary. They do not accept read operations from clients. This setup
is particularly useful for dedicated backup members or for members intended
for reporting or analytics. These operations can run on hidden members with-
out affecting the operational performance of the primary or secondary members
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visible to clients. Hidden members ensure data redundancy and availability for
specific tasks without influencing the primary selection process or serving client
requests.

priority—This setting determines the member’s eligibility to become a primary
during elections. A higher priority value increases the member’s chances of
being elected as the primary. A member with a priority of 0 cannot become pri-
mary, effectively making it a secondary member that can only replicate data.

secondaryDelaySecs—This field indicates whether the replica set member
is configured as a delayed member. Delayed members, which are required to be
hidden, replicate and perform operations with a specified delay. This delay is
intended to maintain a historical version of the replica set’s data. If it is 09:15,
and a member has a configured replication delay of one hour, the most up-to-
date operation applied to this member would represent the state of the data-
base at or before 08:15. These members provide a rolling backup and a historical
account of the data, acting as a protective measure against human errors. They
can assist in recovering from problems such as failed updates to applications or
accidental deletions of databases and collections.

votes—This field indicates how many votes a member has in replica set elec-
tions. In most configurations, each member has one vote, but certain configura-
tions may change this to control the election process more finely.

Given that a replica set may comprise up to 50 members, with only 7 members eligi-
ble to vote, including nonvoting members enables a replica set to expand beyond 7
members. Members designated as nonvoting (their votes count is 0) must have their
priority setto 0.

Electing primary replica-set member

MongoDB uses protocol version 1, which is based on the Raft consensus algorithm,
to manage elections within a replica set, thereby ensuring data consistency across dis-
tributed systems. This protocol features a voting system that enables the replica set to
determine which member will take on the primary role. Several scenarios can trigger
an election, such as

The addition of a node to or removal of a node from the replica set
Initialization of the replica set

A heartbeat failure between any of the secondary members and the primary last-
ing longer than the preset timeout period (default: 10 seconds)

Figure 9.1 shows the process of electing a new primary in a MongoDB replica set when
the current primary becomes unavailable.

The replica that has the most up-to-date write timestamp has the highest probability
of being elected. This approach reduces the likelihood of a rollback when a former
primary is reintegrated into the set. The election also takes into account the ferm, a
monotonically increasing number representing the number of election attempts. The
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while the election is in progress.

Nonetheless, read queries can be processed during this time if they are configured
to be served by the secondary nodes. Typically, with the standard configuration of a
replica set, the cluster is expected to complete the election of a new primary in no more
than 12 seconds. This period includes the necessary steps of recognizing the primary
as unavailable, commencing the election, and concluding it with the selection of a new
primary. You can adjust the election duration by modifying the settings.election-
TimeoutMillis option in the replication configuration.

When an election concludes, MongoDB’s algorithm prioritizes high-priority second-
aries to initiate subsequent elections. Although these primaries are more likely to be
chosen, occasionally a lower-priority member temporarily becomes primary. Elections
persist until the highest-priority member assumes the primary role. Members with zero
priority do not become primary and are ineligible to initiate elections.

It’s crucial for your application’s connection-handling strategy to accommodate
automatic failovers and subsequent elections. MongoDB drivers are designed to detect
the loss of the primary and can automatically retry certain read or write operations
once, adding an extra layer of resilience to your application during elections.

TIP  You can find more details about the structure of a MongoDB replica set
in the official documentation at https://www.mongodb.com/docs/manual/
replication.

Understanding the oplog collection

The oplog (operations log) is a capped collection that stores an ordered history of log-
ical writes to a MongoDB database. The oplog is the basic mechanism enabling repli-
cation in MongoDB. If write operations neither change data nor succeed, they won’t
generate oplog entries.
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MongoDB executes database operations on the primary node and logs these oper-
ations in the primary’s oplog. The primary streams these operations (push-based) to
the secondaries as they occur. Secondary nodes asynchronously replicate and execute
these operations. Every member of the replica set holds a copy of the oplog in the local
.oplog.rs collection, enabling them to keep up with the database’s current state. Every
operation recorded in the oplog is idempotent, meaning that the outcome of applying an
oplog operation to the target dataset remains consistent whether it is applied once or
multiple times.

Following is an example of a single document from the oplog collection. This log
entry captures a deletion event that occurred within the sample mflix.sessions
namespace.

Listing 9.3 A single document from the oplog collection

{
op: 'd',
ns: ' sample mflix.sessions',
ui: new UUID("99f8£10f-el44-4419-a543-da211ddla2de"),
o: { _id: ObjectId("65blalas4edf7elf8d9ccc396") 1},
ts: Timestamp ({ t: 1710267182, i: 5 }),
t: Long("38"),
v: Long("2"),
wall: ISODate("2024-03-12T18:13:02.838%Z")

}

This listing presents an example of a single document from the oplog collection. The
document details a delete operation (op: 'd') on the sessions collection within the
sample_mflix database. The operation has a unique identifier (ui) for the collection,
and the deleted documentis identified by its _id. The operation was timestamped (ts)
at the moment of execution, with an increment (i) to ensure uniqueness. Addition-
ally, the term (t) indicates the replica set election term during which the operation was
logged, and the version (v) signifies the oplog entry format. Finally, the wall-clock time
(wall) indicates the actual time when the operation occurred.

Let’s see one more example. The following listing showcases an insert operation in
the MongoDB oplog for the sample_mflix.sessions collection. This operation adds
a new document containing user-specific data including user_id and jwt (JSON Web
Token).

Listing 9.4 An insert operation visible in oplog

op: 'i',
ns: 'sample mflix.sessions',
ui: new UUID("b2d3f810-g234-5239-b543-da211ddla3cd"),
o: {
_id: ObjectId("5fc8ald3bcflb3298b3£fdb78"),
user id: "12345",
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jwt: "tokenl23456"
ts: Timestamp({ "t": 1720567182, "i": 1 }),
t: Long("39"),
v: Long("2"),
wall: ISODate("2024-03-15T10:20:30.1232")

The document, uniquely identified by a MongoDB ObjectId, contains session-specific
information such as the user’s ID and JWT. Metadata including the timestamp (ts),
operation sequence (i), transaction identifier (t), MongoDB oplog version (v), and
exact time of the operation (wall) offer comprehensive details on how the transac-
tion was processed within the MongoDB oplog, showcasing the database’s capability
for real-time logging and activity tracking.

Any secondary member can import oplog entries from any other member, facilitat-
ing a mechanism known as chained replication. This mode of replication manifests when
a secondary member opts to replicate from another secondary rather than directly
from the primary. Such a decision arises when a secondary member prioritizes replica-
tion targets by ping time, leading to situations in which the nearest available member is
another secondary.

Chained replication can reduce load on the primary. But chained replication can
also result in increased replication lag, depending on the topology of the network.

Listing 9.5 demonstrates the db.getReplicationInfo () command, which returns a
document with the status of the replica set, using data polled from the oplog. Use this
output to diagnose problems with replication. Note that this command works only on
MI10 clusters and larger, one of which you will create in section 9.3.2.

Listing 9.5 Output of the db.getReplicationInfo () command

db.getReplicationInfo ()

{

configuredLogSizeMB: 4096,

logSizeMB: 4096,

usedMB: 4074.63,

timeDiff: 635133,

timeDiffHours: 176.43,

tFirst: 'Wed Mar 20 2024 10:44:15 GMT+0000 (Coordinated Universal Time)',
tLast: 'Wed Mar 27 2024 19:09:48 GMT+0000 (Coordinated Universal Time)',
now: 'Wed Mar 27 2024 19:09:49 GMT+0000 (Coordinated Universal Time)'

The db.getReplicationInfo () method provides a snapshot of the replication status
within a MongoDB replica set by analyzing the oplog data. It reveals that the replica set
is configured with an oplog size of 4096 MB, which is fully matched by the actual oplog
size, indicating that the total allocated disk space for oplog entries is configured to its
capacity. The document shows that 4074.63 MB of the oplog space is currently in use,
highlighting the volume of replication data stored. It covers a time span of 635,133
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seconds, equivalent to 176.43 hours, reflecting the duration between the earliest and
latest oplog entries. The timestamp of the first oplog entry is marked 'Wed Mar 20 2024
10:44:15 GMT+0000', establishing the beginning of the oplog window, whereas the last
entry is timestamped 'Wed Mar 27 2024 19:09:48 GMT+0000', and the current time is
'Wed Mar 27 2024 19:09:49 GMT+0000', closely following the latest oplog entry. This
information is important for understanding the operational and replication dynamics
within the replica set.

TIP For script-based automation in MongoDB, use db.getReplication-
Info() because it outputs JSON, which is ideal for parsing. Conversely,
rs.printReplicationInfo() is suited for manual checks within mongosh
because it does not return J[SON.

OPLOG SIZE

When you start a replica set member for the first time, MongoDB creates an oplog of
a default size if you don’t specify the size. On UNIX and Windows systems, the default
oplog size depends on the storage engine:

For the In-Memory Storage Engine, the oplog size is set to 5% of the physical
memory, with a minimum of 50 MB and a maximum of 50 GB.

The WiredTiger Storage Engine calculates the oplog size based on 5% of the
available disk space, with a bottom limit of 990 MB and a top limit of 50 GB.

Typically, the default oplog size is adequate for most situations. When an oplog occu-
pies 5% of the disk space and fills up after 24 hours of activity, for example, it allows
secondary nodes to pause copying entries from the oplog for up to 24 hours without
falling too far behind for replication.

Listing 9.6 shows the process of checking how behind the secondary nodes are in
copying data from the primary node in MongoDB. This checkis made via the db. print -
SecondaryReplicationInfo() command, which shows how current the secondary
nodes are with the primary node’s data, using the oplog for synchronization.

Listing 9.6 Output of the db.printSecondaryReplicationInfo () command

db.printSecondaryReplicationInfo ()
source: ac-5dhjxpf-shard-00-00.fpomkke.mongodb.net:27017
{
syncedTo: 'Wed Mar 27 2024 18:21:52 GMT+0000
(Coordinated Universal Time) ',
replLag: 'O secs (0 hrs) behind the primary '

}

source: ac-5dhjxpf-shard-00-01.fpomkke.mongodb.net:27017
{
syncedTo: 'Wed Mar 27 2024 18:21:53 GMT+0000
(Coordinated Universal Time) ',
repllLag: '10 secs (0 hrs) behind the primary '

}
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The command reveals the synchronization status of two replica set members with
the primary node. The first member, ac-5dhjxpf-shard-00-00.fpomkke.mongodb
.net:27017, is synchronized to the primary with no delay, showing a replication lag
of 0 seconds. The second member, ac-5dhjxpf-shard-00-01.fpomkke.mongodb
.net:27017, has a replication lag of 10 seconds, indicating that itis 10 seconds behind
the primary in receiving updates.

TIP The db.printSecondaryReplicationInfo() method used in mongosh
does not produce JSON output. To check things yourself, use db.print-
SecondaryReplicationInfo (); for automated scripts, use rs.status ().

If your application mainly performs read operations with few writes, a smaller oplog
may suffice. But if your replica set’s activity is expected to follow any of these patterns,
consider using an oplog larger than the default size:

Batch document updates—For maintaining idempotency, the oplog needs to break
batch updates into separate actions, consuming substantial oplog space without
necessarily increasing data or disk use.

Equal volumes of data deletions and insertions—When data deletion volume
matches data insertion, disk use remains stable, yet oplog size can expand
significantly.

Frequent in-place updates—When many updates alter existing documents without
enlarging them, the database logs numerous operations, keeping the data vol-
ume on disk constant.

TIP  Before mongod initializes an oplog, you can define its size with the oplog-
SizeMB parameter. After initiating a replica set member for the initial time,
employ the replSetResizeOplog admin command to modify the size of the
oplog. The replSetResizeOplog command allows dynamic resizing of the
oplog, eliminating the need to restart the mongod process.

OPLOG WINDOW

The oplog window needs to be sufficiently large to ensure that a secondary can retrieve
all new oplog entries generated during the logical initial sync process (described in the
next section). If the window is too short, there’s a chance that entries will be purged
from the oplog before the secondary has a chance to apply them.

By default, MongoDB doesn’t enforce a minimum retention time for oplog entries;
it automatically trims the oldest ones to keep within the maximum size limit. You can
define a minimum time that an oplog entry must be kept, however. An entry will be
deleted only if it satisfies two conditions:

The oplog’s size has hit its configured limit.

The entry’s age exceeds the set number of hours based on the system clock of the
host.
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TIP  To set the minimum oplog retention period when initiating mongod, you
can include the storage.oplogMinRetentionHours Setting in the mongod con-
figuration file or use the command-line option --oplogMinRetentionHours.

MongoDB version 6.0 and later offers two different approaches to initial sync: logical
initial sync and file-based initial sync (limited to MongoDB Enterprise). File-based ini-
tial sync is designed for large data sizes (1 TB+). If a failure occurs—either due to falling
off the oplog or a transient network problem—MongoDB can resume a logical initial
sync within a 24-hour window, or a file-based initial sync within a shorter 10-minute
window. You can configure the time window of each approach with mongod parameters.

LOGICAL INITIAL SYNC PROCESS
During a logical initial sync, MongoDB does the following things:

Clones all nonlocal databases by scanning and inserting data from each collec-
tion into its own versions

Constructs indexes for each collection simultaneously with the document copy-
ing process

Retrieves ongoing oplog entries while copying data, ensuring that the target
member has adequate disk space to store these oplog records temporarily
Applies all data modifications using the oplog records to update its data set to the
current state of the replica set

After completing the initial sync, changes the member status from STARTUP2 to
SECONDARY

MongoDB offers three methods for initial sync:

Restart the mongod with an empty data directory, allowing MongoDB’s standard
initial sync process to restore the data. This method is simple, but replenishing
the data may take longer.

Reboot the machine using a recent data directory copy from another replica set
member. This approach restores data faster but involves more manual effort.

In MongoDB 6.0 and later, use the file-based initial sync approach by changing
the initialSyncMethod parameter passed to the mongod to £ileCopyBased.

Understanding change streams

Before the introduction of MongoDB change streams, tracking changes in a database
required polling or tailing the oplog, which was both complex and inefficient. Devel-
opers had to query the database or oplog repeatedly to detect changes, often resulting
in performance problems and increased latency in data processing. With the advent
of MongoDB change streams, you can subscribe to real-time updates on changes
(inserts, updates, deletes, and more) across a MongoDB collection, a database, or even
the entire deployment. This feature provides a continuous, event-driven stream of
data that reflects changes in the underlying data source. For applications that rely on
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real-time notifications of data changes, change streams are essential. The main bene-
fits of using MongoDB change streams include

Access control—Change streams respect MongoDB’s role-based access control
(RBAG, explained in chapter 20), allowing only authorized applications to access
data changes based on their read permissions.

Reliable API—Change streams offer a consistent, well-documented API across all
MongoDB drivers, ensuring reliable change-event notifications.

Data durability—Change events are guaranteed to be committed to a majority of
the replica set, reducing the risk of data rollbacks during failovers.

Ordered changes—MongoDB ensures a global order of changes across shards,
making it safe to process events in the order in which they arrive.

Resumability—Change streams can resume from the last known event after a net-
work error or restart, using a resume token. A resume tokenis a unique identifier gen-
erated for each eventin a MongoDB change stream, allowing the stream to resume
exactly where it left off after an interruption, such as a network error or restart.

Aggregation pipeline integration—Applications can filter or modify change events
server-side using MongoDB’s aggregation pipeline, enhancing data processing
efficiency.

Change streams are available for replica sets and sharded clusters, and they require
specific conditions to operate effectively:

They require the WiredTiger storage engine.

They must operate on replica set PV1.

Connections for a change stream

To establish connections for a change stream, you can use the +srv connection option
with Domain Name System (DNS) seed lists or specify the servers directly in the con-
nection string. When a driver loses its connection to a change stream or the connection
fails, it tries to reconnect using another node in the cluster that meets the specified
read preference. If it doesn’t find a suitable node, it generates an exception.

You can initiate change streams on individual collections (except system, admin,
local, and config collections), entire databases (excluding admin, local, and config
databases), or across the entire deployment (replica sets or sharded clusters), exclud-
ing system collections and certain databases. This functionality has expanded over vari-
ous MongoDB versions, allowing broader monitoring scopes.

Let’s start with mongosh. The following operation in mongosh opens a change-stream
cursor on the sample_mflix database. The returned cursor reports on data changes to
all the nonsystem collections in that database:

> watchCursor = db.getSiblingDB("sample mflix") .watch()
ChangeStreamCursor on sample mflix
>
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To monitor these changes, iterate through the cursor to monitor new events. As in the
following listing, combine the cursor.isClosed () method with cursor. tryNext () to
ensure that the iteration stops only when the change-stream cursor is closed and no
more documents are left in the current batch.

Listing 9.7 The cursor. tryNext () nonblocking method

// Iterate over the cursor to monitor for new events

while (!watchCursor.isClosed()) {
let next = watchCursor.tryNext () ;
// Continue retrieving the next document in the cursor as
// long as there is a next document

while (next !== null) {

printjson(next); // Print the next document

next = watchCursor.tryNext(); // Try to get the next document
1

Now add a single document to the collection to observe how change streams work. To
do this, use mongosh to open a new connection. Next, execute the following insertion
operation to add a new document to the sessions collection in the sample_mflix
database, containing fields for user_id and jwt:

db.getSiblingDB ("sample mflix") .sessions.insertOne ({
user_id: "12345",
jwt: "tokenl23456"

1)

The change-stream cursor captures and returns the operation’s details, showing the
insertion action, its timing, and the full document content. The following listing shows
the returned document.

Listing 9.8 Change-stream cursor

{
_id: {

_data: '8266073FD1000000022B022C0100296E5A1004E43
COCEEB6D74D84814318056E6EECDC46645F6964006466073FD1359139DD
FE70B1D70004"'

1

operationType: 'insert',

clusterTime: Timestamp({ t: 1711751121, i: 2 }),
wallTime: ISODate("2024-03-29T22:25:21.0732"),
fullDocument: {

~id: ObjectId("66073£d1359139ddfe70b1d7"),

user_id: '12345"',

jwt: 'tokenl23456'

1
ns: {
db: 'sample mflix',
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coll: 'sessions'

1
documentKey: {
_id: ObjectId("66073£d1359139ddfe70b1d7")

}
}

Every change event comes with an _id field, which holds a document. This document
acts as a resume token for restarting a change stream. To resume a change stream, you
specify this resume token using resumeAfter or startAfter when opening the cursor.

TIP In change-stream event documents, the _id field is the resume token.
Don’t change or delete the _id field with the pipeline. From MongoDB 4.2 on,
if the pipeline changes an event’s _id field, change streams return an error.

Changing streams with Node.js

You can use Node.js to set up a change stream specifically for the sessions collection
within the sample_mflix database. This setup allows you to monitor and log changes
in that collection alone. Listing 9.9 demonstrates how to implement this change
stream in JavaScript using the MongoDB Node.js driver. This code initializes a change
stream on the sessions collection and iterates over it to process the change-stream

documents.

Listing 9.9 Monitoring a change stream in Node.js

Replaces the uri string with your connection string. Example:
const uri = "mongodb+srv://<username>:<password >
@mongodb-in-action.fpomkke.mongodb.net".

const { MongoClient } = require('mongodb') ;

const uri = "<connection string uris"
const client = new MongoClient (uri, { serverApi: '1'

async function monitorChangeStream() {
try {
await client.connect () ;
const database = client.db("sample mflix");
const sessionsCollection = database.collection('sessions') ;
const changeStream = sessionsCollection.watch() ;

console.log("Listening for changes in the sessions collection...");
await changeStream.forEach(change => {
console.log("Received a change in the sessions collection:", change);
I3
} catch (error) {
console.error ("Error watching change stream for sessions
collection:", error);
} finally {
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await client.close() ;

}
}

monitorChangeStream() ;

Replace "<connection string uris" with the genuine MongoDB connection string
specific to your database. This script establishes a connection to the sample_mflix
database using MongoDB’s Node.js driver and monitors the sessions collection for
any changes in real time. When it detects a change (such as an insert, update, or delete
operation), it outputs the details of that change to the console. It’s useful for tracking
and responding to data modifications in the sessions collection as they happen.

Modifying the output of a change stream

Tailoring the change stream to specific needs is straightforward. You can control the
output of the change stream by providing an array of one or more pipeline stages during
its setup. These stages could include $addFields, $match, $project, $replaceRoot,
$replaceWith, $redact, $set, and sunset, allowing for extensive customization of the
data received from the change stream. This allows you to filter the complete change
stream down to only those changes you want to listen for. The following example shows

how to modify the change stream’s output with Node js.

Listing 9.10 Modifying change-stream output with Node.js

Replaces the uri string with your connection string. Example:
const uri = "mongodb +srv://<username>:<password >
@mongodb-in-action.fpomkke.mongodb.net".

const { MongoClient } = require ('mongodb') ;

const uri = "<connection string uris>"

async function monitorChangeStream() {
const client = new MongoClient (uri, { apiVersion: '1' });
await client.connect () ;
const sessionsCollection =
client.db("sample_mflix").collection('sessions');

const pipeline = [

{ $match: { 'fullDocument.user id': '12345' } },

{ $addrields: { newField: 'this is an added field!' } }
1
const changeStream = sessionsCollection.watch(pipeline) ;

changeStream.on ('change', next => {
console.log("Received a change in the sessions collection:", next);
I3,
}

monitorChangeStream() ;
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Replace "<connection string uris>" with the genuine MongoDB connection string
specific to your database. This script connects to the sample mflix database, targets
the sessions collection, and sets up a change stream that filters for changes in docu-
ments in which user_id equals 12345. Then it augments each detected change event
with an additional field (newField) and outputs the modified event to the console.
The script continuously monitors the collection for such changes, providing real-time
updates when they occur.

Scaling data horizontally through sharding

When databases become sizable or encounter high processing loads, a single server
may become insufficient. An influx of queries can exhaust the CPU resources of the
server, for example. Likewise, if the data volume surpasses the server’s RAM capacity,
it can strain the disk’s I/O capabilities. Also, as data volume increases, a problem with
the capacity of the disks may occur.

To manage growth, systems can scale in two ways: vertically by enhancing the capabil-
ities of a single server (such as increasing its CPU, RAM, or storage) or horizontally by
integrating additional servers into the architecture.

Vertical scaling makes a single server more powerful, such as by upgrading its CPU,
adding RAM, or expanding storage. There’s a limit to how much a single server can be
upgraded, however, due to technological constraints and the maximum configurations
offered by cloud providers.

Horizontal scaling spreads the data and workload across many servers, enhancing
capacity by adding more servers as needed. This approach doesn’t rely on a single
powerful machine but uses multiple units to handle parts of the workload, often more
cost-effectively. The downside is added complexity in managing and maintaining a
larger network of servers.

MongoDB uses sharding to partition data across multiple servers, enabling horizon-
tal scaling and improved handling of large data volumes and high transaction rates. A
MongoDB sharded cluster can consist of any number of shards (separate servers), each
holding a fragment of data distributed across all machines. The total database size can
easily exceed 100 TB; in fact, it’s difficult to define an upper size limit.

Sharding occurs at the collection level within a database, which may contain both
sharded and unsharded collections. Although sharded collections are split and dis-
persed among various shards within the cluster, unsharded collections reside on a pri-
mary shard. You can move these unsharded collections to other shards in MongoDB
8.0+ using the moveCollection command. Each database is assigned its own primary
shard to manage these collections.

How can I be certain of the maturity and effectiveness of MongoDB’s sharding capa-
bility for powering large-scale database clusters? This confidence comes from my expe-
rience working for a company in Munich, where I managed the operation of MongoDB
sharded clusters. Each cluster was immense, exceeding 130 TB, with up to 135 shards
per cluster. It was and perhaps still is the largest MongoDB farm in Europe. But for
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such a large cluster to function efficiently, both in operational terms and data-access
logic, several requirements must be fulfilled, and I discuss them in this chapter.

The biggest challenge is managing this type of cluster, especially when the number
of shards along with replica sets is large. I don’t recommend running such clusters with-
out the proper tools because it is difficult to meet challenges such as backups, restores,
and upgrades.

You can employ Ops Manager, which is ideally suited for managing sharded clusters,
by using agents installed on each server within the cluster. These agents automate tasks
such as starting and stopping mongod processes, upgrading and downgrading database
versions, performing backups and restores, and monitoring.

You can also run a MongoDB sharded cluster on Kubernetes with the MongoDB
Enterprise Kubernetes Operator, using Kubernetes’ native capabilities. Together with
Ops Manager, this operator is a powerful tool for automating MongoDB sharded clus-
ter operations.

Further, you have the option to create and operate a MongoDB sharded cluster using
MongoDB Atlas. This book focuses on launching a sharded cluster with MongoDB
Adlas.

Viewing sharded cluster architecture
A MongoDB sharded cluster architecture includes the following:

Shards—Each shard contains a portion of the sharded data and functions as a
replica set. The cluster can consist of 1 to n shards, with each shard holding a
subset of the overall data. I recommend having shards no larger than 1 TB each.
This limit facilitates faster index building, accelerates initial synchronization,
and improves the efficiency of backup and restore processes.

mongos—mongos functions as the gateway for client applications and enables
tools such as mongosh to interact with the cluster, adeptly handling both read and
write operations. It routes client requests to the suitable shards and amalgam-
ates the outcomes from the shards into a unified client response. Connections
to the cluster are made via mongos instances instead of directly to the shards. For
high availability, I advise operating multiple mongos instances within production
environments.

Config servers—These servers operate as a replica set and serve as the special-
ized storage for sharding metadata, which is crucial for the cluster’s opera-
tions. The metadata stored includes information about the composition of the
sharded data, such as the list of sharded collections and the specifics of data
routing. The role of config servers is vital for the efficient management and
direction of queries within the sharded cluster. Starting with MongoDB version
8.0, configuration servers can be embedded in sharded clusters, simplifying
the architecture and reducing infrastructure costs without affecting scale and
performance.
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MongoDB shards data at the collection level, distributing collection data across all the
shards in the cluster. Some collections can be sharded; others may not be. There is no
strict requirement that every collection be sharded. Figure 9.2 illustrates the interac-
tion of components within a sharded cluster.

Application

Driver

il

Driver
Shard1 Shard2 Shard3 Shard4: Config shard
’ Primary ‘ ‘ Primary | I Primary ‘ ‘ Primary ‘
I Secondary I ‘ Secondary | I Secondary ‘ ‘ Secondary I
‘ Secondary ‘ ‘ Secondary | ‘ Secondary ‘ ‘ Secondary ‘

Figure 9.2 This MongoDB sharded cluster configuration includes multiple app servers connected to
routers (mongos), which direct queries to the appropriate shard. Three shards, each of which is a replica
set, hold segments of the data. Also, an embedded config shard contains the config servers (along

with user data), which hold the cluster’s metadata. Starting with MongoDB 8.0, config servers can be
embedded in sharded clusters. (Image © MongoDB 2024 CC BY-NC-SA 3.0)

Sharding enables the scaling of your database to handle more extensive load capacity
by enhancing read/write throughput and thereby expanding storage capability. Let’s
delve into these aspects more closely:

Enhanced read/write throughput—Distributing the data set over several shards
boosts capacity for read and write operations, especially when these operations
are restricted to individual shards.

Expanded storage capability—Adding more shards increases the total storage capac-
ity of the database, facilitating near-limitless scalability.

Data locality—Zone sharding permits you to allocate databases across varied
geographical zones, which is optimal for distributed applications. Through
policy enforcement, you can confine data to specific regions, each holding one
or more shards, thus enhancing both efficiency and adaptability in data man-
agement. Zone sharding associates different shard-key value ranges with each
zone, allowing swifter, more accurate data retrieval pertinent to geographical
significance.
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Creating sharded clusters via Atlas CLI

In this section, you create a MongoDB Atlas sharded cluster. These clusters are not free
in Atlas, unlike the MO cluster you set up in chapter 1, so you need to set up a payment
method if you haven’t already. To do this, see the official MongoDB documentation at
https://mng.bz/AGVW.

After adding a payment method, you’re ready to use the Atlas command-line inter-
face (CLI) to set up your first Atlas sharded cluster. Use the "MongoDB 8.0 in Action"
projectyou created in chapter 2.

Remember that the setup process is fully automated. Atlas handles the configuration
of your shards and deployment of config servers and mongos processes, which manage
your cluster’s metadata and query routing, respectively.

Begin with a two-shard cluster for simplicity. Note that Atlas allows a variety of shard
counts, from one to many, yet sharding is available only for clusters that are on the M30
tier or higher. This command

atlas clusters create "MongoDB-in-Action-Sharded"
--provider GCP

--region CENTRAL US --tier M30 --type SHARDED --shards 2
--mdbVersion 8.0

Cluster 'MongoDB-in-Action-Sharded' is being created.

creates a new sharded cluster named "MongoDB-in-Action-Sharded" in MongoDB
Atlas. It sets the cloud service provider to Google Cloud Platform (GCP) and selects
the CENTRAL_US region for deployment. The cluster is created with the M30 tier, which
supports sharding and is configured with two shards. The MongoDB version to be
deployed on this cluster is 8.0.

After a few minutes, you can check the status of your new sharded cluster using the
following Atlas CLI command:

atlas clusters list ID NAME MDB VER
6609cl17a7396d94a17a9fb78 MongoDB-in-Action-Sharded 8.0.4

Figure 9.3 shows the MongoDB Atlas Ul displaying the details of a new sharded
cluster.

TIP  Ifyou’re notusing your cluster for production purposes, you can pause itat
any time to save costs. To use the Atlas CLI for this purpose, issue the command
atlas clusters pause "MongoDB-in-Action-Sharded", and to start the cluster,
issue the command atlas clusters start "MongoDB-in-Action-Sharded".

You also need to add a sample data set. Atlas creates databases and collections with test
data, which are necessary for sharding the collections. Again, use the Atlas CLI:

atlas clusters sampleData load "MongoDB-in-Action-Sharded"
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Figure 9.3 Each of the two shards—atlas-up0qg2r-config (config shard) and atlas-up0qg2r-shard-0—is
a replica set with three nodes. In MongoDB 8.0+, a config server storing metadata and application data is called
a config shard. Both shards are located in the lowa (us-centrall) region. Key statistics such as disk use,
operations, and connections over the past six hours, are displayed. Each node is labeled PRIMARY or SECONDARY,
indicating the node’s replication status within the sharded cluster. (Image © MongoDB 2025)

In a few minutes, loading the sample data results in the creation of test databases and
documents within their collections. Remember to display the connection string. You
can interact with the cluster via mongosh or drivers:

atlas clusters connectionStrings describe "MongoDB-in-Action-Sharded"

STANDARD CONNECTION STRING
mongodb+srv://mongodb-in-action-shard.nu96v.mongodb.net

NOTE Your connection string will be different. Check it on your console.

Now connect mongosh to your Atlas sharded cluster, using the 'manning' user you cre-
ated in chapter 2 at the project level. This user is active in your new cluster, which is
part of the project.

Note that this time, you are connected directly to mongos, not to the primary replica
set member, as was the case in chapter 2 when you created a MongoDB replica set:

mongosh "mongodb+srv://mongodb-in-action-shard.nu96v.mongodb.net" \
--apiVersion 1 --username 'manning'

Atlas [mongos] test> show dbs

admin 296.00 KiB
config 2.26 MiB
sample airbnb 52.21 MiB
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sample analytics 9.52 MiB
sample geospatial 1.24 MiB
sample_guides 40.00 KiB
sample mflix 111.07 MiB
sample restaurants 6.19 MiB
sample_supplies 1.03 MiB
sample training 47.62 MiB
sample weatherdata 2.56 MiB

Atlas [mongos] test>

mongos is your interface for managing queries and distributing them across the various
shards of a MongoDB sharded cluster. The show dbs command displays the list of data-
bases created during loading of the sample data set.

9.3.3 Working with a shard key

MongoDB shards data at the collection level, distributing the collection data across the
shards in the cluster using the shard key, which is made up of one or more fields within
the documents. The choice of a shard key is pivotal in sharding clusters because an
unsuitable selection may lead to inefficient distribution of data, create load imbalances
across the shards, and result in subpar query performance. In certain scenarios, an
overwhelmed shard, often referred to as a hot shard, may underperform and become
a system bottleneck, adversely affecting the overall performance of the cluster. There-
fore, it is crucial to choose an appropriate shard key to ensure optimal functionality
within a sharded setup.

MongoDB uses the shard key, composed of one or more fields from the documents,
to disperse the documents across the different shards. The data set is segmented into
distinct, nonoverlapping chunks based on the range of shard-key values. The objective
is to distribute these chunks as evenly as possible throughout the shards of a cluster,
achieving an efficient distribution.

Recent updates to MongoDB have made significant enhancements in sharding:

From version 4.4 on, sharded collection documents can lack shard-key fields,
which are treated as null for distribution purposes.

From MongoDB 4.4 on, you can augment a shard key by adding a suffix field or
multiple fields to an existing shard key.

Version 5.0 introduces the ability to reshard a collection by changing its shard
key.

Version 8.0 introduces embedded config servers in sharded clusters, allowing
you to move unsharded collections to different shards without sharding the col-
lections and selecting a shard key, improving the resharding process and making
it four times faster.

9.3.4 Choosing a shard key

MongoDB offers two primary sharding strategies for distributing data across sharded
clusters. The first strategy is ranged sharding, which involves partitioning data into
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continuous sequences according to the values of the shard key. Documents with similar
shard-key values are initially stored in the same chunk, but MongoDB’s balancer may
redistribute chunks across shards as needed. An optimal shard key ensures even distri-
bution of documents across the cluster (to prevent bottlenecks) and aligns well with
common query patterns (to reduce scatter-gather queries). To choose an appropriate
key for the ranged sharding strategy, consider the following:

Query pattern analysis—Identify the most frequent read and write operations in
your application. The optimal shard key ensures an even spread of data across
the sharded cluster and supports frequent query patterns. When you choose a
shard key, consider whether a given shard key covers your most common query
patterns.

Cardinality—Choose a shard key with high cardinality (a large number of unique
values) to prevent clustering of data on a few shards.

Frequency—Ensure that the shard-key values are evenly distributed. If certain
values occur too frequently (using 'status' as a shard key, for example, where
'active' is a common value that can lead to an excessive concentration of data
on one shard), data skew may result, causing bottlenecks.

Monotonically changing shard keys—Using a consistently increasing or decreasing
shard key, such as a datetime stamp, can lead to write bottlenecks. This happens
because such keys concentrate new data into specific chunks (e.g., datetime
stamp increases direct inserts to the maxKey chunk), causing an uneven load and
affecting performance.

The second strategy is hashed sharding, which computes a hash value of the shard key
field’s value and then assigns each chunk a range based on these hashed values. Even
if shard-key values in a set are close numerically, the corresponding hashed values are
likely to be distributed across different chunks. It’s crucial to understand that hashed
sharding isn’t suitable for range-based queries. Hashed keys help counteract problems
caused by fields that change in a predictable, monotonic fashion, such as objectId
values and timestamps. An example is the default _id field, provided that it contains
ObjectId values.

A shard-key index could be a single ascending index on the shard key, a compound
index beginning with the shard key in ascending order, or a hashed index.

NOTE A shard-key index must not be a descending index on the shard key, a
partial index, or any geospatial, multikey, text, or wildcard index type.

Using a shard-key analyzer

Beginning with version 7.0, MongoDB simplifies selecting a shard key. The analyze-
Shardkey command provides metrics to assess a potential shard key for unsharded or
sharded collections. These metrics, derived from sampled queries, facilitate a data-
driven decision on your shard key.
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Let’s see how this looks in practice and enable sharding on the routes collection,
which is located in the sample_training database in the Atlas test data set. Following is
an example document from the routes collection.

Listing 9.11 Single document from the sample training.routes collection

Atlas [mongos] sample training> db.routes.findOne ()

{
_id: ObjectId('56e9b39b732b6122£877fa36"'),
airline: { id: 410, name: 'Aerocondor', alias: '2B', iata: 'ARD' },
src_airport: 'DME',
dst_airport: 'NBC',
codeshare: '',
stops: 0,
airplane: 'CR2'
}Atlas [mongos] sample training >

The document contains flight route information, including airline details, source and
destination airports, codeshare status, number of stops, and airplane type, illustrating
the data structure for a flight route in the database. Let’s assume that the most fre-
quent query on this collection follows the pattern

{"src_airport": <value>, "dst airport": <value>, "airline.name": <Va1ue>}

Using the shard-key analyzer, check whether a shard key composed of these fields is
good enough to be the basis of the sharding logic for this collection.

ENABLING QUERY SAMPLING

Next, you must enable query sampling on the target sample_training.routes collec-
tion. The shard-key analyzer needs these statistics to determine whether the proposed
key is good enough. Execute this command:

db.collection.configureQueryAnalyzer (

{

mode: <strings,
samplesPerSecond: <double>

}

The following code shows how to enable query sampling on the routes collection.
This step is crucial for assessing the effectiveness of the shard key by analyzing the col-
lection’s query patterns.

Listing 9.12 Enabling query sampling

Atlas [mongos] sample trainings>
db.routes.configureQueryAnalyzer ({ mode: "full", samplesPerSecond: 1 })

{

newConfiguration: { mode: 'full', samplesPerSecond: 1 },
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ok: 1,
"$clusterTime': {
clusterTime: Timestamp ({ t: 1712592942, i: 1 }),
signature: {
hash: Binary.createFromBase64 ('cQVeIvFIgltUun2S4ycqZT+VEGw="', 0),
keyId: Long('7352622473289924630"')

operationTime: Timestamp ({ t: 1712592934, i: 1 })

}

Atlas [mongos] sample trainings

The db.routes.configureQueryAnalyzer command used in the sample training
database sets the query analyzer for the routes collection to full mode, with a rate of
one sample per second. This setup enables detailed query tracking on the collection.

ANALYZING A SHARD KEY

Now you can move on to analyzing the proposed shard key, which is created on the
fields {"src_airport": 1, "dst_airport": 1, "airline.name": 1} because the most
frequent query on this collection follows the pattern: {"src_airport": <values,
"dst_airport": <value>, "airline.name": <values>}. The first step is creating a
supporting compound index on these fields:

Atlas [mongos] sample trainings>
db.routes.createlndex({ src_airport: 1,
dst_airport: 1, "airline.name": 1 H

src_airport_ 1 dst airport 1 airline.name_1

Next, execute a few trial queries on real data to generate statistics:

db.routes.find({"src_airport": "YRB", "dst_airport": "YGz",
"airline.name": "Askari Aviation" })

This query searches the routes collection of the database for flights in which the source
airport is "YRB", the destination airport is "vGz", and the airline name is "Askari
Aviation". Substitute different values in this query pattern to try it out. Review the
routes collection to see which src_airport, dst_airport, and airline names you can
use to generate queries. Then check how effective the proposed shard key is by using
the command db.routes.analyzeShardKey ( ({ src_airport: 1, dst_airport: 1,
"airline.name": 1 }), as shown in the next listing.

Listing 9.13 Analyzing a proposed shard key

Atlas [mongos] sample trainings>
db.routes.analyzeShardKey ({ src_airport: 1,
dst_airport: 1,"airline.name": 1 H

{
keyCharacteristics:

numDocsTotal: Long('66985"'),
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avgDocSizeBytes: Long('184'),
numDocsSampled: Long('66985"'),
isUnique: false,
numDistinctValues: Long('66984'),
mostCommonValues: [
{
value:
src_airport: 'HAM',
dst airport: 'AMS',

'airline.name': 'Eurowings'
frequency: Long('2"')
value:
src_airport: 'KTM',
dst_airport: 'DXB',
'airline.name': 'Fly Dubai'
frequency: Long('1l")
value:
src_airport: 'ADB',
dst_airport: 'ARN',
'airline.name': 'SunExpress'
frequency: Long('1l")
value:
src_airport: 'FOC',
dst_airport: 'TNA',
'airline.name': 'Air China'
frequency: Long('1l")
value:
src_airport: 'DTW',
dst_airport: 'MEX',
'airline.name': 'AeroMéxico'
frequency: Long('1l"'")

1.,
monotonicity: {
recordIdCorrelationCoefficient: 0.0163877874,
type: 'not monotonic'
1
1
readDistribution:
sampleSize: {
total: Long('525"),
find: Long('525"),
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aggregate: Long('0'),
count: Long('0'"),
distinct: Long('0")
e
percentageOfSingleShardReads: 84.1904761905,
percentageOfMultiShardReads: 12.1904761905,
percentageOfScatterGatherReads: 3.6190476191,
writeDistribution: {
sampleSize: {
total: Long('0'"),
update: Long('0"),
delete: Long('0'),
findAndModify: Long('0")
}
¥
ok: 1,
"$clusterTime': {
clusterTime: Timestamp ({ t: 1712596218, i: 99 }),
signature:
hash: Binary.createFromBase64 ('E31gLvizNd2gwwpFIxX9AESXDg8A="', 0),
keyId: Long('7352622473289924630")

}
b

operationTime: Timestamp ({ t: 1712596218, i: 99 })

}

Atlas [mongos] sample trainings

analyzeShardKey returns metrics about the key characteristics of a shard key and its
read and write distribution. The metrics are based on sampled queries.

The shard-key analysis for { src_airport: 1, dst_airport: 1, "airline.name":
1 } on the routes collection yielded detailed metrics. The key is not unique, yet it
distinguishes a high number of values (66,984 distinct values out of 66,985 total doc-
uments), facilitating effective data distribution across shards. The query distribution
data shows that 84.19% of reads were single-shard, indicating the shard key’s strong
query-isolation capabilities and enhancing performance by directing queries efficiently
to the relevant shard. The analysis also shows multishard (12.19%) and scatter-gather
reads (3.62%), suggesting that some queries span multiple shards, which could affect
performance and may require further optimization.

The monotonicity aspect is marked by a recordIdCorrelationCoefficient of
0.0163877874, denoting a not-monotonic sequence. This lack of strict sequencing
in the shard-key values relative to document insertion means that there is less risk of
creating write hotspots on specific shards, leading to more balanced shard use over
time.

In this way, you can evaluate the adequacy of your proposed shard key before creat-
ing it. If you are satisfied with the analysis results for your key and are confident that it
is sufficiently good (it’s better to spend more time analyzing to create the best possible
key at the outset rather than change the shard key later), you can initiate sharding on
the routes collection by executing this command:
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sh.shardCollection("sample training.routes",
{ src_airport: 1, dst airport:1,"airline.name": 1 } )

TIP Use sh.status () to print a formatted report of the sharding configura-
tion and information on existing chunks in a sharded cluster.

Detecting shard-data imbalance or uneven data distribution

There may be an existing imbalance or uneven distribution of your data across your
shards, which you can identify by using various commands. The sh.status() com-
mand provides a summary overview of the sharded cluster, including the number of
chunks per shard. If one or more shards have significantly more chunks than others,
this may indicate an imbalance. The db.collection.getShardDistribution() com-
mand provides detail on the size of data and the number of documents on each shard
for a specific collection. An uneven distribution of either metric may indicate an imbal-
ance. sshardedDataDistribution is an aggregation stage that provides details on each
sharded collection in the database. Starting with MongoDB 8.0, it provides details on
the primary shard only when chunks or orphan documents are present.

To analyze the total size and number of chunks per shard, use the following aggrega-
tion pipeline stage:

db.getSiblingDB ("config") .chunks.aggregate ([
{ $group: { _id: «$shard», totalSize: { $sum: «$size» },
count: { $sum: 1 } } }

1)

If a large difference exists in the sizes or the chunk counts across the shards, it is likely
that you have an uneven distribution. These commands provide information to help
you determine whether to take any additional steps.

Resharding a collection

The optimal shard key for MongoDB ensures uniform document distribution across
the cluster and supports frequent query patterns. An inadequate shard key might
cause uneven data distribution, leading to performance or scalability problems. From
MongoDB 5.0 onward, it’s possible to modify the shard key of a collection, allowing a
redistribution of data throughout the cluster.

Resharding operates straightforwardly. Executing the reshardCollection com-
mand initiates the creation of a new, implicitly empty collection by MongoDB, using
the specified new shard key; then data is transferred chunk by chunk from the current
collection. The balancer needs a 2-second lock to ascertain the fresh data arrangement.
Throughout the copying phase, however, the application can access and modify the col-
lection without disturbances. As a result of this copying phase, the larger the collection
is, the longer the resharding process takes.
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Before beginning the resharding process, you must meet certain prerequisites,
which can be costly in some instances:

Disk space—Ensure that you have at least 1.2 times the size of the collection you
plan to reshard. Fora 1 TB collection, you should have atleast 1.2 TB of available
disk space.

1/0 capacity—This metric should remain below 50%.

CPU use—This metric should stay below 80%.

It’s crucial to assess available resources on each shard.

TIP The database does not enforce these requirements, so not allocating
enough resources can cause the database to run out of space and shut down,
lead to decreased performance, and extend the duration of the resharding
operation beyond expected time frames. I advise you to reshard your collec-
tion during times of lower traffic within your application, if possible.

Another crucial aspect is updating your application’s queries. For optimal database
performance during resharding, the queries should apply filters for both existing and
new shard keys. You can remove the old shard-key filters from your queries only when
the resharding process is complete.

You also need to be aware of other constraints:

Resharding cannot occur while an index is being built.

Certain queries—such as deleteOne (), findAndModify (), and updateOne () —
produce errors unless the current and new shard keys are included.

You can reshard only one collection at a time.

Operations such as addshard(), removeShard(), dropDatabase(), and
db.createCollection () are not possible during resharding.

The new shard key must not have a uniqueness constraint, and resharding collec-
tions with a uniqueness constraint is unsupported.

If you meet these requirements and want to start the resharding process, execute the
following command:

db . adminCommand ( {
reshardCollection: "<databases.<collection>",
key: <new shardkey>

3]

To monitor the resharding operation, use the $scurrentop pipeline stage:

db.getSiblingDB ("admin") .aggregate ( [
{ $currentOp: { allUsers: true, localOps: false } },

{

$match: {
type: "op",
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"originatingCommand.reshardCollection": "<database>.<collection>"

}

}
1

NOTE Remember that the resharding operation requires proper preparation
and can take a long time for large databases, so it’s best to choose the optimal
shard key from the beginning so you don’t have to change it later.

WARNING If the resharded collection uses Atlas Search, the search index is
unavailable upon completion of the resharding operation. You have to rebuild
the search index manually when the resharding process is complete.

Understanding chunk balancing

MongoDB structures sharded data into units known as chunks or ranges. From version
5.2 on, each chunk defaults to 128 MB, an increase from the previous 64 MB. A chunk
is defined by a lower bound (inclusive) and an upper bound (exclusive) set by the
shard key, holding a continuous sequence of shard-key values within a shard. With the
release of MongoDB 6.1, chunks ceased to autosplit; now they split only when trans-
ferred between shards. Before MongoDB 6.1, an autosplitter split chunks when they
exceeded the maximum chunk size.

In MongoDB 6.0.3 and later, sharded clusters distribute data based on the size of
the data, not merely the count of chunks. A background process known as the balancer
ensures that each shard for every sharded collection has a uniform data distribution,
moving chunks across shards to maintain balance. When a shard for a sharded collec-
tion reaches certain data limits, the balancer redistributes the data to maintain unifor-
mity across shards, respecting any set zones.

This balancing act is managed by the primary node of the config server replica set
(CSRS) and typically remains transparent to users and the Application layer, although
you may notice slight performance effects during its operation. The balancer limits
each shard to a single migration at a time, preventing concurrent data migrations on
one shard. Although MongoDB allows for parallel migrations, a shard can only be
involved in one migration at any time. In a cluster with n shards, MongoDB can handle
up to n/2 migrations at the same time.

Balancing rounds are initiated when the data difference between the most- and least-
loaded shards for a collection exceeds a set threshold. If the range size is 128 MB and
the data variation exceeds 384 MB (three times the range size), a migration is triggered.

It’s good practice to set a specific time frame for the balancer’s operations, known
as the balancing window or balancer window, to minimize disruption to peak production
traffic. To schedule the balancing window, connect to mongos using mongosh, and switch
to the config database:

use config
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Ensure that the balancer is not stopped because it will not activate in a stopped state.
Execute the following command:

sh.startBalancer ()

Now you can set or modify the balancer window using the updateone () command:

db.settings.updateOne (
{ id: "balancer" },
{ $set: { activeWindow : { start : "<start-time>",
stop : "<stop-time>" } } },
{ upsert: true }

For <start-time> and <end-times>, substitute time values formatted as two-digit hours
and minutes (HH:MM) to define the start and finish times of the balancing window.

NOTE The balancing window must be long enough to accommodate the
migration of all data entered during the day. Given that the rate of data inser-
tion can vary with different activity and use levels, it’s crucial to select a bal-
ancing window that adequately meets the operational requirements of your
system.

You can check the current state of the balancer by executing the following command
in mongosh (while connected to mongos):

sh.getBalancerState ()

This command retrieves the active status of the balancer process, showing whether it is
enabled. You can also use the following command to determine whether the balancer
is running:

sh.isBalancerRunning()

Administrating chunks

In most situations, it’s best to allow the automatic balancer to transfer ranges between
shards. In instances such as these, however, you may need to migrate ranges manually:

To presplit an empty collection, move ranges manually to ensure even distribu-
tion across shards. Use presplitting in limited situations to support bulk data
ingestion.

If the balancer in an active cluster cannot distribute ranges within the balancing
window, you have to migrate ranges manually.

In most cases, a sharded MongoDB cluster automatically creates, splits, and distrib-
utes chunks. Sometimes, however, it can’t generate enough chunks or distribute data
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quickly enough to meet throughput needs. Presplitting chunks in a sharded collection
can aid throughput, especially when large data volumes are ingested into an unbal-
anced cluster or when such ingestion would cause data imbalance, as with monotoni-
cally changing shard keys.

TIP  Presplit chunks only in an empty collection to avoid unpredictable
chunk sizes and ineffective balancing. Manually splitting chunks in a pop-
ulated collection can result in inefficient balancing and inconsistent chunk
ranges.

To segment data within a sharded cluster manually, use the split command to divide
a single chunk into multiple distinct chunks. This operation is performed within the
admin database of the sharded cluster. Consider partitioning the sample_training
.routes collection using the shard key:

{ "src_airport": 1, "dst airport": 1, "airline.name": 1 }.

To presplit the collection into meaningful segments, you might target specific combi-
nations of these fields that represent significant traffic routes. Here’s how to set this up

in mongosh:

// Split points to segment the collection into chunks
// based on common routes and airlines
var splitPoints = [

{ "src_airport": "JFK", "dst_ airport": "LHR",
"airline.name": "British Airways" },

{ "src airport": "LAX", "dst airport": "NRT",
"airline.name": "Japan Airlines" },

{ "src airport": "DXB", "dst airport": "SYD",
"airline.name": "Emirates" }

1

// Loop through the split points and apply the 'split' command
splitPoints.forEach (function (point) {
db . adminCommand ( {
split: "sample training.routes",
middle: point
1K,
K

Executing the script organizes the sample_training.routes data in segments based
on common air-travel routes:

Flights between "JFk" and "LHR" operated by "British Airways"

Flights between "LAX" and "NRT" operated by “Japan Airlines"

Flights between "DxB" and "syD" operated by "Emirates"

Flights that do not fall into these categories, representing other combinations of
source and destination airports with respective airlines
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From MongoDB 6.0 on, the balancer is responsible for distributing data across shards
according to the size of the data. Merely splitting ranges may not guarantee uniform
distribution of data across shards. To ensure balanced distribution, you may need to
relocate chunks manually:

// Define the shards for distributing the chunks
var shards = ["shard0000", "shard0001l", "shard0002", "shard0003"];
var splitPoints = [ /* Route data split points */ ];

// Determine the bounds for each chunk
splitPoints.forEach (function (point, index) ({
var lowerBound = { "src airport": MinKey,
"dst_airport": MinKey, "airline.name": MinKey };
var upperBound = { "src airport": MaxKey,
"dst_airport": MaxKey, "airline.name": MaxKey };
if (index > 0) {
lowerBound = splitPoints[index - 1];

}

if (index < splitPoints.length)
upperBound = point;
}

// Manually assign a chunk to a shard using the moveChunk command
db . adminCommand ( {

moveChunk: "sample training.routes",

find: lowerBound,

o

to: shards[index % shards.lengthl],
bounds: [lowerBound, upperBound]

I3
I3

This script manually assigns chunks of the sample training.routes collection to
specific shards by using the moveChunk command. It ensures even distribution of data
across the shards based on predefined split points, which optimizes the sharding pro-
cess and enhances query performance by aligning the data distribution with the access
patterns.

JUMBO CHUNKS

In MongoDB, when a chunk surpasses the designated size range and can’t be divided
automatically, it is tagged as jumbo. MongoDB generally handles the division and dis-
tribution of chunks seamlessly, but occasionally, you need to manage a jumbo chunk
manually. Split the chunk, and the jumbo tag is discarded. For this purpose, you can
employ the sh.splitAt () or sh.splitFind () function to split the oversize chunk.
INVISIBLE CHUNKS

In certain cases, MongoDB is unable to split a no-longerjumbo chunk, such as a chunk
with a range of a single shard-key value, and you cannot split the chunk to clear the
flag. In such cases, you can modify the shard key (reshard a collection) to make the
chunk divisible or remove the flag manually.
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To clear the flag manually, in the admin database, initiate the clearJumboFlag com-
mand, providing the namespace of the sharded collection and either of the following:

The boundaries of the jumbo chunk:

db . adminCommand ( {
clearJumboFlag: "sample training.routes",
bounds: [
{ "airline.id": 410 },
{ "airline.id": 411 }
]
)

The find document with a shard key and value that falls within the jumbo chunk:

db . adminCommand ( {
clearJumboFlag: "sample_ training.routes",
find: { "airline.id": 410 }

)

These commands clear the jumbo flag manually from chunks in the sample_training
.routes sharded collection. The first command specifies chunk boundaries, targeting
the chunk between airline.id 410 and airline.id 411. The second command tar-
gets a chunk containing a document in which airline.id is 410. Clearing the jumbo
flag indicates that these chunks are no longer considered excessively large and can be
split or migrated as needed.

9.3.10 Automerging chunks

In MongoDB 7.0, the introduction of AutoMerger as part of the balancer’s functional-
ity enhances the management of data shards. This feature automatically merges data
chunks that meet predefined criteria, streamlining operations in the background.

The mergeallChunksOnShard function in MongoDB combines all contiguous
chunks within a collection on a single shard that qualify for merging. Chunks can be
merged if they meet the following criteria:

They reside on the same shard.

They are not jumbo chunks. These larger chunks are ineligible for merging due
to their inability to be moved during migrations.

You must be able to remove their historical data safely, ensuring that transactions
and snapshot reads remain intact. Specifically, enough time must have elapsed
since the last migration of the chunk—at least the duration defined in min-

SnapshotHistoryWindowInSeconds and transactionLifetimeLimitSeconds.

Table 9.2 shows how mergeAllChunksOnShard works. The routes collection in the
sample_training database is sharded and consists of chunks that are eligible for merg-
ing due to their nonjumbo size and lack of historical data. Each chunk has a minimum
and a maximum shard-key value, indicating the range of data it contains. The Shard
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column specifies which shard hosts each chunk, indicating how the collection’s data is
partitioned across different shards in the cluster.

Table 9.2 Distribution of chunks in a sharded MongoDB collection

Chunk ID Min Max Shard
A x:0 x:15 Shard0
B x:15 x:30 Shard0
C x:30 x:45 Shard0
D x:45 x:60 Shardl
E x:60 x:75 Shardl
F x:75 x:90 Shardl
G x:90 x:105 Shard0
H x:105 x:120 Shard0

If you want to merge contiguous chunks on shardo, execute

db.adminCommand ({ mergeAllChunksOnShard: "sample training.routes",
shard: "Shardo" })

Executing the merge command on Shardo for the sample_training.routes collection
merges the contiguous chunks 2, B, and ¢ into one chunk and G and H into another,
reducing the total chunk count on shardo.

On shardil, execute

db.adminCommand ({ mergeAllChunksOnShard: "sample training.routes",
shard: "Shardi" })

Executing the merge command on Shardi for the sample_training.routes collection
merges contiguous chunks D, E, and F into a single chunk, reducing the total chunk
count on Shardl.

AutoMerger automates the merging of data chunks, enhancing shard management
by intelligently combining eligible contiguous chunks based on predefined criteria:

sh.startAutoMerger ()
sh.stopAutoMerger ()
sh.enableAutoMerger ()
sh.disableAutoMerger ()

These methods control the AutoMerger behavior. This automation leads to improved
query performance, optimized resource use, and reduced operational complexity, ulti-
mately making database administration more efficient.

MongoDB 8.0 sharded cluster features

MongoDB 8.0 introduces new features in sharded clusters. The following sections
describe the new features and improvements.
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Embedding config servers in sharded clusters

In version 8.0, MongoDB introduces the capability to embed sharding configura-
tion servers directly within sharded clusters. This enhancement simplifies the
overall architecture and reduces infrastructure costs while maintaining scale and
performance.

Separate replica sets dedicated to config servers are still supported and recom-
mended for setups with more than three shards. Also, new commands have been intro-
duced to facilitate transitions between embedded and dedicated config servers.

If you want to transition from a dedicated config server to an embedded config
server, run the following command in mongosh:

db.adminCommand ( { transitionFromDedicatedConfigServer: 1} )

If you want to transition from an embedded config server back to a dedicated config
server, run the command

db.adminCommand ( { transitionToDedicatedConfigServer: 1} )

You can switch configurations at any time for any reason. To switch to a dedicated
CSRS, run the command

transitionToDedicatedConfigServer

This command executes removeShard in the background to convert the config shard
to a config server and move your data from that shard to the other shards in the cluster.
To switch back to an embedded config server, run the command

transitionFromDedicatedConfigServer

TIP  Use dedicated config servers if you have more than three shards.

NOTE Atlas uses embedded config servers for three or fewer shards. You can
optinto or out of letting Atlas manage that configuration.

Moving unsharded collections seamlessly between shards

In MongoDB 8.0, you can relocate unsharded collections to different shards without
extra configuration, such as sharding the collections or choosing a shard key. This
simplifies horizontal scaling and allows geographic distribution of collections to meet
compliance requirements.

The command db . adminCommand ({moveCollection: "database.collection", to-
Shard: "shardName"}) is a new feature in MongoDB 8.0. Use it to move an unsharded
collection to a different shard without sharding the collection or selecting a shard key.
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Figure 9.4 illustrates the process of moving the unsharded collection sample_
training.zips from Shard0o to Shardl. Before the move, the sample training.zips
and sample_training.routes collections are located on shardo. After you execute
the command, the sample training.zips collection is relocated to Shardi, and the
sample training.routes collection remains on Shardo:

db.adminCommand ({moveCollection: "sample training.zips", toShard:"shardl"})

‘ | Zips

:l—Q ‘ Routes

Figure 9.4 MongoDB
8.0 allows you to move

000 000 000 unsharded collections to a
different shard seamlessly.

(Image © MongoDB 2024
Shard0 Shard0 Shard1 CC BY-NC-SA 3.0)

In certain use cases, moving collections between shards could affect performance:

Moving the collection that a view whose definition and collection are on differ-
ent shards uses away from the primary shard

Moving the collection that a view with $1ookup between collections on different
shards uses on a separate shard

Moving the collection that an on-demand materialized view uses (with $out)

Implicitly creating unsharded collections

Fragmentation

If your data has been sharded in versions of MongoDB before 6.0, it may suffer from
a degree of fragmentation, with the data being spread across an unnecessarily large
number of small chunks. In MongoDB 6.0 and later, functionality was added to allow
defragmenting, which reduces the number of chunks merging smaller chunks into
larger chunks. This improves create, read, update, and delete (CRUD) operation
times. In MongoDB 6.0, you can perform this operation manually; in MongoDB 7.0
and later, it occurs automatically.

Faster resharding

Resharding data across shards is four times faster now and includes time-series col-
lections, reducing the operational costs and complexity of managing the database
architecture. In MongoDB version 8.0, the limitation has been removed. Now you
can reshard to the same shard key using the reshardCollection command with
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forceRedistribution: true. This command allows the operation to run even if the
new shard key is the same as the old one, and you can use it with the zones option to
move data to specific zones:

db . adminCommand ( {
reshardCollection: "database.collection",
key: { fieldName: "hashed" },
forceRedistribution: true

)

Table 9.3 shows how MongoDB made resharding faster in version 8.0.

Table 9.3 Comparison of resharding: pre-8.0 vs. 8.0+

Pre-8.0 resharding 8.0+ resharding

The resharding process performsan _id | The resharding process performs a

scan and fetch using random 1/0 reads natural-order scan of the source

on the source collection. collection.

Build indexes on the new collection at Bulk-build the indexes on the new collec-
the beginning, and do incremental main- tion at the end.

tenance (random I/0 writes).

_idscan and fetch reads sequentially Each recipient shard reads from all donor
across all shards. shards in parallel.

Unsharding collections

MongoDB 8.0 allows you to unshard existing sharded collections using the unshard-
Collection command, which facilitates consolidating all the documents from a
sharded collection into a single shard. During the unsharding operation, MongoDB
transfers the data to a specific shard chosen by the user or automatically to the shard
with the smallest data footprint. This feature simplifies the management of sharded
data by enabling the migration of collections back to a single shard environment,
offering greater flexibility in how data is stored and managed.

You must execute the command on the admin database; you cannot run it on shared
MongoDB instances. The command structure is

db . adminCommand ( {
unshardCollection: "<database>.<collection>",
toShard: "<shard-id>"

3]

In this context, <databases>.<collections> indicates the collection to be unsharded,
and <shard-id> determines the shard where the collection’s data will be consolidated.
If <shard-id> is unspecified, the balancer selects the shard with the least data.

Before unsharding your collection, ensure that your application can tolerate a
2-second period during which writes to the affected collection are blocked, which may
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temporarily increase latency. Also, confirm that the target shard has sufficient storage
space—at least twice the combined size of the collection and its indexes. It’s also import-
ant to verify that the system’s I/ O capacity is below 50% and the CPU load is below 80%.

The unshardCollection operation can be performed on only one collection at a
time and has a minimum duration of 5 minutes. After unshardCollection runs, Atlas
Search indexes must be rebuilt. Further, you cannot make topology changes, such as
adding or removing shards or transitioning between embedded and dedicated config
servers, until the unshardcollection processis complete.

By implementing sharding, you can build highly scalable MongoDB clusters con-
sisting of many nodes that are capable of storing hundreds of terabytes of data. Each
shard contains a portion of the data and is a replica set for high availability. MongoDB
efficiently distributes queries and writes across all shards. This gives MongoDB a sig-
nificant advantage over traditional relational databases, which are constrained by ver-
tical scaling. But it is crucial to focus on key considerations, such as selecting the right
shard key to ensure even data distribution, prevent hotspots, and maintain optimal
performance.

TIP  For detailed information on MongoDB sharding, I recommend reviewing
the technical documentation at https://www.mongodb.com/docs/manual/
sharding.

Managing data consistency and availability

In MongoDB, Read/Write Concern and Read Preference manage data consistency
and fault tolerance, providing configurable tradeoffs among durability, performance,
and availability based on application needs. You can configure these settings to ensure
that writes are fully replicated for strong consistency or enable reads from secondary
nodes to optimize performance and reduce the load on the primary.

Write Concern specifies how many replica set members must acknowledge a write
for durability. Read Concern defines whether reads should reflect the latest writes or a
more relaxed data view. Read Preference controls whether reads target the primary or
secondary nodes to balance performance. My general advice is that is if you read your
own writes on the primary, you should use the "majority" Read Concern and perform
writes with the { w: "majority" } Write Concern. The default Read Concern setting
is "local", and the default Write Concern setting is "majority". The following sec-
tions discuss how these settings work.

Write Concern

Write Concern specifies how many members of a replica set must acknowledge a write
operation before it’s considered successful. This means that MongoDB waits for con-
firmation from a certain number of replica set members (nodes) before informing
the client that the write operation (such as inserting, updating, or deleting a docu-
ment) was successful. The more members that need to acknowledge the write, the
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more durable and reliable the data is, but this involves a tradeoff: higher durability
can reduce performance because MongoDB waits for multiple nodes to confirm the
operation.

The settings for Write Concern are controlled using { w: <value>, j: <booleans,
wtimeout: <number> } options. I discuss these components in the following sections.

W: <VALUE>
The w option specifies how many replica set members must acknowledge the write
operation. The value can be

w: 1—Only the primary node acknowledges the write. It’s fast but less durable
because the data may not have been replicated to secondaries. On a social media
platform that handles temporary actions such as counting likes, this level allows
faster response times to users but risks losing some likes if the primary node fails
before replication occurs.

w: "majority" (default)—A majority of voting members must acknowledge the
write, which ensures stronger durability and data consistency. In an e-commerce
system, this level ensures that an order placed by a customer is written safely
across multiple nodes, so even if the primary node fails, the data is preserved and
recoverable.

w: 0—No acknowledgment is required, so MongoDB does not wait for any con-
firmation. This option provides maximum speed but no durability guarantee.
You could use this option in scenarios such as logging systems in which losing
some log entries is acceptable and the priority is on collecting data as quickly as
possible.

w: "all"—All members of the replica set must acknowledge the write. This
option provides the highest level of durability but may slow the operation signifi-
cantly. It is useful in critical applications such as banking systems in which every
transaction must be written securely to all replica set members, ensuring that no
data is lost even if several nodes fail.

J: <BOOLEAN>
The j option determines whether the write operation must be written to the on-disk
journal before acknowledgment. Journaling provides added durability by ensuring
that data is recoverable even if the server crashes after the write. The value can be

j: true—The write is acknowledged only after being written to the on-disk jour-
nal. This option ensures that the data is durable and recoverable, making it suit-
able for systems in which data integrity is critical, such as health care systems, in
which patient data must not be lost.

j: false—MongoDB does not wait for the write to be committed to the on-disk
journal before acknowledging it. This option can provide faster performance but
less durability in the event of a crash
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WTIMEOUT: <NUMBER>

The wtimeout option specifies (in milliseconds) how long MongoDB will wait for
the required number of members to acknowledge the write. If the specified acknowl-
edgment is not received within this time limit, the operation returns an error. The
wtimeout option is useful for preventing indefinite blocking if some nodes are slow
or unreachable. In a globally distributed system, if a replica in another region is
slow to respond, the wtimeout option ensures that the write operation doesn’t hang
indefinitely.

You can define Write Concern in several places in MongoDB. You can set it per
operation (e.g., during an insert, update, or delete operation), at the connection level
in mongosh or the MongoDB driver, or globally for a replica set using setDefault-
RWConcern. These options allow you to adjust the acknowledgment requirements based
on the specific needs of the operation, client, or deployment. Here’s an example of
setting Write Concern for an insert operation in mongosh:

db.routes.insertOne (
{ src_airport: 'mMuUC'},
{ writeConcern: { w: "majority", j: true, wtimeout: 5000 } }

In this example, w: "majority" ensures that the write is acknowledged by the major-
ity of replica set members, providing stronger durability. The option j: true ensures
that the write is committed to the on-disk journal, adding durability in case of a sys-
tem crash. The wtimeout: 5000 setting specifies a 5-second time limit for receiving the
acknowledgment, preventing the operation from waiting indefinitely if the required
nodes do not respond within that time.

Read Concern

Read Concern allows you to control the consistency and isolation properties of the
data returned by queries in MongoDB, whether from replica sets or sharded clusters.
It specifies how consistent the data should be, balancing performance and availability.
Supported levels are

local (default)—Reads data from the instance without guaranteeing that the
data has been replicated to other replica set members. It is fast but may return
data that could be rolled back later.

available—Provides the lowest latency by reading data from the instance with-
out waiting for confirmation that it has been replicated. This mode offers mini-
mal consistency and is useful when availability is more important than accuracy,
such as in a sharded cluster.

majority—Ensures that the data returned has been acknowledged by most
replica set members, guaranteeing that the data is durable and can withstand
node failures. This level is typically used for applications that require strong con-
sistency, such as e-commerce systems.
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linearizable—Provides the strictest consistency. Reads return only the latest
version of the data after confirming that all previous majority-acknowledged
writes have been applied. This level can be used in critical systems in which con-
sistency is paramount, such as financial transactions, but it may introduce perfor-
mance overhead.
snapshot—Reads data from a pointin-time snapshot of majority-committed
data across the entire cluster. This level is useful in multidocument transactions,
ensuring that all data read within a transaction reflects a consistent state.
You can specify the Read Concern in MongoDB for queries by using the .read-
Concern () method on the cursor:

db.routes.find ({ src_airport: 'MUC' }).readConcern('majority")

In this example, setting the Read Concern level to 'majority' ensures that the query
returns data that has been confirmed by a majority of the replica set members. This
guarantees stronger consistency and durability, as the data has been acknowledged by
most members of the replica set before being returned.

You can also set the Global Default Read and Write Concerns for all operations across
areplica set using the setDefaul tRWConcern command. This setting ensures consistent
behavior for reads and writes without specifying concerns for each operation. Here’s an
example of setting the default Write Concern and Read Concern globally:

db . adminCommand ( {
"setDefaultRWConcern": 1,
"defaultWriteConcern": {

||w||: 2
1
"defaultReadConcern": {
"level": "majority"

}
1))

The default Write Concern is set to w: 2, meaning that writes will be considered suc-
cessful only when they are acknowledged by two replica set members. The default Read
Concern is set to level: "majority", ensuring that reads return data that has been
confirmed by a majority of the replica set members. These global defaults, however,
can be overridden by concerns set at the driver or operation level. If a Read Concern
or Write Concern is explicitly specified in the application code or driver, for example,
it takes precedence over the global default.

If you want to check the current global default Read and Write Concerns, use the
following command:

db . adminCommand ( {
"getDefaultRWConcern": 1

1
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This command returns the configured global default Read Concern and Write
Concern.

Read Preference

Read Preference determines which members of a replica set MongoDB should read
data from. By default, MongoDB reads from the primary node to ensure the most
up-to-date data. You can adjust Read Preference to allow reading from secondary
nodes, however, which can help distribute read load and improve performance in cer-
tain situations.

You control the settings for Read Preference with the { mode: <value- } option.
Let’s take a closer look at the components:

primary (default)—All reads are directed to the primary node, ensuring that the
most up-to-date data is returned. This setting, however, can lead to performance
bottlenecks if the primary node is handling both read and write operations. This
setting is suitable for applications in which data consistency is critical, such as
financial applications, in which every transaction must be based on the latest data.

primaryPreferred—Reads are directed to the primary if it is available. If the
primary is unavailable, MongoDB reads from a secondary node. This mode pro-
vides a balance between performance and availability, ensuring consistency while
allowing for continued reads during primary downtime.

secondary—Reads are directed exclusively to secondary nodes. This setting
reduces the load on the primary node but may return slightly stale data because
it has not yet been replicated. This mode is useful when availability and read
performance are prioritized over strict consistency, such as in reporting systems
or analytics. Analytical aggregation pipelines are good candidates to be run on
secondary nodes to offload processing from the primary.
secondaryPreferred—Reads are directed to secondary nodes if they are avail-
able. If no secondary is available, MongoDB reads from the primary. This setting
provides flexibility by prioritizing secondary reads while still allowing reads from
the primary in case of problems with the secondary nodes.

nearest—MongoDB directs reads to the node with the lowest network latency,
whether it’s a primary or secondary. This setting is particularly useful in geo-
graphically distributed systems when you want to prioritize performance by read-
ing from the closest available node, even though the data may not be the most up
to date.

Here’s an example of setting Read Preference for a specific query in mongosh:

db.routes.find ({ src_airport: 'MUC' }).readPref ('secondaryPreferred')

In this query, the .readPref ('secondaryPreferred') method is appended to the cur-
sor returned by £ind (). It directs the query to a secondary node if one is available but
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falls back to the primary if no secondaries are accessible. This approach helps distrib-
ute the load across replica set members while ensuring data availability.

By configuring Read Preference, you can optimize read performance across your
application, distribute load efficiently, and adjust consistency guarantees based on the
specific requirements of your deployment.

Summary

Areplica setin MongoDB is a group of mongod processes that store identical data
sets, ensuring redundancy and high availability. Members can exist in various
states and perform different roles within the replica set.

MongoDB uses PV1, based on the Raft algorithm, for replica set elections, ensur-
ing data consistency. It features a voting system to decide the primary member,
including the term concept. The oplog is a capped collection that logs ordered
write operations in MongoDB, enabling replication. Write operations that don’t
change data or fail don’t generate oplog entries.

MongoDB change streams offer reliable, ordered, resumable change-event
notifications with RBAC, ensuring data durability across replica sets. They also
integrate with the aggregation pipeline for efficient serverside data processing,
unlike oplog tailing.

MongoDB uses sharding to partition data across multiple servers, enabling hori-
zontal scaling and improved handling of large data volumes and high transaction
rates. A MongoDB sharded cluster can consist of any number of shards, each
holding a fragment of data, allowing the total database size to exceed 100 TB
without a clear upper limit.

MongoDB shards data at the collection level, distributing the collection data
across the shards in the cluster using the shard key, which consists of one or more
fields within the documents.

You can create a sharded cluster in MongoDB Atlas. Unlike the MO cluster you set
up in chapter 1, these clusters are not free in Atlas, so you must set up a payment
method. Sharded clusters are supported starting from the M30 tier.

Starting with MongoDB 8.0, config servers can be embedded in sharded clusters,
simplifying the architecture and reducing overall infrastructure costs.

Choosing the right shard key is crucial in sharding clusters. A poor choice can
lead to inefficient data distribution, load imbalances, and poor query perfor-
mance. In some cases, an overloaded shard, known as a Aot shard, can become a
bottleneck, negatively affecting the cluster’s overall performance.

MongoDB simplifies shard-key selection with the analyzeShardkey command,
which provides metrics based on sampled queries for informed decision-making
in both unsharded and sharded collections.

MongoDB organizes sharded data in chunks or ranges, each defaulting to 128
MB. A chunk is defined by a shard key’s lower bound (inclusive) and upper
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bound (exclusive), containing a continuous sequence of shard-key values within
ashard.

Presplitting chunks in a sharded collection can improve throughput, particu-
larly when you’re dealing with large data volumes in an unbalanced cluster or
ingesting data that could lead to imbalance, such as with monotonically chang-
ing shard keys.

AutoMerger, integrated into the balancer’s functionality, improves data shard
management by automatically merging eligible data chunks based on predefined
criteria, optimizing operations seamlessly in the background.

In MongoDB 8.0, you can move unsharded collections between shards without
additional configuration such as sharding or selecting a shard key. This simpli-
fies scaling horizontally and supports geographical distribution for compliance
needs.

In MongoDB 8.0, data resharding across shards is four times faster and includes
support for time-series collections, which reduces operational costs and simpli-
fies database architecture management.

In MongoDB 8.0, you can use the unshardCollection command to move all doc-
uments from a sharded collection to a single shard—a specified one or the shard
with the least data.

Write Concern defines how many replica set members must acknowledge a
write operation for it to be successful. The levels include w: 1 (only the primary
acknowledges), w: "majority (a majority of members acknowledge), w: 0 (no
acknowledgment is required), and w: "all" (all members must acknowledge).
Read Concern defines the consistency level for read operations. The levels
include local (reads from the current node), majority (data confirmed by the
majority), linearizable (strict consistency), and snapshot (consistent view at a
specific pointin time).

Read Preference determines which replica set members handle read operations.
The options include primary (reads from the primary), primaryPreferred (pri-
mary if available; otherwise, secondary), secondary (reads from secondaries),
secondaryPreferred (secondary if available; otherwise, primary), and nearest
(reads from the node with the lowest latency).






Part 2

MongoDB Atlas
data platform

Imagine being able to build a production-ready backend in minutes, not
days—without configuring servers, setting up backups, worrying about patching,
or managing replica sets. You write the code, define your data, and deploy. The
rest? Handled automatically by the cloud.

That’s the idea behind MongoDB Atlas. It’s not just a managed MongoDB
cluster running in the cloud; it’s a full-featured data platform, designed to sim-
plify application development while giving you access to enterprise-grade perfor-
mance, availability, and security out of the box. Built on top of the core MongoDB
database, Atlas extends your capabilities with tools for search, Al integration, real-
time data processing, analytics, and event-driven architectures, all deeply inte-
grated and fully managed.

The days of stitching together ten tools to build a modern application stack
are fading. With Atlas, you can store your data, search it, analyze it, process it as it
streams in, and even build Al-powered applications, and do it all within a single
platform.

This part of the book walks you through the many services offered by Atlas and
shows how to use them in real-world applications. You’ll start in chapter 10 by
learning what it means to run MongoDB as a fully managed service and how Atlas
automates key operations such as scaling, backups, and high availability.

Chapter 11 introduces Atlas Search, which brings powerful full-text search
capabilities to your data using Apache Lucene under the hood. You’ll learn how
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to build custom search indexes and integrate search directly into your application
workflows using familiar MongoDB aggregation pipelines.

Chapter 12 takes things further with Atlas Vector Search, a next-generation tech-
nique for building applications that understand context and meaning—not just
keywords. You’ll see how to use embeddings to perform semantic search, power rec-
ommendation engines, and even build Al chatbots that retrieve facts from your data.

Speaking of Al, chapter 13 guides you through creating local Al-powered appli-
cations with the Atlas command-line interface (CLI), showing you how to spin up
local clusters and prototype features quickly. Then, in chapter 14, you’ll learn how
to build a retrieval-augmented generation (RAG) chatbot using MongoDB, Lang-
Chain, and vector search—an architecture that’s quickly becoming the standard in
generative Al systems.

In chapter 15, you’ll explore event-driven development with Atlas Stream Process-
ing, which allows your applications to react to data changes in real time. Whether
MongoDB is syncing updates to a dashboard, sending notifications, or triggering
downstream processes, you'll see how it can power real-time pipelines from source
to action.

Chapter 16 introduces Atlas Data Federation, which lets you run queries across
multiple data sources, including Azure Blob Storage, Amazon S3 buckets, and
MongoDB collections without moving or duplicating data.

In chapter 17, you’ll learn how to optimize storage costs with Atlas Online Archive,
automatically tiering infrequently accessed data while keeping it queryable.

Chapter 18 explores SQL access to MongoDB, showing how you can connect
business intelligence (BI) tools, write SQL queries, and integrate MongoDB with
analytics platforms. Finally, in chapter 19, you’ll dive into charts, functions, and
triggers—tools that let you build visualizations, automate server-side logic, and react
to data changes in powerful ways.

Atlas gives developers a unified toolbox for building intelligent, scalable, real-
time apps without gluing together separate systems. By the end of this part, you’ll
know how to turn MongoDB Atlas into the heart of your modern application stack.



Delving into Database
as a Service

This chapter covers

Mastering MongoDB Atlas’s Database as a
Service

Differentiating MO and Flex Atlas clusters
Comprehending dedicated M10+ Atlas clusters
Scaling Atlas cluster and storage with
autoscaling

Going multicloud with Atlas multicloud and region
clusters

In part 1 of this book, I intentionally avoided MongoDB server administration prob-
lems to focus on Atlas, a managed Database as a Service (DBaaS). Atlas handles most
MongoDB administrative tasks, simplifying database operations and allowing devel-
opers to concentrate on application development. It automates critical functions
such as deployment, scaling, upgrades, and backups to ensure optimal performance
and security. Its features include real-time analytics, comprehensive monitoring,
and performance optimization.
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Atlas offers various cluster options: MO for beginners, Flex for development and test-
ing, M10 and M20 for development, and M30+ for production, all with support for
replica sets and sharded deployments. It allows automatic adjustments of cluster tiers
and storage.

In Atlas, you can select your desired cluster tier, which determines the memory, stor-
age, virtual CPUs (vCPUs), and input/output operations per second (IOPS) specifica-
tions for each data-bearing server in the cluster. You can also automatically scale your
cluster tier, storage capacity, or both in response to cluster use.

Atlas offers several types of clusters to cater to different needs and use cases. The
types of clusters vary depending on the tier. The beginner-tier clusters have limited
functionalities, whereas the developer and higher-tier clusters offer a full range of fea-
tures that are necessary for production use cases.

Also, Atlas extends the functionalities of the core MongoDB server by adding Atlas
Search, Atlas Vector Search, Atlas SQL Interface, Atlas Stream Processing, Atlas Data
Federation, Atlas Online Archive, and more, making it a comprehensive developer data
platform.

Shared MO and Flex clusters

Atlas MO (free tier) and Flex clusters are ideal for getting started with MongoDB and
for low-throughput applications:

MO (free tier)— Ideal for learning MongoDB and building small development
projects. It provides limited resources and storage.

— Deployment type—Replica set

Ilex—The base monthly plan includes 5 GB of storage, 100 operations per sec-
ond, and unlimited data transfer. Clusters scale with your use, and additional
operations may incur charges, though your monthly bill stays under control. This
cluster type is suitable for small applications and development environments.

— Deployment type—Replica set

These clusters run in a shared environment and provide limited access to Atlas fea-
tures. You can deploy one MO cluster (a free sandbox replica set) per Atlas project,
and you have the option to upgrade an MO free cluster to Flex or M10 at any time. To
change your cluster tier, select Edit Configuration from the drop-down menu in the
Adas UI (figure 10.1).

In the Cluster Tier section, shown in figure 10.2, choose the tier you want to migrate to.

TIP  Scaling up or down a MO, Flex, or M10 cluster requires 7 to 10 minutes of
downtime.

In a shared environment, multiple clusters use the same underlying hardware
resources. This setup reduces costs but may limit performance and the range of avail-
able features compared with those of dedicated clusters. Table 10.1 shows the limits for
these clusters.
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Figure 10.1 Edit the configuration in the Atlas Ul. (Image © MongoDB 2025)

Figure 10.2 Cluster Tier section of the Atlas Ul with available MO, Flex, and M10 clusters (Image © MongoDB 2025)

Table 10.1 Configuration limits for Atlas MO (free tier) and Flex

Configuration option Limit

Cloud service provider Deploy only in a subset of regions in Amazon Web Services
and regjon (AWS), Google Cloud Provider (GCP), and Microsoft Azure
MongoDB version Can’t upgrade manually. Atlas automatically upgrades after
upgrade several patch versions become available.

Cluster tier Only one MO cluster per project

Cluster memory Can’t configure memory

Cluster storage Can’t configure storage size

Replication factor Set to three nodes and can’t be modified
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Table 10.1 Configuration limits for Atlas MO (free tier) and Flex (continued)

Configuration option

Replica set tags No predefined replica set tags

Sharded cluster Can’t deploy as a sharded cluster

Backup Can’t enable backups in MO. You can use mongodump for
backup and mongorestore for restore.

Test primary failovers Can’t perform primary failover testing

Simulate regional Can't perform regional outage testing

outage

Database auditing Can’t configure database auditing

Encryption at rest Can’t configure

using customer key

management

Network peering Can’t configure

connections

Private endpoints Not supported

Access tracking Can’t view database access history

It’s important to note that backups for the MO cluster do not exist; you must use your
own logical backup tool, such as mongodump (chapter 21). The Flex cluster offers snap-
shots but does not allow you to restore to a specific point in time. These clusters also
lack advanced security features, so they are not recommended in production use cases
or for storing sensitive data.

The MO and Flex clusters also have operational limits compared with the core
MongoDB server and Atlas clusters available in higher tiers. Table 10.2 summarizes
these limits.

Table 10.2 Operational limits for Atlas MO (free tier) and Flex

Operation Limit

Aggregation and queries No allowDiskUse option; no ScurrentOp, $1listLocal-
Sessions, $listSessions,or SplanCacheStats stages;
maximum 50 stages

APl access Create MO free cluster using the Clusters API resource, but can’t mod-
ify; subset of APl endpoints supports Flex clusters

Atlas alerts Can trigger alerts only for connections, logical size, network, and
opscounter

Atlas monitoring Metrics view displays only connections, logical size, network, and
opscounter

Authentication Supports password (SCRAM-SHA1), X.509 certificates, and AWS iden-

tity and access management (IAM)

Autoexpand storage Not provided

BSON nested object depth Maximum 50 nested levels
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Table 10.2 Operational limits for Atlas MO (free tier) and Flex (continued)

Operation Limit

Build index with rolling build Not supported

Change-stream filtering Only strings and regular expressions for database names; no com-
mands such as $1in for database namespace filters

Cluster persistence Atlas may deactivate idle MO free clusters

Command-line tools mongorestore options - -restoreDbUsersAndRoles,
--oplogReplay, and - -presexrveUUID are not supported.
mongodump options - -dumpDbUsersAndRoles and - -oplog
are not supported.

Connections Maximum 500 connections

Cursors No noTimeout cursor option

Custom roles Changes might take up to 30 seconds to deploy

Database and collections Maximum 100 databases and 500 collections

Access to collections in local, No read access to local except oplog; no write access to local and

admin, and config databases config; no read/write access to admin

Database logs Can’t download logs

DatarRecovery No custom policies; single daily snapshot; can’t restore to sharded
cluster

Data storage MO, 0.5 GB; Flex, 5 GB

JavaScript Server-side JavaScript not supported (e.g., Swhere)

Namespaces and database Namespaces are limited to 95 bytes; database names are limited to

names 38 bytes.

Number of free clusters One MO free cluster per Atlas project

Performance advisor Not provided

Query use Must remain below 100% use over any 5-minute period

Real-time performance panel Not provided

Sortin memory Limitis 32 MB

Throughput MO:,100 operations/second; Flex, 500 operations/second. Throttling
and cooldown period apply if these limits are exceeded.

Automatic pause of idle clusters Paused after 60 days of inactivity; can resume unless version can’t be
restored

10.2 Dedicated clusters
Atlas offers additional tiers:

M10 to M40—Suitable for medium-size applications, providing more resources,
better performance, and additional features such as virtual private cloud (VPC)
peering

— Deployment type—Replica set or sharded cluster (from M30)

M50 to M200—Designed for large-scale applications requiring high perfor-
mance, increased storage, and advanced configurations
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— Deployment type—Replica set or sharded cluster

M300 and higher—Tailored for enterprise-level deployments with very high per-

formance, large storage capacities, and extensive scalability options

— Deployment type—Replica set or sharded cluster

Table 10.3 compares the most important features of MongoDB Atlas across tiers. You
can find more information about dedicated cluster features in part 3 of this book.

Table 10.3 Key differences among MO (free), Flex, and M10+ (dedicated) clusters

Feature

Storage (data storage
size+index size)

Metric and alerts

VPC peering

Global region selection

Cross-region
deployments

Backups

Sharding
Dedicated cluster

Performance advisor

MO (free)
512 MB

Limited

No

MO clusters in subset
of AWS, GCP, and Azure
regions

No

No

No
No

No

Flex
5GB

Limited

No

Flex clusters in subset
of AWS, GCP, and Azure
regions

No

Yes; daily backup
snapshots

No
No

No

M10+ (dedicated)
10GBto4TB

Full metrics, the Real
Time Performance
tab, and full alert
configuration

Yes

Available in AWS, GCP,
and Azure

Yes

Yes, including query-
able backups

Yes, for M30+ tier

Yes. M10+ clusters
deploy each mongod
process to its own
instance.

Yes

10.2.1 Atlas clusters for low-traffic applications

The M10 and M20 cluster tiers are ideal for development environments and low-traffic
applications. These tiers support only replica set deployments but offer full access to
Atlas features. M10 and M20 clusters operate on a burstable performance infrastruc-
ture, meaning that they can handle occasional increases in traffic but are optimized for
lower, steady workloads.

In addition, M10 and M20 clusters provide robust security, automated backups, and
monitoring (chapter 21), ensuring a reliable, secure environment for your applications.
They also allow seamless upgrades to higher tiers as your application’s demands grow.

TIP  For any M10+ cluster, you can use the Atlas command-line interface (CLI)
and the command atlas cluster update <your clusters> --tier <any tier
larger than M10> to change the cluster size.
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Atlas clusters for high-traffic applications

Clusters in the M30 tier and higher are ideal for production environments. These clus-
ters support replica set and sharded cluster deployments, providing full access to all
Atlas features.

Certain clusters have variants, marked by the > character. When you choose one of
these clusters, Atlas displays the variants and tags each cluster to highlight their key
characteristics.

Autoscaling clusters and storage

You can set the cluster tier ranges that Atlas uses to automatically adjust your cluster
tier, storage capacity, or both based on use. Cluster autoscaling handles most scaling
needs, but advanced use cases may require custom scripts or consulting services. To
manage costs, you can define a maximum and minimum range for cluster sizes and
adjust those ranges automatically. Autoscaling operates on a rolling basis, ensuring no
downtime during the process.
AUTOSCALING CLUSTERS
Atlas evaluates the following cluster metrics to decide when and how to scale a cluster
up or down:

CPU use

Memory use

Atlas calculates memory use with this formula:

(memoryTotal - (memoryFree + memoryBuffers +
memoryCached) ) / (memoryTotal) * 100

Here, memoryFree, memoryBuffers, and memoryCached represent the memory that can
be reclaimed for other uses. Atlas will not scale your cluster tier if

The new cluster tier is outside your specified minimum and maximum cluster
size range (figure 10.3).
Memory use would exceed available memory for the new cluster tier.

Atlas scales only within the same cluster class. That is, General clusters scale to
other General cluster tiers but not to Low-CPU tiers.

For replica sets, Atlas does not autoscale by adding more nodes or converting to
asharded cluster.

For sharded clusters, Atlas does not autoscale horizontally by adding shards.
In the Cluster Tier section of the Auto-Scale options section, you can specify the Max-
imum Cluster Size and Minimum Cluster Size values for automatic scaling. Atlas sets
these values as follows:

Maximum Cluster Size is set to one tier above your current cluster tier.

Minimum Cluster Size is set to the current cluster tier.
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Figure 10.3 shows the configuration options for autoscaling in Atlas. If the Cluster Tier
Scaling option is enabled, you can set the Minimum and Maximum Cluster Size values.
For this configuration, Minimum Cluster Size is set to M30, and the Cluster Size is set
to M50. You also have an option to allow the cluster to scale down.

Figure 10.3 The Atlas Ul’s Cluster Tier section, where you can configure cluster and storage autoscaling
(Image © MongoDB 2025)

TIP  When you create clusters using the Atlas U, autoscaling for cluster tiers
is enabled by default. If you create clusters via the API or Atlas CLI, however,
autoscaling for cluster tiers is disabled by default.

NOTE Atlas activates Cluster Auto-Scaling for all cluster tiers within the Gen-
eral and Low-CPU tiers, excluding only the highest cluster tier.

AUTOSCALING STORAGE

Atlas enables cluster storage autoscaling by default. When any node in the cluster
reaches 90% disk space usage, Atlas automatically increases the storage. This process
requires time to prepare and copy data to new disks. Automatic scaling may not occur
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during a sudden surge of high-speed write activity, such as a bulk insert. To avoid run-
ning out of disk storage, cluster managers should plan to scale up clusters before bulk
inserts and other high-speed write activity.

Autoscaling behavior differs by cloud provider:

AWS and GCP clusters—Atlas increases cluster storage capacity to achieve 70%
disk space use. For more information on AWS storage change limitations and
how Atlas handles them, see the documentation on changing storage capacity or
IOPS in AWS at https://mng.bz/5vm1.

Azupre clusters—Atlas doubles the current amount of cluster storage.

NOTE Atlas automatically scales cluster storage up but never down. You can
reduce your cluster storage manually if necessary.

SCALING CLUSTER TIER AND CLUSTER STORAGE IN PARALLEL

When Atlas attempts to scale your cluster storage capacity automatically, it might
exceed the limits supported by your current cluster tier. To prevent downtime, Atlas
also scales your cluster tier to match the new storage capacity. If your maximum speci-
fied tier can’t support the new capacity, Atlas does the following:

Raises your maximum cluster tier to the next suitable tier

Scales your cluster to this new maximum tier

If Atlas tries to scale down, and the target tier can’t support the current disk capacity
or IOPS, it won’t scale down. Instead, it will adjust the autoscaling settings as follows:

If the cluster is at the maximum tier, Atlas disables downward scaling.

If not, it raises the minimum tier to the current tier.

This logic ensures minimal downtime due to mismatched storage settings. Atlas noti-
fies all project owners via email about any changes to the cluster tier and the adjusted
minimum or maximum tiers.

Customizing Atlas cluster storage

Atlas offers flexible storage configuration options tailored to your needs, varying by
cloud provider and cluster tier. Each cluster tier has a predefined set of resources, and
M10+ clusters allow you to customize your storage capacity. For M40+ clusters, Atlas
provides three distinct cluster classes:

Low CPU—This cost-effective option is ideal for applications that need more
memory but fewer CPUs. It includes half the vCPUs of the General class of the
same tier. A General M40 instance has four vCPUs, for example, whereas a Low
CPU M40 instance has two vCPUs. Depending on the tier, this option may also
offer fewer maximum connections.

General—Suitable for all production environments, this balanced option pro-
vides a standard allocation of resources, ensuring robust performance.


https://mng.bz/5vm1
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Local NVMe solid-state drive (SSD)—This option offers high-speed, low-latency stor-
age and is ideal for demanding applications. Atlas offers NVMe SSD storage for
dedicated clusters on AWS and Azure, ensuring low-latency and high-throughput
I/0. Currently, NVMe clusters are not supported in GCP.

TIP  Choosing a different cluster class affects overall cost, allowing you to select
the configuration that best fits your performance and budget requirements.

OPLOG COLLECTION SIZE IN ATLAS

Atlas handles the cluster’s oplog size and entries differently depending on whether
storage autoscaling is enabled. By default, Atlas enables storage autoscaling for clus-
ters. When storage autoscaling is active, the oplog entries are managed based on the
minimum oplog retention window (oplogMinRetentionHours) setting. The oplog win-
dow represents the time difference between the newest and oldest timestamps in the
oplog.

The minimum oplog retention window is set to 24 hours by default, ensuring that
oplog entries are retained for at least 24 hours or until the oplog reaches the maximum
size allowed by MongoDB best practices. You can customize this retention window via
the Atlas UL For successful autoscaling, the minimum oplog retention window should
be (60 seconds) * (GB of disk space configured.

Opt out of storage autoscaling by clearing the Storage Scaling check box in the Auto-
Scale section. Then Atlas manages the oplog size as follows:

General and Low-CPU clusters—5% of disk size at cluster creation
Clusters with NVMe storage—10% of disk size

If the storage size changes, Atlas does not adjust the oplog size automatically. You can
set the oplog size manually when creating a cluster, however, ensuring that it scales pro-
portionally with storage increases:

General and Low-CPU clusters—The oplog size scales remain at 5% of storage
capacity, adhering to a maximum size determined by MongoDB best practices.

NVMe storage clusters—The oplog size scales remain at 10% of storage capacity,
following the same best practice limits. Decreasing storage capacity does not
resultin a change to the oplog size.

CHANGING STORAGE CAPACITY
Atlas handles changes in storage capacity and IOPS differently depending on the cloud
provider:

AWS—In AWS, when storage or throughput increases, Atlas modifies data vol-
umes in place without downtime for the first change. For later changes, if the
volume is less than 1 TB and the last change occurred less than 5 hours and 30
minutes ago, Atlas provisions new volumes and syncs data. For volumes over 1 TB,
Atlas makes changes in place. Decreasing storage capacity involves provisioning
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new volumes and syncing data because AWS doesn’t allow in-place reductions.
But AWS does allow in-place reduction of IOPS.

Azure—You can change storage capacity in preset amounts. Increases are made
in place without downtime, but decreases require replacing nodes and perform-
ing initial syncs, causing temporary unavailability for modified nodes.
GCP—Increasing storage capacity is done in place with zero downtime. For
decreases, new volumes are provisioned and data is synced, similar to Azure.
Multicloud deployments—Atlas uses the lowest common denominator across pro-
viders to ensure consistency.

AWS IOPS

For AWS-backed M30+ clusters, Atlas allows you to provision IOPS. Provisioned IOPS
let you customize the maximum IOPS rate for your cluster; they deliver a more con-
sistent IOPS rate and lower the cluster’s p90 latency (the time within which 90% of
requests are completed), resulting in faster response times.

General-purpose SSD volumes are designed to deliver baseline performance 99% of
the time, whereas provisioned IOPS SSD volumes are designed to deliver their perfor-
mance 99.9% of the time. When you select the Provision IOPS option, the storage type
changes from general-purpose SSD volumes to provisioned IOPS SSD volumes, affect-
ing characteristics, performance, and cost.

If you do not select the Provision IOPS option when creating your M30+ tier cluster,
it defaults to standard IOPS:

Minimum standard IOPS is 3,000 and stays at 3,000 unless storage reaches 1 TB
or more.

For 1 TB+ storage, Atlas uses a 3:1 IOPS-to-storage ratio, up to 16,000 IOPS for
AWS network storage.

Local NVMe SSD clusters must use standard IOPS.

Atlas Global Clusters

Atlas Global Clusters are sharded clusters designed to distribute data across multiple
geographic regions, optimizing for low latency and high availability. They are designed
for applications that require low latency and data locality. These clusters enable you to
deploy your MongoDB database across various regions worldwide, ensuring that your
application remains responsive and reliable regardless of user location.

Atlas Global Clusters, supported in M30 and higher tiers, offer several key features
that enhance performance and compliance:

Global data distribution—You can distribute your data across various regions to
give users low-latency access by keeping data closer to them.
Geopartitioning—You can control data residency at a detailed level to meet regula-
tory requirements, ensuring that specific data stays within designated geographic
areas.
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Read and write anywhere—You can configure your global cluster to support read
and write operations in any region, enhancing application resilience and user
experience with faster access times.

Fundamentally, you can establish zones globally, each containing at least one shard—
essentially, a replica set. This configuration enables you to read and write data specific
to each region from its local shard(s).

Atlas Global Clusters require defining single or multiregion zones that support
write and read operations from geographically local shards and can be configured for
low-latency global secondary reads. Each cluster supports up to nine distinct zones,
each including one Highest Priority region and one or more Electable, Read-only,
or Analytics regions. The available regions vary based on the selected cloud service
provider. Table 10.4 describes the available regions in Atlas.

Table 10.4 MongoDB Atlas region types

Region type Description

Highest Priority Region where Atlas deploys the primary replica set member. Clients can issue only
write operations to the primary. This region’s location helps you construct a map for
directing write operations to the correct zone.

Electable Region where Atlas deploys electable secondary replica set members, providing addi-
tional fault tolerance in case of a regional outage in the Highest Priority region.

Read-only Region where Atlas deploys nonelectable secondary replica set members to support
secondary read.

TIP Add a Read-only node in the Highest Priority region of each zone for
low-latency local reads.

You can configure Atlas Global Cluster as a multicloud cluster, spanning major cloud
providers such as AWS, GCP, and Azure.

Going multiregion with workload isolation

You can set up multiregion and multicloud MongoDB deployments in Atlas using any
combination of AWS, Azure, and GCP. You can configure the nodes in your MongoDB
deployment to use different cloud providers, geographic regions, workload priorities,
and replication configurations, enhancing the availability and workload balancing of
your cluster.

Figure 10.4 shows the configuration of a multicloud, multiregion MongoDB deploy-
ment in Atlas. The interface shows the selection of three major cloud providers: GCP,
AWS, and Azure. The cluster is configured to ensure high availability and resilience to
partial region outages, full region outages, and cloud provider outages.

In the Electable Nodes for High Availability section, set up the deployment with
nodes distributed across regions and cloud providers. The regions selected in figure
10.4 are USA (Iowa) for Google Cloud, Ireland for AWS, and Germany (Frankfurt) for
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Figure 10.4 The Atlas Ul’s Cloud Provider & Region section, where you can configure multicloud clusters
(Image © MongoDB 2025)

Azure. Each region is assigned a priority level, with GCP in Iowa having the highest pri-
ority and three nodes, whereas AWS in Ireland and Azure in Frankfurt have two nodes
each.

Spreading electable nodes across large distances can lead to longer election times,
indicating a tradeoff between geographic distribution and election latency. This setup
aims to enhance the overall availability and workload balancing of the cluster by using
different cloud providers, geographic regions, and prioritization settings.

TIP A large number of regions or nodes spread across long distances can
cause long election times or replication lag.

In sharded clusters, Atlas distributes the three config server nodes based on the num-
ber of electable regions. If you have one electable region, all three nodes are deployed
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there. If you have two electable regions, two nodes go to the highest-priority region,
and one goes to the second-highest-priority region. If you have three or more electable
regions, each of the three highest-priority regions receives one node. Sharded clusters
include additional nodes, and electable nodes on the config server replica set (CSRS)
count toward the total node limit. Each sharded cluster also has an additional electable
node per region as part of the CSRS.

Clusters can span regions and cloud service providers, with a node limit of 40 per
project. The number of availability zones or fault domains in a region has no effect on
the number of MongoDB nodes Atlas can deploy. MongoDB Atlas clusters are always
made of replica sets with a minimum of three MongoDB nodes.

TIP  Creating a multiregion cluster is not allowed in a project that already has
clusters with 40 or more nodes in other regions.

Adding electable nodes for high availability

Adding regions with electable nodes increases data availability and reduces the effect
of data center outages. You can select different regions from one cloud provider or opt
for different cloud providers.

Atlas designates the node in the first row of the electable-nodes table as the highest-
priority region and prioritizes these nodes for primary eligibility. Other nodes are
ranked in the order in which they appear. Each electable node can participate in replica
set elections and become the primary as long as most nodes in the replica set remain
available.

Adding read-only nodes for local reads

Deploy read-only nodes to enhance local read performance within their specific ser-
vice areas. Read-only nodes do not contribute to high availability because they don’t
participate in elections and cannot become the primary for their cluster; they are used
mainly to offload read traffic and optimize performance for read-heavy workloads.

Using analytics nodes for workload isolation

Available for M10+ clusters, analytics nodes are specialized read-only nodes designed
to isolate queries that shouldn’t interfere with your operational workload. They are
particularly useful for handling analytic data, such as reporting queries executed by
business-intelligence tools.

Both analytics nodes and read-only nodes have distinct replica set tags (section 10.5),
enabling you to direct queries to specific node types and regions. For more information
on the predefined replica set tags used by Atlas, see section 10.5.

A multiregion cluster can have up to 50 nodes, with no limit on the number of ana-
Iytics nodes within that total. Analytics nodes do not enhance a cluster’s availability
because they do not participate in elections and cannot become the primary node for
their cluster.
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10.5 Using predefined replica set tags for querying

Atlas clusters come with built-in replica set tags for various member types within the
cluster. These tags route queries from specific applications to designated node types,
regions, or availability zones. By using these predefined tags, you can tailor read pref-
erences for a replica set, enhancing the overall performance and reliability of your
cluster. Table 10.5 describes the predefined replica set tags available in Atlas.

Table 10.5 Predefined replica set tags in Atlas

Tag name Description Example
Availability Identifies the AWS avail- AWS—{"availabilityZone": "usel-az3"},
Z bilit ID, GCP full . s
one abiity zone uy GCP—{"availabilityZone": "us-eastl-c"}
qualified name for a zone, or
Azure zone number Azure—{"availabilityZone": "2"}
Node Type Specifies the type of {"nodeType": "ANALYTICS"}

node. Possible values are
ELECTABLE, READ ONLY,
and ANALYTICS.

Provider Indicates the cloud provider {"provider": "Gcp"}
where the node is provi-
sioned. Possible values are
AWS, GCP, and AZURE.

Region Specifies the cloud region of {"region": "US_EAST 2"}

the node
Workload Distributes your workload {"workloadType": "OPERATIONAL"}
Type evenly among nonanalytics

(electable or read-only)
nodes. Possible value is
OPERATIONAL.

Disk State Indicates the state of your {"diskState": "READY"}
disk. Possible value is
READY.

NOTE This feature is unavailable for MO and Flex clusters.

Table 10.6 describes possible nodeType values in your predefined replica set tags.

Table 10.6 Possible nodeType values in MongoDB Atlas

Node type Description

ELECTABLE Read from nodes eligible to be elected primary. ELECTABLE nodes correspond to elect-
able nodes for high availability in the cluster-creation Ul.

READ_ ONLY Read from read-only nodes. READ ONLY nodes correspond to read-only nodes for opti-
mal local reads in the cluster-creation Ul.

ANALYTICS Read from read-only analytics nodes. ANALYTICS nodes correspond to analytics nodes
for workload isolation in the cluster-creation Ul.
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To use predefined replica set tags in your connection string and direct queries to spe-
cific nodes, include the following options in your connection string: readPreference,

readPreferenceTags, and readConcernLevel.

TIP  These connection string options are unavailable for mongosh. Instead, use
cursor.readPref () and Mongo.setReadPref ().

Routing queries to analytics nodes

If your application performs complex or long-running tasks such as extract, transform,
load (ETL) or reporting, you can isolate these queries from your operational workload
by connecting exclusively to analytics nodes. This connection string shows how it works:

mongodb+srv://<USERNAME> : <PASSWORD>@mongodb-in-
action.mongodb.net/test?readPreference=secondary&
readPreferenceTags=nodeType:ANALYTICS&
readConcernLevel=1local

The connection string options are as follows:

readPreference=secondary,
readPreferenceTags=nodeType:ANALYTICS,
readConcernLevel=1local.

The readprreference set to secondary and the readPreferenceTags set to { nodeType:
ANALYTICS } restrict application connections to analytics nodes.

Isolating normal application secondary reads from analytics nodes

If your application needs to isolate regular reads from the workload on analytics nodes,
you may want to separate these reads accordingly. This connection string shows how it
works:

mongodb+srv://<USERNAME> : <PASSWORD>@mongodb-in-
action.mongodb.net/test?readPreference=secondary&
readPreferenceTags=workloadType: OPERATIONAL&
readConcernLevel=1local

The connection string options are as follows:

readPreference=secondary, readPreferenceTags=nodeType:OPERATIONAL,
readConcernLevel=1local.

The readpreference set to secondary and the readPreferenceTags set to { nodeType:
OPERATIONAL } restrict application connections to operational, nonanalytics nodes.

Routing local reads for geographically distributed applications

If your application requires local reads in specific regions for globally distributed data,
use predefined replica set tags. Previously, local reads depended on accurately calculat-
ing the nearest read preference. Now, with predefined replica set tags, you can achieve
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more consistent behavior by using geographic tags combined with the nearest read
preference mode. This connection string shows how it works:

mongodb+srv://<USERNAME> : <PASSWORD>@mongodb-in-action.mongodb.net
/test?readPreference=nearest&readPreferenceTags=provider:GCP,

region:us-eastl&readPreferenceTags=provider:GCP,

region:us-east4&readPreferenceTags=&readConcernLevel=1local

The connection string options appear in the following order:

readPreference=nearest
readPreferenceTags=provider:GCP,region:us-eastl
readPreferenceTags=provider:GCP,region:us-east4
readPreferenceTags=

readConcernlLevel=1local

Atlas evaluates read preference tags in the order in which you list them. When Atlas
matches a node to a tag, it identifies all eligible nodes with that tag and disregards
any subsequent readPreferenceTags. In this example, the application first attempts
to connect to a node in the GCP region us-east1. If nodes in that region are unavail-
able, it tries to connect to a node in the GCP region us-east4. The final, empty
readPreferenceTags= acts as a fallback. This empty option allows the application to
connect to any available node, regardless of the provider or region. These settings
ensure that the application connects to the nearest geographic region, reducing
latency and improving performance.

Understanding the Atlas custom Write Concerns

Atlas offers built-in custom Write Concerns designed for multiregion clusters. Write
Concern refers to the level of acknowledgment MongoDB requires for write operations
to a cluster (chapter 3).

These custom Write Concerns enhance data consistency by guaranteeing that your
operations are propagated to a specific number of regions before they are considered
successful. To use a custom Write Concern, include it in the write-concern document of
your operation. Table 10.7 describes the custom Write Concerns that Atlas provides for
multiregion clusters.

Table 10.7 Atlas custom Write Concerns for multiregion clusters

Write concern Tags Description

twoRegions { region: 2 } Write operations must receive acknowledgment from at
least two regions in your cluster.

threeRegions { region: 3 } Write operations must receive acknowledgment from at
least three regions in your cluster.

twoProviders { provider: 2 } Write operations must be acknowledged by at least two
different regions in your cluster, each hosted by a distinct
cloud provider.
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If your application uses a multiregion cluster across the three regions (us-east-1,

us-east-2, and us-west-1), you want write operations to propagate to all three

regions in your cluster before Atlas accepts them.

The following operation inserts a document into the routes collection and requires

propagation to all three regions due to the { w: "threeRegions" } write-concern
object:

db.routes.insertOne (

{

1
{

airline: { id: 410, name: 'Lufthansa', alias: 'LH',6 iata: 'DLH' },
src_airport: 'MUC',
dst_airport: 'JFK!'

writeConcern: { w: "threeRegions" } }

Summary

Atlas automates deployment, backups, and scaling, simplifying database adminis-
tration and ensuring optimal performance and security. It includes features such
as real-time analytics, comprehensive monitoring, automated performance opti-
mization, Atlas SQL Interface, Atlas Stream Processing, Atlas Data Federation,
and Atlas Online Archive.

Atlas MO (free tier) and Flex clusters are affordable options for beginners and
low-throughput applications, running in a shared environment with limited
Atlas features. Each project can have one MO cluster, which can be upgraded to
Flex and an M10+ cluster at any time.

Dedicated M10 and M20 clusters are ideal for development and low-traffic appli-
cations, supporting replica set deployments with full Atlas features. They operate
on burstable performance infrastructure, handling occasional traffic spikes but
optimized for steady workloads.

Dedicated M30 and higher clusters are ideal for production, supporting replica
set and sharded deployments with full Atlas features. Variants, marked by >, dis-
play key characteristics when selected.

Atlas allows automatic adjustment of cluster tier and storage capacity based on
use, eliminating the need for custom scripts. Autoscaling operates without down-
time and lets you set maximum and minimum ranges to control costs.

Atlas Global Clusters distribute data across multiple geographic regions, opti-
mizing for low latency and high availability. This feature is supported in M30 and
higher tiers.

In Atlas, you can deploy multicloud MongoDB clusters using any combination of
AWS, Azure, and GCP. This setup allows you to configure nodes across providers
and regions, optimizing availability and workload balancing.
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Available for M10+ clusters, analytics nodes are specialized read-only nodes
that isolate queries from your operational workload. They are especially useful
for handling analytic data, such as reporting queries executed by business-
intelligence tools.

Atlas clusters include built-in replica set tags for different member types. These
tags route queries to specific node types, regions, or availability zones, optimizing
read preferences and enhancing cluster performance and reliability.

Atlas includes built-in custom Write Concerns tailored to multiregion clusters.

Write concern specifies the level of acknowledgment MongoDB requires for
write operations in a cluster.



Carrying out full-text
search using Atlas Search

This chapter covers

Enabling full-text search capabilities
Understanding Apache Lucene’s inverted index
Discovering the Atlas Search environment
Creating an Atlas Search Index with the Atlas CLI
Using $search and $searchMeta aggregation
stages

Playing with Atlas Search Playground

Full-text search is invaluable across a variety of fields, including e-commerce plat-
forms, digital libraries, customer support systems, content management systems,
legal document analysis, academic research, human resources platforms, logs
searches, social media platforms, email search tools, and medical record man-
agement. This sophisticated technique surpasses traditional exact-word matching
by analyzing document content to identify matches based on relevance, specific
phrases, and text attributes. Its versatility makes it well suited to a wide range of
needs and formats.
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The method enhances simple keyword searches, allowing you to find relevant doc-
uments quickly, narrowing search results, and providing rapid access to necessary
information. Boolean searches use operators such as AND, OR, and NOT to refine query
precision, effectively filtering results to precise criteria. Fuzzy and wildcard searches
address misspellings and different word forms, increasing search flexibility and accu-
racy by anticipating user input variations.

Also, phrase and proximity searches target exact word sequences and terms close in
text, which is ideal for detailed analysis. These approaches excel at uncovering specific
phrases and contextual relationships. Range and faceted searches identify items within
set parameters and categorize results by attributes, streamlining searches in areas like
online shopping, where users can sort data based on characteristics such as dates or
product features.

These methods boost the precision and efficiency of searches, making full-text
search essential in data-rich environments. Its capabilities are crucial for managing and
retrieving large data sets across various platforms, significantly improving user experi-
ence and operational effectiveness.

Implementing full-text search

MongoDB provides basic support for full-text search through the $text index, but it
may not be sufficient for more complex queries, especially those involving multiple
nested fields. Consequently, to accommodate more sophisticated search requirements,
you often have to replicate data from MongoDB collections to a dedicated search
engine to give applications full-text search capabilities. Various search engines are
available, each designed to cater to different data handling needs and levels of query
complexity, and each offering unique advantages and constraints:

Algolia—Known for its robustness and flexibility, Algolia is a search and discovery
platform that, although effective for many use cases, can become expensive. The
cost escalates with the increase in data volume and the number of API interac-
tions, making it less suitable for very large data sets.

Elasticsearch—Operating as a distributed and RESTful search and analyt-
ics engine, Elasticsearch supports a broad range of use cases. It is built on
Apache Lucene, similar to Atlas Search, and provides comprehensive search
capabilities.

Solr—Also based on Apache Lucene, Solr is a powerful search platform cele-
brated for its reliability and scalability. It excels in managing distributed index-
ing, replication, and load-balanced querying, making it a strong candidate for
complex search environments.

Using separate solutions for database management and full-text search, however, can
present several challenges. I encountered these challenges while working at a com-
pany that replicated certain collections from MongoDB to Elasticsearch by using a tool
called Monstache, a Go daemon that syncs MongoDB to Elasticsearch by using change
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streams to monitor real-time changes and sending updates to Elasticsearch. Here are
some of the problems I faced:

Integration complexity—Integrating a standalone full-text search engine with a
database system is complex and time-consuming, requiring additional setup,
configuration, and ongoing maintenance. Imagine having to copy all the data
for a multiterabyte database into Elasticsearch. It is also important to set up a
monitoring and alerting system that will detect anomalies in replication.

Data synchronization—Ensuring that data remains synchronized between the
database and the search engine is hard. Any changes in the database need to
be reflected in the search engine, often requiring complex mechanisms to keep
both systems in sync. Figure 11.1 illustrates the relevant aspects. Also, you must
have a mechanism in place to enforce the replication of documents that for some
reason were not replicated initially.

Query challenge—Maintaining and querying two separate systems means that the
application must use a different query language for each system.

Operational overhead—Managing two separate systems enhances the sophisti-
cation of the overall architecture. This leads to difficulties in troubleshooting,
monitoring, and scaling both systems independently, adding to the operational
burden on the DevOps teams.

Cost—Running and maintaining separate systems is more expensive. It involves
additional infrastructure costs, more complex licensing arrangements, and
potentially higher operational expenses due to the need for specialized knowl-
edge and tools to manage both systems effectively.

Database driver and Search driver and
query language query language

Figure 11.1 High-level data
— synchronization architecture. The
application uses separate drivers
Application and query languages to interact with
the database and search clusters.

Data is replicated from the database
cluster to the search cluster to keep

the index updated. This setup adds
—_— _ . .
complexity, increases resource
| a— | a— usage, and can lead to consistency
issues. (Image © MongoDB 2024
Database Data sync Search cluster CC BY-NC-SA 3.0)

Overall, although using separate solutions for database management and full-text
search can provide powerful capabilities for applications, it also introduces significant
drawbacks that can affect development speed, system performance, and operational
efficiency.
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Understanding Apache Lucene

Apache Lucene is an open source library developed by the Apache Software Founda-
tion, initially coded entirely in Java but now available in other programming languages
as well. It’s widely used as a base for more complex search platforms such as Solr and
Elasticsearch. Lucene specializes in full-text searching and is capable of indexing var-
ious document types (such as HTML, emails, and PDFs) across platforms, including
web applications, libraries, and personal desktops.

The key to Lucene’s search efficiency is its use of an inverted index, which is akin to a
book’s glossary but maps keywords to their document locations instead of pages to key-
words. This allows for fast, accurate data retrieval. Consider the following documents
from the sample_training.inspections namespace:

Document 1:

{ id: ObjectId('56d61033a378eccde8a8355f"),
id: '10423-2015-CMPL',
certificate number: 9304139,
business _name: 'LISANDRO CABRERA',
date: 'Jul 17 2015°',
result: 'No Violation Issued',
sector: 'Mobile Food Vendor - 881',
address: { city: 'BRONX', zip: 10475,
street: 'PALMER AVE', number: 2234 } }

Document 2:

{ _id: ObjectId('56d61033a378eccdeB8a83560"'),
id: '1044-2016-ENFO',
certificate number: 9318079,
business_name: '"AZMY KIROLES',
date: 'Dec 23 2015"',
result: 'No Violation Issued',
sector: 'Mobile Food Vendor - 881',
address: { city: 'JERSEY CITY', zip: 7306,
street: 'VROOM ST', number: 160 } }

An inverted index for these documents would be represented as shown in table 11.1 in
asimplified form.

Table 11.1 Apache Lucene inverted index

Token Document 1 Document 2
LISANDRO CABRERA
AZMY KIROLES

JERSEY CITY

BRONX ‘ +
PALMER AVE ‘
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Table 11.1 Apache Lucene inverted index (continued)

Token Document 1 Document 2

VROOM ST +

10475 + +

7306

2234 +

160 +

NO VIOLATION ISSUED + +

MOBILE FOOD VENDOR - 881 + +

JUL 17 2015 +

DEC 23 2015 +

Lucene processes documents through tokenization, which involves breaking the text
into smaller searchable units known as lokens (see the “Handling data using analyzers”
section). This is typically done using simple delimiters such as spaces. Also, Lucene
can handle multiword terms by using extra dictionaries, expanding its capability to
index phrases and specific terminology. Normalization is another crucial step during
tokenization; Lucene converts all characters to lowercase to ensure uniform search
results.

Furthermore, each document within Lucene receives a relevance score, ranking the
query results from most to least relevant. The basic scoring mechanism enhances the
scores of documents in which the query term appears frequently while reducing the
scores for terms that are common across the entire collection, distinguishing the rel-
evance of documents more effectively. Lucene allows you to customize scoring to suit
specific search domains, employing techniques such as boosting or decaying scores,
which enables you to tailor search results to meet your needs. Here are a few examples
of search queries:

The search query "No Violation Issued Mobile Food Vendor - 881" is divided
into two tokens: "No Violation Issued" and "Mobile Food Vendor - 881". Then
these tokens are matched with the inverted index, and both Document 1 and
Document 2 are returned because both documents contain these tokens. The
score for each document may vary depending on factors such as token frequency,
token proximity, and other indexing parameters defined in Lucene. Typically,
both documents have similar scores if no other content in the documents influ-
ences the scoring algorithm differently.

The search query "No Violation Issued BRONX" is divided into two tokens:
"No Violation Issued" and "BRONX". Then these tokens are matched with the
inverted index, and only Document 1 is returned because it is the only document
containing both tokens. The score for Document 1 may be higher due to the
complete matching of both tokens.
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The search query "Mobile Food Vendor - 881 PALMER AVE" is divided into two
tokens: "Mobile Food Vendor - 881" and "PALMER AVE". Then these tokens are
matched with the inverted index, and only Document 1 is returned because it is
the only document containing both tokens. The score for Document 1 will likely
be high due to the precise match of both specified tokens.

You can interact with Lucene by submitting search queries that can incorporate logical
operators such as AND, OR, and NOT. Lucene’s QueryParser, a component that inter-
prets these queries and transforms them into executable search commands, facilitates
arange of search capabilities tailored to diverse needs:

term—Searches for a specific word within a document, using Lucene’s inverted
index to quickly locate documents containing the term.

phrase—Looks for an exact sequence of words or a specific phrase, using
Lucene’s ability to track term positions within the index to ensure that the words
not only exist but also appear in the specified sequence.

wildcard—Allows searches with placeholders, such as * for multiple characters
and 2 for a single character, which is particularly useful for matching partial
words. Lucene scans these patterns against the indexed terms to find matches.

fuzzy—Finds words that are spelled similarly to the query term. It typically uses
the Levenshtein distance algorithm to identify terms within a specified edit dis-
tance from the search term. This search type is useful for catching typos.

proximity—Identifies terms that occur near each other within a specified dis-
tance in a document. Lucene calculates the proximity of terms based on their
positions to satisfy this criterion.

range—TVFilters documents containing terms that fall within a specified range.
This search type is useful for searching numbers, dates, and any ordered data.
Lucene handles these queries efficiently through range filtering.

autocomplete—Enhances user interaction by providing real-time suggestions as
the user types their query. This feature is implemented using techniques such as
edge n-gram indexing; Lucene generates edge n-grams from the start of words to
suggest completions or prefix queries that match terms starting with the user’s
input.

Each search type is meticulously designed to enhance the flexibility and precision of
retrieving information, making Lucene an effective tool for full-text searching across
various applications and large data sets.

Getting to know Atlas Search

Atlas Search, built on Apache Lucene, eliminates the need to run a separate search
system alongside your MongoDB database. As shown in figure 11.2, Atlas Search inte-
grates a Lucene search index with the database, ensuring automatic synchronization
of data between the two systems. Management is streamlined through a single API,
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reducing the need for separate systems and lowering operational complexity. Full-text
search is accessible through a single MongoDB Query API, eliminating the need for
different query languages—one for MongoDB and another for the search engine. This
unified system architecture improves data indexing and retrieval speeds while simplify-
ing the maintenance of database and search engine components.

—

Atlas Database Atlas Search Figure 11.2 High-level overview of
Atlas Search. The application uses
MongoDB Atlas with a unified driver and
T query API to access both database and
search functionality. Within the Atlas
environment, data storage and search

Same driver and

Query API
| are integrated, eliminating the need for
separate systems or synchronization.
This unified approach simplifies the
architecture and reduces operational
— overhead. (Image © MongoDB 2024 CC
Application BY-NC-SA 3.0)

11.3.1 Learning Atlas Search architecture

The Atlas Search architecture incorporates components that integrate Apache Lucene
with a MongoDB Atlas database, facilitated by a process commonly known as the
mongot, as illustrated in figure 11.3. The mongot process operates in parallel with the
MongoDB server process (mongod) on each node of the Atlas cluster.

The mongot process is responsible for the following tasks:

Establishing Atlas Search indexes according to the specified rules in the index
definitions for each collection

Tracking MongoDB database change streams to monitor the current status of
documents and updating the Atlas Search indexes for collections in which those
indexes are defined

Handling Atlas Search queries and delivering documents that match the search
criteria

Atlas Search offers a variety of text analyzers, a robust query language that incorporates
Atlas Search aggregation pipeline stages such as $search and $searchMeta alongside
other MongoDB aggregation stages, and score-based results ranking.
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Figure 11.3 The Atlas Search architecture integrates MongoDB with the Lucene Search Index managed by

the mongot process. MongoDB (mongod) serves as the primary database, sending object IDs and metadata to
mongot via change streams for synchronization and monitoring. mongot uses APIs for index configuration and
search operations. The Lucene component handles search indexes and ObjectIDs, enabling efficient query
processing. Index configuration is managed through MongoDB Atlas Automation, interfacing with the Atlas Ul,
API, and CLI. Search queries initiated via mongosh, Compass, or drivers are processed by the Atlas Search cluster.
(Image © MongoDB 2024 CC BY-NC-SA 3.0)

11.3.2 Using Atlas Search Nodes

Atlas Search Nodes are specialized nodes within MongoDB Atlas dedicated to handling
the search functionality by running the mongot process. Figure 11.4 shows the Search
Nodes architecture. Search nodes provide workload isolation, ensuring that search
operations do not interfere with other database operations. In dedicated (M10 or
higher) sharded and unsharded Atlas clusters on any cloud provider, you can deploy
these Search Nodes with each cluster or with each shard in the cluster. Deploying two

Search Nodes for a cluster with three shards means that Atlas will deploy six Search
Nodes, with two dedicated to each shard.

When you deploy separate Search Nodes, Atlas automatically assigns a mongod for
each mongot. The mongot communicates with the mongod to listen for and sync index
changes for the indexes it stores.
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mongod mongod mongod

|— Search queries 4,

|
l l

Figure 11.4 Within the Atlas Search Nodes architecture, multiple MongoDB (mongod) instances
manage data storage and execute search queries, forwarding them to mongot processes. These
processes handle initial synchronization and continuous updates via change streams, ensuring that
search indexes are consistently updated with the latest data changes across all nodes.

(Image © MongoDB 2024 CC BY-NC-SA 3.0)

Initial sync and change streams

NOTE Local solid-state drives (SSDs) for Search Nodes need a 20% storage
overhead to accommodate index operations.

Atlas Search indexes

An Atlas Search index, powered by Apache Lucene, is a data structure that organizes
data in a format optimized for search. It maps terms to the documents containing those
terms, enabling faster document retrieval using specific identifiers. Similar to an index
in the back of a book that links terms to their locations, a search index creates associ-
ations between terms and the documents where those terms appear. Search indexes
also include important metadata, such as the positions of terms within the documents.

To query data in your Atlas cluster with Atlas Search, first configure an Atlas Search
index. You can create a search index on a single field or multiple fields. To improve
query performance, create indexes on fields that are frequently used for sorting or fil-
tering. This allows Atlas Search to retrieve relevant documents more efficiently. You can
use the following methods to index fields:

Dynamic mappings—This method automatically indexes all fields of supported
types in each document. Although this method is convenient, it consumes disk
space and can negatively affect cluster performance.

Static mappings—This method allows you to selectively identify the fields to index.
For fields containing polymorphic data, Atlas Search indexes only documents
that match the index definition, ignoring those with mismatched data types.
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NOTE Static mappings are preferred for better performance and efficient use
of disk space. They are recommended for production use cases.

Listing 11.1 shows Atlas Search index definition syntax. In the config file, you can tell
Atlas to index specific fields while excluding others or dynamically index every field
in a collection. You can also use a specific analyzer (described in the next section) or
multiple analyzers to index particular fields.

Listing 11.1 Atlas Search index syntax

{

"analyzer": "<analyzer-for-index>",
"searchAnalyzer": "<analyzer-for-query>",
"mappings": {

"dynamic": <booleans,

"fields": { <field-definition> }
b
"analyzers": [ <custom-analyzer> 1],
"storedSource": <booleans> | {
<stored-source-definition>
1
"synonyms": [
{
"name": "<synonym-mapping-names>",
"source": {
"collection": "<source-collection-names>"
b

"analyzer": "<synonym-mapping-analyzers>"

Table 11.2 details the various options for configuring an Atlas Search index from the
template showed earlier in listing 11.1.

Table 11.2 Template options for configuring Atlas Search index

Field Type Necessity Description
analyzer String Optional Specifies the analyzer to apply to string
fields when indexing

analyzers Array of cus- Optional Specifies the custom analyzers to use in
tom analyzers this index

mappings Document Required Specifies how to index fields at different
field definition paths for this index

mappings.dynamic Boolean Optional Enables or disables dynamic mapping

of fields. true means all dynamically
indexable fields are indexed; false
means you must specify individual fields
to index. If the mappings . dynamic
option is omitted, it defaults to false.
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Table 11.2 Template options for configuring Atlas Search index (continued)

Field Type Necessity Description
mappings.fields Document Conditional Required only if dynamic mapping is
disabled; specifies the fields you want
to index
searchAnalyzer String Optional Specifies the analyzer to apply to query
text before searching. It defaults to the
analyzer setting if omitted or to the stan-
dard analyzer if both are omitted.
storedSource Boolean or Optional Specifies fields to store for query-time
stored source lookups. It can be true to store all fields,
definition false to store none, or an object to
specify fields to include or exclude. If the
storedSource option is omitted, it
defaultsto false.
synonyms Array of syn- Optional Specifies synonym mappings to use in
onym mapping your index. Only one synonym mapping
definition can be defined per index.

Although Atlas Search doesn’t create an exact copy of the data from your MongoDB
cluster collections, it builds search indexes directly on your data, which requires some
disk space and memory. These indexes enable fast, efficient searching without dupli-
cating your entire data set.

When you perform a search query, the search index quickly identifies relevant
document IDs. Then the actual documents are fetched directly from your original
MongoDB collection based on the information from the search index. This ensures
that you’re always working with the most up-to-date data and that the search process
remains optimized for performance.

HANDLING DATA USING ANALYZERS

To get your data ready for indexing, you must process it through tokenization. Tokeni-
zation involves dividing a stream of text into smaller elements known as tokens, such as
words, phrases, and symbols. This task is performed by components called analyzers,
which are integral to the search engine’s functionality. These analyzers not only gen-
erate tokens from the text but also apply parsing and language rules to ensure that the
text is searchable. Furthermore, when creating an index or executing a query, you can
specify which analyzer to use, giving you control of how text is converted from a string
field to searchable terms. These tokens are stored in the index for future search que-
ries. Table 11.3 summarizes the built-in analyzers provided by Atlas Search.

Table 11.3 Atlas Search built-in analyzers

Analyzer Description

Standard ‘ Uses the default analyzer for all Atlas Search indexes and queries

Simple ‘ Divides text into searchable terms wherever it finds a nonletter character
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Table 11.3 Atlas Search built-in analyzers (continued)

Analyzer Description

Whitespace ‘ Divides text into searchable terms wherever it finds a whitespace character
Language ‘ Provides a set of language-specific text analyzers
Keyword ‘ Indexes text fields as single terms

Analyzers are made up of a tokenizer, which segments the text into tokens, and the
filters that you set. Atlas Search applies filters to the tokens to form terms that can be
indexed, helping you adjust for variations in things like punctuation, capitalization,
and unnecessary words.

NOTE If you don’t specify an analyzer, MongoDB Atlas uses the default stan-
dard analyzer.

TIP  In Atlas, you have the option to create a custom analyzer using the built-in
character filters, tokenizers, and token filters. Check the MongoDB official
documentation at https://mng.bz/Z9pZ.

REINDEXING IN ATLAS SEARCH

If you want to modify the mapping of an existing index, reindexing is required. In this
process, Atlas Search initiates the construction of a new index based on the updated
mapping. It reads all the data relevant to the index and reorganizes it according to the
new mapping specifications. This reindexing occurs in the background, allowing the
old index to continue handling existing and new queries without downtime. When the
rebuild is complete, the system seamlessly transitions to the new index, and the old one
is removed.

TIP Updating the Atlas Search index requires time and resources. Ensure that
you have free disk space equal to 125% of your current index’s size for a suc-
cessful update.

If you have deployed separate Search Nodes, Atlas Search rebuilds indexes during the
following events:

Adding search nodes.
Scaling search nodes.

Internal mongot changes that require an index resync (such as updates needed
for some Atlas Search features). See the official MongoDB documentation to
check details at https://mng.bz/649D.

During an index rebuild, Atlas automatically deploys additional Search Nodes to
ensure that the old index remains up to date and available for queries while the new
index is being built.
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When changes are made to the collection with defined Atlas Search indexes, the
latest data may not be available for queries immediately. But mongot monitors change
streams, allowing it to update stored data copies and ensure that Atlas Search indexes
are eventually consistent.

NOTE Atlas Search automatically rebuilds the index only when the index
definition changes, an Atlas Search update includes breaking changes, or
hardware-related problems such as index corruption occur.

TIP When you use the $out aggregation stage to alter a collection that
includes an Atlas Search index, you must delete and then re-create the search
index. If feasible, you should use $merge instead of $out.

Building an Atlas Search index

To understand how Atlas Search indexes work, create one by using the MongoDB M0
cluster (dedicated search nodes are not supported in this cluster tier), which is named
“MongoDB-in-Action" and which you built in part 1 of this book. The sample data is
already in the cluster.

WARNING Creating an Atlas Search index is resource-intensive. The perfor-
mance of your Atlas cluster may be affected while the index builds.

It’s important to be aware of the specific limitations that apply to Atlas search on M0
(three indexes). Conversely, if you’re operating on M10 or higher clusters, there are
no restrictions on the number of indexes you can create. When the maximum number
of indexes for your cluster tier is reached, you can upgrade your cluster tier to create
more indexes.

NOTE When you enable Atlas Search on your Atlas cluster, no extra fees or
charges apply. But you may notice increased resource use on the cluster, which
can vary based on factors such the size of the collections being indexed and the
complexity of the index definitions.

To refresh your knowledge of the "MongoDB-in-Action" cluster, use this Atlas
command-line interface (CLI) command:

atlas cluster list

The command displays the cluster created in chapter 2:

ID NAME MDB VER STATE
6658a85ba9%e6a9047d15cf98 MongoDB-in-Action 8.0.4 IDLE

Using the command atlas clusters search indexes create, build a new Atlas Search
index using the sample_training database and the inspections collection as an
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index source. As a prerequisite, you need to define static mapping in the file, setting a
predefined schema for the data. This method enhances search performance, prevents
schema conflicts, and ensures consistent handling of the indexed data. Following is an
example mapping file.

Listing 11.2 Atlas Search index config

"name": "MongoDB-in-Action",
"database": "sample training",
"collectionName": "inspections",
"mappings": {
"dynamic": false,
"fields": {
"business name": {
"type": "string",
"analyzer": "lucene.standard"
¥
"date": {

n type n. ndate"

b

"result": {
"type": "string",
"analyzer": "lucene.standard"
I
"sector": {
"type": "string",
"analyzer": "lucene.standard"
b
"address": {
"type": "document",
"fields": {
neityn: |
"type": "string",
"analyzer": "lucene.standard"
I
nzip": {
"type": "string",
"analyzer": "lucene.standard"
b
"street": {
"type": "string",
"analyzer": "lucene.standard"
I
"number": {
"type": "string",
"analyzer": "lucene.standard"
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In the mapping file, the Atlas cluster is defined and named "MongoDB-in-Action".
This cluster hosts the MongoDB database sample_training and the inspections col-
lection for constructing the search index. The index uses a static mapping ("dynamic"
is set to false) to enhance search functionalities, meaning that only predefined
fields—business name, date, result, sector, and address—are indexed. Within the
address field, subfields such as city, zip, street, and number are also indexed. Each
field employs the Lucene standard analyzer.

The standard analyzer is the default for all Atlas Search indexes and queries. It
splits text into terms using word boundaries, making it suitable for various languages.
It converts all terms to lowercase and eliminates punctuation. This analyzer supports
grammar-based tokenization, recognizing elements such as email addresses; acronyms;
Chinese, Japanese, and Korean characters; and alphanumerics.

Next, insert the contents of this configuration into the index-definition. json file,
and execute the following command.

Listing 11.3 Creating an Atlas Search Index

atlas clusters search indexes create \
--clusterName MongoDB-in-Action \
--file index-definition.json --output json

After executing this command, you see a summary of your index, which is currently
being created. In my example, it looks like this:

"collectionName": "inspections",
"database": "sample training",
"indexID": "6689a58d744a7d5ef40a37b5",
"name": "MongoDB-in-Action",
"status": "IN _PROGRESS",
"type": "search",
"mappings": {
"dynamic": false,
"fields": {
"address": {
"fields": {
neityn: {
"analyzer": "lucene.standard",
"type": "string"
¥
"number": {
"analyzer": "lucene.standard",
"type": "string"
¥
"street": {
"analyzer": "lucene.standard",
"type": "string"
i;ip": {
"analyzer": "lucene.standard",



Building an Atlas Search index 277

"type": "string"
}
b

"type": "document"

"business name": {
"analyzer": "lucene.standard",
"type": "string"

¥

"date": {
llty-pe " . lldate "

¥

"result": {
"analyzer": "lucene.standard",
"type": "string"

"sector": {
"analyzer": "lucene.standard",
"type": "string"

"synonyms": []

}

The command atlas clusters search indexes create triggers creation of the search
index and initiates initial synchronization of data from the inspections collection.
The process of indexing involves replicating the data in a Lucene-based index. Index-
ing in this context means transforming the data into a format optimized for efficient
search by Lucene, facilitating faster, more effective query execution.

After a few minutes, the initial synchronization process is complete, and the search
index is ready to use. You can verify this by using the following command:

atlas clusters search indexes list \
--clusterName MongoDB-in-Action \
--collection inspections \

--db sample_ training

You can also view your Atlas Search index in the Atlas Ul To do this, navigate to the
Atlas Search section in the middle of the top menu below the Data Services tab within
your MongoDB-in-Action cluster. Figure 11.5 shows the Atlas UI displaying the details
of the current Atlas Search index configuration.

The namespace sample_training.inspections hasone active search index, named
MongoDB-in-Action. The interface displays the status of the index (active), the indexed
fields, the size of the index, and the number of documents indexed. It also provides
options to query the index and view detailed status information.

TIP You can create an Atlas Search index on MI10 and higher clusters
using MongoDB Compass or mongosh. In mongosh, use the db.collection
.createSearchIndex () helper method.
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Figure 11.5 Atlas Search index. On the left side of the screen is a collapsible navigation menu. To access Search
Index view, click the Search & Vector Search option in the Data section. When you do, the main panel displays
details on the search indexes. In this example, the sample training database and its inspections collection
are shown, with an active search index named MongoDB-In-Action. The index is marked as Ready and is fully
queryable, indicated by the green check. (Image © MongoDB 2025)

NOTE

11.5 Running Atlas Search queries

An index definition JSON object cannot exceed 3 KB.

Atlas Search queries are structured as aggregation pipeline stages. They include the
$search and $searchMeta stages, which must be positioned as the initial stage in the
query pipeline. These stages can be combined with additional stages of the aggregation
pipeline within your query pipeline. Atlas Search offers query operators that you can use
within the $search aggregation pipeline stages, described in table 11.4. The operators
enable you to find and retrieve relevant data from your collection in the Atlas cluster.

Table 11.4 The aggregation pipeline $search stage supported operators

Operator

autocomplete

compound

embeddedDocument

equals

exists

geoShape

geoWithin

in

Description

Performs a search-as-you-type query
from an incomplete input string

Combines other operators into a sin-
gle query
Queries fields in embedded docu-

ments, which are documents that are
elements of an array

Checks whether the field contains the
specified value

Tests for the presence of a specified
field, regardless of field type

Queries for values with specified geo-
graphical shapes

Queries for points within specified
geographical shapes

Queries single values and arrays of
values

Supported Atlas search types
autocomplete

Field types supported by the operators
used inside the compound operator

Embedded documents and field types
supported by the operators used inside
the embeddedDocument

operator

boolean, date, objectld, number,
token, uuid

Field type isn’t used by the exists
operator

geo

geo

boolean, date, objectld, number,
token, uuid



11.5.1

Running Atlas Search queries 279

Table 11.4 The aggregation pipeline $search stage supported operators (continued)

Operator Description Supported Atlas search types
moreLikeThis Queries for similar document string
near Queries for values near a specified date, geo point, number
number, date, or geographical point
phrase Searches documents for terms in an string
order similar to the query
queryString Supports querying a combination of string
indexed fields and values
range Queries for values within a specific date, number
numeric or date range
regex Interprets the query field as a regular string
expression
text Performs textual analyzed search string
wildcard Supports special characters in the string
query string that can match any
character

Search operators allow you to conduct queries for terms, phrases, geographical shapes
and points, numeric values, and similar documents, among others. Also, you can per-
form searches using regex and wildcard expressions.

Atlas Search also provides query collectors you can use inside the $search and
$searchMeta aggregation pipeline stages. Collectors return a document representing
the metadata results, typically an aggregation over the matching search results. The
facet operator groups query results by values or ranges in specified, faceted fields and
returns the count for each of those groups. It supports dateFacet, numberFacet, and
stringFacet field types.

Using the Ssearch aggregation pipeline stage

The $search stage conducts full-text searches by querying the Atlas Search index,
which uses Lucene technology. The field or fields involved in the query must be
included in this index. The process of indexing preprocesses and organizes your data
into a Lucene index to optimize and accelerate search queries, ensuring precise, effi-
cient search results across the indexed fields. The following listing shows the $search
pipeline stage structure.

Listing 11.4 The $search prototype form

{

$search: {
"index": "<index-name>",
"<operator-names>" | "<collector-name>": {
<operator-specifications|<collector-specifications>

}

"highlight": {
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<highlight-options>

"concurrent": true \ false,
"count": {

b

<count-optionsx>

“searchAfter“\“searchEefore“: "<encoded-token>",
"scoreDetails": true\ false,
"sort": {
<fields-to-sort>: 1 | -1
"returnStoredSource": true \ false,

"tracking": {

}
}

<tracking-options>

Let’s look at the options:

index—Specifies the name of the Atlas Search index to be used for the query. If
omitted, the system defaults to an index named default.

operator/collector—Essential for defining the search behavior. This can be
a search operator that specifies how data should be queried or a collector that
aggregates and processes data. Each comes with its own set of specifications.
highlight—Provides options for highlighting search terms within the results,
enhancing the visibility of query matches.

concurrent—A Boolean setting that, when enabled, allows the search process to
be parallelized across multiple segments on dedicated search nodes, improving
performance.

count—Offers a way to include a count of the results within the search output;
useful for understanding the scope of the data returned.
SearchAfter/SearchBefore—VFacilitate pagination by specifying a reference
point (encoded token) from which to continue returning results after or before
the token.

ScoreDetails—When set to true, returns a detailed breakdown of how each
result was scored during the search; can be useful for debugging and refining
search parameters.

sort—Allows specifying which fields should be sorted and in what order (ascend-
ing or descending), helping you organize the output according to specific criteria.
ReturnStoredSource—Determines whether to fetch the full document from the
backend database or only the fields that are stored directly in the Atlas Search
index.

tracking—Enables tracking of search operations, which helps in collecting ana-
lytics and insights into how searches are being performed.
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To test the aggregation pipeline $search stage, log in to your Atlas cluster, using
mongosh and the connection string. As a reminder, you can obtain the connection
string by running the command atlas clusters connectionStrings describe

atlas clusters connectionStrings describe "MongoDB-in-Action"

This command returned my connection string, which looks like this:

STANDARD CONNECTION STRING
mongodb+srv://mongodb-in-action.a7niyd4 .mongodb.net

Now connect to the MongoDB cluster using mongosh by executing the following
command:

mongosh "mongodb+srv://mongodb-in-action.a7niyd4.mongodb.net/" \
--apiVersion 1 --username manning

Next, use the use command to select the sample training database:

use sample_ training

You are redirected to the target database:

switched to db sample training

Now you can start using Atlas Search with the $search stage.

ATLAS TEXT OPERATOR
The Atlas text operator conducts a full-text search using the analyzer designated in
the index settings. For reference, we are using lucene. standard.

Perform the first aggregation pipeline using the $search stage and text operator,
together with the compound and score operators. The compound operator combines
other operators into a single query. The score represents the relevance of each docu-
ment based on the search criteria. Here is the query:

db.inspections.aggregate ([
{
$search:
index: "MongoDB-in-Action", // Specifying the search index
compound: {
// The must array specifies conditions that must be met
must: [
{
text: {
query: "food", // Searching for the word "food"
path: "business name" // in the business name field
}
b
{
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text: {
query: "PASS", // Searching for the word "PASS"
path: "result" // in the result field

1
}
{
text: {
query: "127", // Searching for the number "127"
path: "sector" // in the sector field
}
}
1
}
1
}
{
$set: |
score: {
Smeta: "searchScore" // Adding the search score,
// indicating the relevance of each
// document based on the search criteria
1
1
1

1)

This Atlas Search full-text search aggregation pipeline returns the following result:

{
_id: ObjectId('56d61034a378eccde8a910f4"'),
id: '20958-2015-ENFO',
certificate number: 9284194,
business name: 'MARTES FOOD CENTER CORP',
date: 'Apr 16 2015',
result: 'Pass',
sector: 'Cigarette Retail Dealer - 127',
address: { city: 'BRONX', zip: 10452,
street: 'WALTON AVE', number: 1055 },
score: 2.944375991821289

1

The query performs a full-text search. It applies a compound condition that combines
multiple criteria and requires all three must clauses to be met:

The business_name must contain "food" (using the text search operator with
"food" as the query and business_name as the path).
The result field must contain "pASS".

The sector field must contain "127". The score is calculated by the $meta:
"searchScore" operator. This score is a numerical value that indicates how well
each document matches the search criteria.



In systems like Apache Lucene, scores are calculated dynamically to reflect how well
documents match a search query, with no fixed upper limit. A higher score indicates
a stronger alignment with the search criteria. The score of 2.944375991821289 for
'"MARTES FOOD CENTER CORP' suggests a moderate relevance to the specified search terms.
Such scores are crucial for ranking documents in search results, as they help order the
documents by relevance. A higher score signifies a document that is more closely related

Running Atlas Search queries

to your query, thereby guiding you more efficiently to the most relevant information.

NOTE We are discussing full-text search in Atlas using the $text operator, not
the $text operator available in the self-hosted MongoDB. Despite having the
same name, the two operators have significant differences.

Fuzzy PROPERTY

Perform another query using the text operator with the fuzzy property. The fuzzy
property allows searches that can match similar terms, accounting for possible typo-

graphical errors or variations in spelling:

db.inspections.aggregate ([

{

$search:

index: "MongoDB-in-Action",
text: {
query: "BUILNG TO SERV INC", // Intentionally introduced
// errors: "BUILDING" missing an "I",
// "SERVE" missing an "E"
path: "business_name",
fuzzy: {
maxEdits: 2, // Allows for up to two typographical errors
prefixLength: 1 // The first letter must be exactly the same

$limit: 2 // Limits the number of results to 2 for easier verification

$set: |

// Dynamically copies the fields to be retained in the output
business name: "S$business name",

date: "$date",

result: "Sresult",

sector: "$sector",

address: "$Saddress",

score: { $meta: "searchScore" } // Adds the search score

S$unset: [" id"] // Removes the ' id' field from the output documents
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This aggregation pipeline returns the following result:

This aggregation pipeline uses the text operator with a query for "BUILNG TO SERV
INC", incorporating intentional misspellings to demonstrate the fuzzy property
capability. The fuzzy property is configured to allow up to two typographical errors
(maxEdits: 2) and requires the first letter to match exactly (prefixLength: 1). The
search results are limited to two documents for simplicity, using the $1imit operator.
The fuzzy property is ideal for searches in which data may have typographical errors,
enhancing the robustness of search functions and accommodating slight spelling mis-
takes in queries. This feature allows users to search effectively within applications or
databases directly from the search interface, even if their inputis not perfectly accurate.

id: '1044-2015-CMPL',
certificate number: 5382334,
business name: 'BUILDING TO SERVE INC.',
date: 'Jul 22 2015',
result: 'Violation Issued',
sector: 'Home Improvement Contractor - 100',
address: {
city: 'JAMAICA',
zip: 11432,
street: 'HILLSIDE AVE',
number: 17939
1

score: 7.316098690032959

id: '4290-2016-ENFO',
certificate number: 9324927,
business name: 'SEND TO PRINT LLC',
date: 'Jan 12 2016',
result: 'Out of Business',
sector: 'Misc Non-Food Retail - 817',
address: {

city: 'JACKSON HEIGHTS',

zip: 11372,

street: '37TH AVE',

number: 8821
1

score: 3.824653387069702

PROXIMITY SEARCH

Next, perform a query using the phrase operator to execute a proximity search:

db.inspections.aggregate ([

{

$search:
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index: "MongoDB-in-Action",
phrase: {
query: ["food", "license"], // Words to search for
path: "business name", // Field to search in
slop: 3 // Allows up to 3 intervening words
// between "food" and "license"

$limit: 1 // Limits the number of results to 1

$set: {
// Adds necessary fields to the output documents
business _name: "$business_ name",

result: "Sresult",
sector: "S$Ssector"

S$unset: ["_id", "address", "date"] // Removes the ' id',
// 'address', and 'date' fields from
// the output documents

}
1)

This aggregation pipeline returns the following result:

id: '9118-2015-CMPL',

certificate number: 9305560,

business_name: '"FOOD CART VENDOR LICENSE# C4029',
result: 'Unable to Locate',

sector: 'Mobile Food Vendor - 881'

Proximity search is useful when the exact order of words is not known but their relative
positioning is important. The slop property in such queries specifies how many words
can appear between the searched terms, allowing flexibility in how closely the terms
need to be positioned. In a legal document search, for example, it helps to find legal
clauses or terms that are near each other within a specified distance. In customer-
review analysis, it identifies phrases in which certain keywords are close together,
aiding in sentiment analysis. It enhances search capabilities in content management
systems by finding relevant documents or articles based on the proximity of keywords.
In academic research, it locates references or quotes in which specific terms are used
near each other, which is useful for literature reviews and research papers. Finally, it
improves user search experience on websites by accommodating queries that may not
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have the exact keyword order, allowing a more natural input of search terms while
delivering relevant results.

WILDCARD SEARCH

Special characters can stand in for unknown characters in a text value and are handy
for locating multiple items with similar but not identical data using the wildcard
operator:

db.inspections.aggregate ([
{
$search:
index: "MongoDB-in-Action",
wildcard: {
path: "business name",
query: "*L?CE*", // Searches for phrases containing
// "L?CE", where "?" represents any single
// character and "*" represents zero
// or more characters
allowAnalyzedField: true // Allows searching on an analyzed field
1

}
}
{
$set: |
score: { S$meta: "searchScore" } // Adds the search
// score to each document
1

¥
{
$sort: {
score: -1 // Sorts by search score in descending order
1
¥
{

}
{

$limit: 2 // Limits the number of results to 2

$unset: ["_id", "address", "date"] // Removes the ' id',
// 'address', and 'date' fields
// from the output documents

}
1

This Atlas Search aggregation pipeline returns the following result:

id: '10172-2015-CMPL',

certificate number: 9304489,

business name: 'UNNAMED HOT DOG VENDOR LICENSE NUMBER TA01158',
result: 'No Violation Issued',

sector: 'Mobile Food Vendor - 881',

score: 1
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id: '10268-2015-CMPL',

certificate_number: 9304816,

business_name: 'UNNAMED HOT DOG VENDOR NO LICENSE NUMBER PROVIDED',
result: 'No Violation Issued',

sector: 'Mobile Food Vendor - 881',

score: 1

The query searches for businesses with names matching a specific pattern using the
wildcard operator. It looks for names containing any variant of "L?CE", where "2" can
be any single character and "+" any sequence of characters. After identifying matches,
the pipeline uses the $set stage to append a search relevance score to each document.
Then this score is used in the $sort stage to order the documents by relevance in
descending order. The pipeline limits the results to the top two entries by using the
$limit stage. Finally, certain fields such as _id, address, and date are removed from
the output with the $unset stage, streamlining the data for presentation or further
processing.

Use this type of query when you need to find records with field values that match a
specific pattern, which is useful for filtering data with partial or uncertain information.

THE FACET OPERATOR

The facet operator in Atlas Search creates faceted search results. Faceled search allows
you to categorize search results in multiple groups (facets) based on specified fields,
such as price ranges, categories, and tags. This enables you to filter and refine search
results by selecting specific facets, improving the search experience by making it easier
to navigate large sets of results. The facet operator aggregates data based on the speci-
fied fields and provides counts of documents in each category, allowing quick, efficient
filtering.

The following query employs faceted search in a practical context. It initiates with
a fuzzy text search for businesses with "HOT DOG" in their names, allowing for minor
spelling discrepancies. Following the search, the data is processed through three facets.
ResultsByStatus groups inspection outcomes, ResultsByYear organizes the data by
the year of inspection, and SectorSummary categorizes businesses by their sector, pro-
viding a count for each:

db.inspections.aggregate ([
{
$search: {
index: "MongoDB-in-Action",
text: {
query: "HOT DOG",
path: "business name",
fuzzy: {
maxEdits: 1, // Allows for one typo
prefixLength: 3 // The first 3 letters must be exactly the same
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1
o
{
$facet: {
"ResultsByStatus": [
{ $group: { _id: "$result", count: { $sum: 1 } } }
1.,
"ResultsByYear": [
{
$group: {
_id: { $year: { SdateFromString: { dateString: "$date" } } },
count: { $sum: 1 }
1
}
1,
"SectorSummary": [
{ $sortByCount: "$sector" }

1
}
{ $limit: 1 } // This is only for illustration;
// typically, limit wouldn't be
// used after a facet.

1)

Here’s example output of the query:

ResultsByStatus: [
{ id: 'No Violation Issued', count: 30 }

id: 'No Evidence of Activity', count: 5 },
_ Y
{ _id: 'Unable to Locate', count: 3 },
{ _id: 'Out of Business', count: 5 },
{ _id: 'Posting Order Served',6 count: 1 },
{ _id: 'violation Issued',6 count: 19 },
{ id: 'pass', count: 19 }
1,
ResultsByYear: [ { _id: 2015, count: 74 }, { _id: 2016, count: 8 } 1,
SectorSummary: [
{ _id: 'cigarette Retail Dealer - 127', count: 32 },
{ _id: 'Grocery-Retail - 808', count: 20 },
{ _id: 'Misc Non-Food Retail - 817', count: 12 },
{ _id: 'Mobile Food Vendor - 881', count: 6 },
{ _id: 'Wearing Apparel - 450', count: 5 },
{ _id: 'Salons And Barbershop - 841', count: 3 },
{ _id: 'Tow Truck Company - 124', count: 2 },
{ _id: 'Restaurant - 818', count: 1 },
{ _id: 'Tax Preparers - 891', count: 1 }
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This output exemplifies how faceted search can reveal insights into data distribution
across various categories, helping businesses and analysts make informed decisions
based on specific aspects of the data.

Let’s look at another example. In the next Atlas Search query, the facet operator
analyzes the results after searching for business names containing "BUILDING". The
query organizes the data in different groups to make it easier to understand. First, it
counts how many businesses match the search. Then it groups the results by the out-
come of their inspections (such as whether they passed or had violations) and by the zip
codes of their addresses:

db.inspections.aggregate ([
{
// Searches documents using the specified
// index and text search on
// the business name field
$search: {
index: "MongoDB-in-Action", // Uses the "MongoDB-in-Action"
// index for search
text: {
query: "BUILDING", // The search query,
// looking for "BUILDING" in the business names
path: "business name" // Specifies that the search
// should focus on the 'business_name' field

1
¥
{
// Facets the results into multiple categories for detailed analysis
$facet: {
"TotalResults": [
{ $count: "totalCount" } // Counts the total
// number of matching documents
1,
"ResultsByStatus": [
// Groups documents by the 'result' field and counts the occurrences
{ $group: { _id: "$result", count: { $sum: 1 } } },
// Sorts the grouped results by count in descending order
{ $sort: { count: -1 } }
1,
"ResultsByZip": [
// Groups documents by the zip code field
// in the address and counts the occurrences
{ Sgroup: { _id: "$address.zip", count: { $sum: 1 } } },
// Sorts the results by count in descending order
{ $sort: { count: -1 } }

}
}
1

This aggregation pipeline with facet returned the following result:
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{

TotalResults: [ { totalCount: 29 } 1,

ResultsByStatus: [
{ _id: 'No Violation Issued', count: 14 },
{ _id: 'Violation Issued',6 count: 5 },
{ _id: 'Out of Business', count: 5 },
{ _id: 'pass', count: 5 }

1,

ResultsByZip: [
{ _id: 11214, count: 3 },
{ _id: 11101, count: 2 },
{ _id: 11216, count: 2 },
{ _id: 11220, count: 2 },
{ _id: 11232, count: 1 },
{ _id: 10469, count: 1 },
{ id: 11436, count: 1 },
{ _id: 10457, count: 1 },
{ _id: 11205, count: 1 },
{ _id: 10312, count: 1 },
{ _id: 11236, count: 1 },
{ _id: 11411, count: 1 },
{ _id: 11357, count: 1 },
{ _id: 10459, count: 1 },
{ id: 11418, count: 1 },
{ _id: 10002, count: 1 },
{ _id: 11235, count: 1 },
{ _id: 11249, count: 1 },
{ _id: 11432, count: 1 },
{ _id: 11361, count: 1 },
{ _id: 10455, count: 1 },
{ _id: 11416, count: 1 },
{ id: 11417, count: 1 },
{ id: 11354, count: 1 }

1

1

The result reveals that 29 businesses were involved in this query. When the result was
broken down by inspection results, 14 businesses had no violations, 5 had violations
issued, 5 were out of business, and the remaining 5 passed their inspections. Also, the
data is organized by zip code to show geographical trends, with the highest occur-
rences in the 11214 area. This structured output is essential for understanding the
distribution and common problems of building-related businesses, aiding in targeted
regulatory and business planning strategies.

THE FACET OPERATOR WITH $SSEARCH META

You can employ the SEARCH_META variable to access the metadata results of your
$search query. The SEARCH_META aggregation variable is applicable in any pipeline fol-
lowing a $search stage.
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In the following aggregation pipeline, a fuzzy search is conducted on the business_
name field using the query "smok skop", intended to capture variations like "smoke
shop". This approach allows one typographical error and requires the first three letters
to be exactly the same, enhancing the search’s tolerance for input discrepancies. Next,
the pipeline employs a facet stage to organize the results, which includes limiting the
display to the first five relevant documents while maintaining essential information
such as business name, date, result, and sector. Simultaneously, it categorizes results
in automatically generated buckets based on the result field and gathers metadata
such as total document counts through the $$SEARCH_META variable, providing valuable
insights into the search’s effectiveness and reach:

db.inspections.aggregate ([
{
$search:
index: "MongoDB-in-Action",
text: {
query: "smok skop", // Intentionally misspelled,
// likely meant to be "smoke shop"
path: "business name",
fuzzy: {
maxEdits: 1, // Allows for one typo in the search query
prefixLength: 3 // The first 3 letters must match exactly

}

1
b
{
$facet: {
docs: [
{ $limit: 5 }, // Limits the number of documents to 5
{
$set: |
// Dynamically retains the necessary fields
// in the output documents
business name: "S$business name",
date: "$date",
result: "Sresult",
sector: "S$sector",
address: "Saddress"

1
I
{ $unset: [" id"] } // Removes the ' id' field
// from the output documents
1,
resultFacets: [

{

$bucketAuto: {
groupBy: "$result", // Groups documents by the 'result' field
buckets: 5 // Automatically determines range
// and creates 5 buckets based
// on result distribution
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}
1,
meta: [
{ $replacewWith: "$$SEARCH META" }, // Replaces the
// document with search metadata
{ $limit: 1 } // Limits the metadata results to 1

}
1

This aggregation pipeline with the $$SEARCH_META variable returned the following
result:

docs: [
{
id: '70695-2015-ENFO',
certificate number: 50065977,
business name: 'SMOKE SHOP',
date: 'Dec 31 2015',
result: 'No Evidence of Activity',
sector: 'Cigarette Retail Dealer - 127',
address: {
city: 'NEW YORK',
zip: 10075,
street: 'YORK AVE',
number: 1485

id: '13076-2015-ENFO',
certificate number: 50057527,
business name: 'SMOKE SHOPE',
date: 'Mar 28 2015',
result: 'No Evidence of Activity',
sector: 'Cigarette Retail Dealer - 127',
address: {

city: 'OZONE PARK',

zip: 11416,

street: '101ST AVE',

number: 10506

id: '30922-2015-ENFO',
certificate number: 9259353,
business_name: 'SMOKE SCENE, INC.',
date: 'May 18 2015',
result: 'No Violation Issued',
sector: 'Cigarette Retail Dealer - 127',
address: {

city: 'NEW YORK',
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zip: 10022,
street: '1ST AVE',
number: 901

id: '43869-2015-ENFO',
certificate_number: 50061178,
business name: 'DELI SMOKE SHOP',
date: 'Aug 12 2015',
result: 'Out of Business',
sector: 'Cigarette Retail Dealer - 127',
address: {
city: 'BROOKLYN',
zip: 11207,
street: 'FULTON ST',
number: 2859
1
1
{

id: '35088-2015-ENFO',
certificate number: 50060202,
business name: 'SMOKE SCENE, INC.',
date: 'Jun 19 2015°',
result: 'No Violation Issued',
sector: 'Cigarette Retail Dealer - 127',
address: {
city: 'NEW YORK',
zip: 10022,
street: '1ST AVE',
number: 901
1
}
1,
resultFacets: [
{ id: { min: 'Closed', max: 'Out of Business' }, count: 145 },
{
~id: { min: 'Out of Business', max: 'Violation Issued' },
count: 118
1
1,
meta: [ { count: { lowerBound: Long('263') } } ]

When you run a query using the $search stage in Atlas Search, the system stores meta-
data results in the $$SEARCH_META variable while returning the actual search results to
you. You can use the $$SEARCH_META variable in any supported aggregation pipeline
stage to view and analyze the metadata associated with your $search query.

The $$SEARCH_META variable is useful when you need to analyze additional infor-
mation about the search operation itself, such as search scores and other diagnostics
that help you understand the relevance and performance of your search results. It
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can be useful for optimizing your search queries based on performance metrics or
for debugging to ensure that the search results align accurately with the expected
criteria.

Executing the SsearchMeta aggregation pipeline stage

The $searchMeta aggregation pipeline stage accesses metadata about the search oper-
ation itself. This stage allows you to retrieve and use search-related metadata such as
total number of hits or pagination data, which can be critical for understanding the
context and scale of the search results. You can use this information for logging, debug-
ging, or enhancing user interfaces with details on the number of results returned and
the relevance of the search performed. The following listing shows the $searchMeta
pipeline stage structure.

Listing 11.5 The $searchMeta prototype form

{
$searchMeta:
"index": "<index-name>",
"<collector-name>"|"<operator-name>": {
<collector-specifications|<operator-specifications>

"count": {
<count-optionss>

}
}
}

Let’s look at the available options:

<collector-name> (conditional)—Selects a collector for the query, such as "facet "
for grouping results. You must specity either this option or <operator-name>

count (optional)—Provides options for counting the number of search results
and is useful for understanding the scale of results without retrieving all data.

index—Specifies the name of the Atlas Search index to be used for the query. If
this option is omitted, the system defaults to an index named "default".

<operator-name> (conditional)—Determines the search operator to use. If
<collector-names is not used, this option must be specified and will return only
default count metadata.

The following query employs the $searchMeta stage to search for businesses named
"Deli". It focuses on "business_name". $searchMeta returns only metadata about the
search results, such as the count of matching documents:

db.inspections.aggregate ([

{

$searchMeta:
index: "MongoDB-in-Action",



Running Atlas Search queries 295

text: {
query: "Deli", // Searches for the term "Deli™"
// within the business names.
path: "business name" // Specifies that the search
// should be conducted on
//the 'business name' field.

}

}
1)

The pipeline returns the following result:

[ { count: { lowerBound: Long('2447') } } ]

The output from this search operation is expressed as metadata, specifically showing a
count with a lower bound. This indicates the minimum number of records that match
the query criteria, providing a lower estimate of 2,447 businesses named "Deli".

In the next example, the $searchMeta operation within the aggregation pipeline
gathers metadata about businesses with "Hot Dog" in their names and "No Violation
Issued" in the inspection results. The query is designed to favor documents related
to the “Grocery-Retail" sector, although these are preferred but not essential for a
match. It strictly includes only businesses located in "Brooklyn", as indicated by the
city field in their addresses. The pipeline uses a compound query that combines con-
ditions to match and prioritize results based on business name, inspection outcome,
and sector while specifically filtering for locations in Brooklyn:

db.inspections.aggregate ([
{
$search: {
index: "MongoDB-in-Action", // Utilizes the MongoDB Atlas
// Search index for optimized
// text search.
compound: {
// Requires matching both business
// name and inspection result,
// prefers matching the sector,
// and filters by city.
must: [
{
text: { // Must match 'Hot Dog' in the business name.
query: "Hot Dog",
path: "business name"
}
}
{
text: { // Must match 'No Violation Issued'
// in the inspection results.
query: "No Violation Issued",
path: "result"

}
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}
1,
should: [

text: { // Prefers businesses in the
// 'Grocery-Retail' sector but it's
// not mandatory.
query: "Grocery-Retail",
path: "sector"
1
1
1,
filter: [
{
text: { // Strictly includes only businesses
// located in Brooklyn.
query: "BROOKLYN",
path: "address.city"

1
1
1
1
1
}
{
$addFields:
score: { Smeta: "searchScore" } // Adds a search relevance
// score to each matched document.
}
1
{
Sfacet: { // Summarizes the total documents and score statistics.
totalDocuments: [{ S$count: "totalCount" }], // Counts
// total matching documents.
scoreStats: [
{
$group: { // Aggregates maximum, minimum, and average scores.
_id: null,
maxScore: { $max: "$score" },
minScore: { $min: "$score" },
averageScore: { $avg: "$score" }
1
1
1
}
1

The metadata provided in the output of the pipeline offers insights into the search
results for businesses related to the query:

totalDocuments: [ { totalCount: 13 } 1,
scoreStats: [
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{
_id: null,
maxScore: 7.446932792663574,
minScore: 3.273611068725586,
averageScore: 4.741124574954693

The metadata shows that the query returned 13 documents matching the criteria
with businesses named "Hot Dog" and inspection results of "No Violation Issued"
in Brooklyn. The score statistics reveal the search relevance scores; the highest is
7.446932792663574, indicating a close match to the search criteria, and the lowest is
3.273611068725586, suggesting a document that barely meets the threshold. The aver-
age relevance score across all documents is 4 .741124574954693, reflecting the general
relevance of the results to the specified parameters.

This approach is useful for obtaining quick statistics about the data without retriev-
ing the actual documents. It can be efficient for large data sets or preliminary data
analysis.

Learning Atlas Search commands

MongoDB includes four commands that enhance search index management. These
commands can be run only on a deployment hosted on MongoDB Atlas and require an
Atlas cluster tier of at least M10:

db.collection.createSearchIndex ()—Use this command to create a new
Atlas Search index. It requires the index name and a document specifying the
index configuration as arguments. Executing db.collection.createSearch-
Index ("mySearchIndex", {"mappings": {"dynamic": true}}) will create an
index named "mySearchIndex" with dynamic mappings.

db.collection.updateSearchIndex ()—This command updates an exist-
ing Atlas Search index. It takes the index name and a new configuration doc-
ument as arguments. db.collection.updateSearchIndex ("mySearchIndex",
{"mappings": {"dynamic": false, "fields": {"description": {"type":
"string"}}}}) modifies the "mySearchIndex" to use static mappings and adds a
string field named "description".

db.collection.dropSearchIndex ()—Use this command to delete an
Atlas Search index. You need to provide the index name as the argument.
db.collection.dropSearchIndex ("mySearchIndex”) deletes the "mySearch-
Index" index.
db.collection.getSearchIndex () —This command retrieves the configuration
of an existing Atlas Search index. When called with an index name, it returns
that specific index’s configuration; without an argument, it returns configura-
tions for all indexes in the collection.
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11.7 Using Atlas Search Playground

You can also try Atlas Search on the Playground. The MongoDB Atlas Search Play-
ground is an intuitive, interactive platform designed to showcase the robust capabilities
of Atlas Search. Without the need for a MongoDB Atlas account, cluster, or data col-
lection, it allows you to engage directly with the technology by creating search indexes
and executing queries in a controlled environment. Figure 11.6 shows the interface
of the Atlas Search Playground, which you can find at https://mng.bz/RwvP without
logging in.

Figure 11.6 The Atlas Search Playground, where users can configure and test search queries in MongoDB Atlas. It
includes sections for writing queries, configuring the search index, viewing the data source, and displaying results.
This interface allows users to experiment with search features and see how their queries perform on sample data
before applying them in a live environment. (Image © MongoDB 2025)

You can choose among three distinct preconfigured environments to explore specific
functionalities of Atlas Search, as shown in figure 11.7.

The Basic environment enables searching all document fields and is ideal for broad
queries. The Catalog Search environment is designed for detailed searches within
Airbnb listings, using tools such as EQUALS, RANGE, SORT, SYNONYMS, and TEXT to refine
results. If you’re interested in identifying individual accounts, the Customer Lookup
environment offers features such as AUTOCOMPLETE, COMPOUND, CUSTOM ANALYZER,
SORT, and TEXT, enhancing the precision and efficiency of searches by name or email.

This setup is beneficial for quick testing, experimentation, and educational purposes,
providing a risk-free way to learn and understand the various search functionalities
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Select a Pre-Configured Enviornment

Choose an enviornment below to see how Atlas Search works

Basic Catalog Search Customer Lookup

Search all document fields Find Airbnb listings using filters and Find accounts by name or email
synonyms
ynony AUTOCOMPLETE J COMPOUND
EQUAL: RT
@ CUSTOM ANALYZER
SYNONYMS Y TEXT

o

J

Figure 11.7 Atlas Search Playground preconfigured environments (Image © MongoDB 2024 CC BY-NC-SA 3.0)

and their applications. Whether you’re a developer looking to integrate search capa-
bilities into your applications or are simply curious about the potential of MongoDB
Atlas Search, the Playground offers a convenient, accessible way to explore these fea-
tures in depth. Also, it gives you the option to share snapshots of your Playground ses-
sions, making it easy to collaborate with colleagues or demonstrate your work.

The Atlas Search Playground is a useful tool for experimenting with MongoDB’s
search capabilities, but it has several limitations:

It does not support Atlas Vector Search (described in chapter 12), restricting the
range of functionalities you can explore. The environment is designed to work
with only a single collection; hence, you cannot use operations such as $lookup
and $unionWith to search across multiple collections.

Another significant limitation is that the Atlas Search Playground environment
does not persist. If you want to save your setup, you must click the Share button to
create a snapshot URL, which remains valid for 30 days.

The Playground imposes data restrictions as well. You cannot add more than 500
documents or import files larger than 100 KB, and the total data in your Play-
ground environment (which includes the collection, search index, synonyms,
and queries) cannot exceed 300 KB. These constraints may affect the extent to
which you can realistically test and demonstrate larger or more complex search
functionalities.
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TIP To stay up to date with the Atlas Search architecture, visit the official
MongoDB documentation at https://www.mongodb.com/docs/atlas/atlas
-search.

Summary

Full-text search surpasses traditional methods by analyzing document content
for relevance, phrases, citations, and attributes. It supports various types, such as
simple keyword, Boolean, fuzzy, wildcard, phrase, proximity, range, and faceted
searches. This versatility makes it ideal for applications ranging from quick
queries to complex filtering tasks.

Using separate solutions for database management and full-text search intro-
duces complexity in data synchronization and query handling. This setup
requires extra maintenance and monitoring, leading to potential consistency
problems, increased costs, and additional operational overhead for DevOps
teams.

Apache Lucene is a high-performance Java library that offers advanced search
features including indexing, spell-checking, and text analysis. It’s part of an open
source project that includes PyLucene, providing Python bindings to extend
Lucene Core’s capabilities.

Lucene uses inverted indexing to map terms to document locations, significantly
speeding search queries and enhancing performance.

Atlas Search, embedded in MongoDB Atlas, delivers a scalable full-text search
feature using Apache Lucene, allowing seamless integration of search capabili-
ties without an additional system.

The mongot process is crucial for creating, managing, and updating Atlas Search
indexes using Apache Lucene technology, ensuring that they stay synchronized
with MongoDB’s current state by monitoring change streams and applying
updates promptly. It also handles Atlas Search queries directly, providing accu-
rate real-time search results.

Atlas Search Nodes in MongoDB Atlas are specialized, separated nodes focused
solely on search functions via the mongot process. They provide workload isola-
tion in dedicated (M10 or higher) sharded and unsharded clusters across various
cloud providers.

An Atlas Search index can be on a single field or multiple fields, preferably those
used for sorting or filtering to speed queries. Use dynamic mappings to index all
supported fields automatically, though this approach may affect performance,
or use static mappings to index specified fields selectively, ignoring mismatched
data types.

Atlas Search index limits vary by cluster tier. MO clusters allow up to three indexes.
M10 and higher clusters place no restrictions on the number of indexes you can
create.
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There are no additional fees or charges when you enable Atlas Search on your
Atlas cluster. But you may observe an increase in resource use on the cluster,
depending on factors such as the size of the indexed collections and index
definitions.

Atlas Search queries are formatted as stages within an aggregation pipeline. They
incorporate the $search and $searchMeta stages, which are required to be the
first stage in any query pipeline. These stages can be integrated with other aggre-
gation pipeline stages to enhance your query pipeline.

You can use the text operator with the fuzzy operator. The fuzzy operator
allows for searches that can match similar terms, accounting for possible typo-
graphical errors or variations in spelling. This enhances search functionality by
accommodating minor mistakes in the search query.

In systems such as Apache Lucene, which supports Atlas Search, scores are cal-
culated dynamically based on document relevance, with no upper limit. Higher
scores indicate a closer match to the search criteria, effectively helping users find
the most relevant information quickly.

The facet operator in Atlas Search structures search results in distinct categories
based on criteria such as price ranges, categories, and tags, facilitating easier nav-
igation and organization of data.

You can explore Atlas Search using the MongoDB Atlas Search Playground. This
user-friendly platform demonstrates the powerful features of Atlas Search with-
out requiring a MongoDB Atlas account, cluster, or data collection. It lets you
create search indexes and run queries in a simplified environment.
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This chapter covers

Working with embeddings and vector databases
Creating an Atlas Vector Search

Exploring the $vectorSearch aggregation
pipeline stage

Using Atlas Triggers to generate embeddings

Chapter 11 introduced Atlas Search, which is built with Apache Lucene. This pow-
erful open source search engine enhances database functionality by providing full-
text search capabilities integrated directly into MongoDB.

In this chapter, we explore Atlas Vector Search. This feature, also built on the
foundation of Apache Lucene, extends MongoDB’s core server capabilities further
by enabling vector-based search functionalities.

Unlike traditional full-text search that primarily matches exact text, vector search
identifies vectors that are near your query within a multidimensional space. The
closer these vectors are to your query, the greater their semantic similarity is. By
incorporating vector search, Atlas uses Lucene’s capabilities to index and navigate

302



12.1

Starting with embeddings 303

high-dimensional vectors, yielding more nuanced, contextually appropriate search
results. If you search “renewable energy” using vector search, for example, you might
getresults related to solar power, wind energy, and sustainable resources, capturing the
broader concept of renewable energy rather than exact matches of the phrase renewable
energy. This approach is particularly beneficial in applications involving image, video,
and audio searches, as well as scenarios requiring semantic text search.

Vector search also helps applications like chatbots find and use the most rele-
vant data from large data sets, searching this data based on the theme of the request
and using it to provide context for queries sent to advanced language models. This
approach is called the retriever-augmented generation (RAG) model. One of the major
challenges in advanced language models is hallucinations, in which the AI generates
plausible-sounding but incorrect or nonsensical information. RAG was developed to
address this problem. RAG uses vector search to quickly identify and retrieve import-
ant information from these data sets based on the user’s input. Then this real data
is sent to advanced language models like Generative Pretrained Transformer (GPT),
which process it to generate accurate, contextually relevant responses. By grounding
responses in factual information, RAG enhances the performance of chatbots and
other Al applications, allowing them to provide more precise and detailed answers to
user queries.

Starting with embeddings

Vector search relies on embeddings. Vector embeddings convert various data types—
such as text, voice, and sentences—to numerical values that reflect their meaning
and relationships. These data types are represented as points in a multidimensional
space, with similar data points located closer together. This numerical approach helps
machines understand and process the data more efficiently.

Word and sentence embeddings are common types of vector embeddings, but this
category also includes document embeddings, image vectors, user profile vectors, and
product vectors, among others. These embeddings help machine learning algorithms
identify patterns in data and perform tasks such as sentiment analysis, language trans-
lation, and recommendation systems. Figure 12.1 shows how different data types are
represented as points in a 3D space, clustered based on similarities.

The categories Renewable Energy, Wind Energy, and Solar Power are grouped, with
the query Renewable Energy falling within this cluster, illustrating how closely related
terms are positioned near one another. The MongoDB and Apache Lucene symbols
are distinctly represented, indicating their separate vector embeddings, which are used
for different types of data storage and search functionalities. Similarly, unique clusters
such as Apache Lucene and MongoDB are distinctly grouped away from the Renew-
able Energy categories. This spatial arrangement helps illustrate how embeddings allow
machines to understand and process related data efficiently, supporting tasks like pat-
tern recognition in sentiment analysis, language translation, and recommendation
systems.
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Query Renewable Energy Apache Lucene

Solar Power ‘

Wind Energy

Figure 12.1 A visual representation of vector embeddings shows how the query Renewable Energy is
mapped in semantic space. Clusters such as Wind Energy and Solar Power appear close to the query,
indicating high semantic similarity. By contrast, unrelated clusters like MongoDB and Apache Lucene are
positioned farther away. (Image © MongoDB 2024 CC BY-NC-SA 3.0)

Various vector embeddings serve different purposes across multiple applications. Here
are some common types:

Text embeddings—Transform text strings into vectors, capturing semantic rela-
tionships and contextual nuances from large text data sets. They are used for
tasks such as search, clustering, recommendations, anomaly detection, diversity
measurement, and classification.

Sentence embeddings—Convert entire sentences to vector form. Specific mod-
els are designed to encapsulate the overall meaning and contextual essence of
sentences.

Document embeddings—Turn entire documents, ranging from newspaper articles
to books, into vectors. These embeddings aim to grasp the semantic depth and
contextual breadth of the documents through specialized techniques.

Image embeddings—Translate visual content into vector representations by iden-
tifying various visual attributes. Methods employing convolutional neural net-
works and certain pretrained models are commonly used for tasks such as image
classification and similarity assessments.

Audio embeddings—Convert audio signals to vector representations by capturing
features such as pitch, tone, and rhythm. They are used for tasks like speech rec-
ognition and music classification by analyzing various acoustic properties of the
audio.



12.1.1

Starting with embeddings 305

User embeddings—Create vector representations of users within a system, captur-
ing preferences, behaviors, and traits. These embeddings are useful in applica-
tions such as recommendation systems and personalized marketing.

Product embeddings—Encode the characteristics and attributes of products in vec-
tors, which can be used to analyze, compare, and recommend products in sys-
tems such as e-commerce platforms.

Embeddings and vectors are essentially the same, representing data as numerical points
in high-dimensional space, but embeddings specifically apply techniques to capture
meaningful information and relationships. The term vector describes an array of num-
bers that indicates a specific dimensionality, whereas embeddings refers to representing
data as vectors to encapsulate semantic relationships or contextual details. Although
you can use these terms interchangeably when discussing vector embeddings, embed-
dings emphasize a structured and meaningful representation of data, whereas vectors
are more about the numerical format itself.

Converting text to embeddings

Let’s explore various methods for converting text to embeddings. MongoDB Atlas
does not support embedding creation; you need to use an external system. One option
is the OpenAl Embeddings API, available at https://mng.bz/YZ1B, which provides
high-quality text embeddings.

Another alternative is Google’s Universal Sentence Encoder, which offers embed-
dings for sentences and paragraphs and is available via TensorFlow Hub at https://www
.tensorflow.org/hub. BERT, also developed by Google, provides context-aware embed-
dings, with Sentence-BERT (https://www.sbert.net) being a variant designed for more
effective sentence embeddings.

Hugging Face offers a wide range of pretrained models and embeddings for various
NLP tasks, accessible at https://mng.bz/Gwyv.

Additionally, Large Language Model Meta Al (LLaMA), developed by Meta, is
designed for scalable text embeddings and various natural language processing (NLP)
applications. LLaMA is an open source large language model (LLM) that can be run
locally, offering flexibility for those who prefer or require on-premises solutions. To run
LLaMA locally, you need a machine with sufficient computational power. For details,
check the LLaMA GitHub repository (https://github.com/meta-llama/llama).

I decided to use the OpenAl Embeddings API in this book because it provides highly
accurate, context-aware text embeddings based on state-of-the-art machine learning
models. I believe it is the most mature and reliable solution available. When I wrote
this Chapter, text-embedding-3-small and text-embedding-3-large were the newest,
most performant embedding models available.

text-embedding-3-small and text-embedding-3-large are advanced models
that generate dense vector representations of text, capturing semantic meanings and
relationships. The large model has more parameters and provides higher accuracy
than the small model. Both models perform well in multilingual contexts and are
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cost-effective. The model size balances efficiency and accuracy for specific needs.
These embeddings enhance tasks such as text classification, clustering, and search
by providing precise, context-aware text analysis. The small model is faster and more
resource-efficient, whereas the large model offers more detailed and nuanced text
analysis. Both models support multiple languages and are optimized for applications
requiring deep understanding and manipulation of text data.

To communicate with the OpenAl Embeddings API, start by obtaining your API key
from the OpenAl platform. Store this key securely. Set up your environment to include
the API key, typically through environment variables or secure secret management.
After you create an account, you can also generate an OpenAl API key at https://
platform.openai.com/api-keys.

Using curl (a command-line tool for transferring data with URLSs), you can send
arequest to the OpenAl Embeddings API to transform the text "MongoDB in Action
8.0" into an embedding, as shown in the following listing. First, ensure that you have
curl installed on your system. Next, set your OpenAl API key as an environment
variable.

Listing 12.1 Creating text embeddings with the OpenAl Embeddings API

export OPENAI_API_KEY=your-api-key
curl https://api.openai.com/vl/embeddings \
-H "Content-Type: application/json" \
-H "Authorization: Bearer $OPENAI_API_KEY" \

-d -{
"input": "MongoDB in Action 8.0",
"model": "text-embedding-3-small"
} 1

This command returns a response including the embedding vector in JSON format.
The shortened response looks something like this:

{
"object": "list",
"data": [
{
"object": "embedding", // Embedding object
"index": 0, // Index of the embedding
"embedding": [

// Example embedding values

0.0022989365, -0.06971052, 0.012823246, 0.05579968,
-0.013507065, -0.049443416, 0.005815723, 0.010315907,
-0.006538618, 0.023809947, 0.022989364, 0.009593013,
0.0030478816, 0.035089716, 0.005172153, 0.017217182,
-0.01868694, -0.02883528, -0.0021947355, -0.01346799,
-0.0057636225, 0.015096132, 0.008896167, -0.02650615,
0.0017714185, -0.016711248, -0.017154103,
0.014470926,-0.025060361, -0.0010965536, -0.019576779,
0.005216567, -0.008088609, 0.010875988, -0.012849296,
-0.0005344376, 0.020514589,-0.005760366, 0.040924978,
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-0.03386535, 0.024383053, -0.016567972, -0.0072224378,
-0.030478816, 0.015044032, -0.0011852874, -0.007339664,
0.020918367, 0.019615855,-0.04470868, 0.015103527,
0.013199839, 0.0069814725, -0.0049756016, 0.021869203,
-0.036965333, 0.03076537, 0.022507435, 0.0014889358,
0.034099806, -0.02985361, 0.024343979, 0.053246755,
0.0054086875, 0.0065223365, 0.012360854, 0.01742763,
0.005092828, 0.011664009, 0.040951025, 0.02614772,
-0.019582793, -0.009371466, -0.019904742, 0.0034031929,
0.019246848, 0.012331981, -0.06114199, -0.05027977,
-0.04470868, 0.035089716,-0.0028573892, -0.025255738,
0.038137596, 0.09221796, -0.02257256,0.014470926,
-0.025060361, -0.0010965536, -0.019576779, 0.005216567,
-0.008088609, 0.010875988, -0.012849296, -0.0005344376,
0.020514589, -0.049391314, 0.016346546, -0.01772721,
-0.0018902728, 0.0048714005, 0.014796554, 0.0014954484,
-0.021361222, 0.023067515, 0.04126363, -0.02690993,
0.02602422, -0.015734363, -0.0052002855, -0.03563677,
.024409104, -0.026532201, -0.029228404, 0.003360485,
.018469643, 0.016620073, -0.020123834, -0.003936847,
.0033230376, 0.007489453, 0.0032041834, 0.0016672174,
.0069814725, 0.0049756016, 0.021869203, 0.036965333,
.03076537, 0.022507435, 0.0014889358, 0.034099806,
.02985361, 0.024343979, 0.053246755, 0.0054086875,
.0065223365, 0.012360854, 0.01742763, 0.005092828,
.011664009, 0.040951025, 0.00892873, 0.051266935,
.005219823, 0.038137596, 0.0028997208, -0.03266704,
.09221796, 0.0026896906,-0.0030918415, 0.01542176,
.01978518, -0.06220805, 0.022767937, 0.009488812,

-0.0028573892, -0.005760366, 0.040924978, 0.03386535,
0.024383053, -0.016567972, -0.0072224378, 0.030478816
// List continues...

O O O O O O O o o o o

1
1,
"model": "text-embedding-3-small", // Model used for embedding
"usage": {

"prompt tokens": 5, // Number of prompt tokens used

"total tokens": 5 // Total tokens used

}

The curl command retrieves a JSON response containing the embedding vector for
the text "MongoDB in Action 8.0". The response shows the embedding as a list of
numerical values that represent the input text in a high-dimensional space. It also
includes details about the model used ("text-embedding-3-small") and token use.
For text-embedding-3-small, the embedding vector has 1,536 dimensions, whereas
text-embedding-3-large has 3,072 dimensions. Having 1,536 dimensions means that
each text is represented as a vector in a 1,536-dimensional space; having 3,072 dimen-
sions means that each text is represented in a 3,072-dimensional space. More dimen-
sions provide a more detailed text representation, improving model performance.
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To create embeddings, you can use programming languages such as Python or Java-
Script instead of curl. In Python and in JavaScript (Node.js), you can use the openai
library.

Understanding vector databases

A vector embedding is generally depicted as a series of numerical values. Each value
in this sequence correlates to a distinct feature or dimension, collectively forming
the data point’s representation. The individual numbers in the vector do not have
intrinsic meaning; instead, the comparative values and their interrelationships encap-
sulate the semantic information, enabling algorithms to process and analyze the data
efficiently.

A vector database (also known as a vector search database or vector similarity search engine)
manages the storage, retrieval, and search of these vectors. Unlike traditional rela-
tional databases that store data in rows and columns, vector databases organize data
as points within a multidimensional space, each point represented by vectors like [0.3,
0.8,-0.8, 0.6, 0.4, 0.1,-0.5, 0.2, ...]. This method of organization is particularly advan-
tageous for applications that require fast, accurate data matching based on similarity
rather than exact matches, making them ideal for semantic searches and recommen-
dation systems.

Figure 12.2 provides an overview of the workflow within a vector database. Content is
initially processed through an embedding model. These models generate embeddings
by transforming text or other data types into numerical vectors.

Embedding
Data

—e Embedding model [1.45, .., 1.01,
0.89, 0.06]

Vector

database
o

Application

!

Figure 12.2 Vector database operations. Data is processed by an embedding model, transforming it
into vector embeddings such as [1.45, ...,1.01, 0.89, 0.06]. These embeddings are stored in a vector
database. Queries from the application are also transformed into embeddings before the database is
searched. The most relevant results based on these query embeddings are then retrieved and returned as
query results. (Image © MongoDB 2024 CC BY-NC-SA 3.0)

Query result
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After the data is converted to vectors, it is stored in the vector database. The data-
base organizes these vectors within a high-dimensional space in which each vector
represents a point. When a query is made, it is also transformed into a vector using
the same or a similar embedding model. Then the vector database performs a simi-
larity search to find vectors that are closest to the query vector. This search is typically
done using algorithms such as cosine similarity, which measures the cosine of the angle
between two vectors, or Euclidean distance, which calculates the straight-line distance
between vectors in the space.

These algorithms help determine the degree of similarity between the query vec-
tor and the stored vectors. The closest vectors are retrieved and returned as the query
results. This process ensures that the data retrieved is semantically similar to the query,
enabling applications to provide relevant, precise results. The efficiency and accuracy of
vector databases make them essential for various applications, including context-aware
search, fraud detection, and question answering systems.

Using embeddings with Atlas Vector Search

Atlas Vector Search, similar to Atlas Search, uses the mongot process, a Java wrapper
for Apache Lucene. It monitors the MongoDB operation log (oplog) using change
streams to keep a set of Lucene indexes up to date. Also, it provides an API for
MongoDB to perform queries on these indexes. Recent versions of Apache Lucene
have been enhanced to support vector search capabilities by using algorithms such
as Hierarchical Navigable Small Worlds (HNSW) for approximate nearest neighbor
(ANN) searches and exact nearest neighbor (ENN) search.

The HNSW algorithm constructs a hierarchical graph in which nodes represent
data points and edges connect nodes that are similar based on a distance metric like
Euclidean distance. This graph is organized in multiple layers, with the upper layers
containing fewer data points and providing a broad overview of the data set, acting as
entry points for the search. These upper layers are faster but less precise. As the search
descends to the lower layers, it encounters more nodes, offering finer granularity and
increased precision. Each lower layer refines the search results from the upper layers,
enhancing accuracy.

The search process in HNSW begins at an entry point in the topmost layer, perform-
ing a greedy search by navigating the graph and moving to the nearest neighbor nodes
based on the distance metric. The search continues to move down to lower layers,
progressively refining the results until it reaches the bottom layer, providing a highly
accurate result. This layered approach significantly reduces search time compared with
brute-force methods, making HNSW suitable for large-scale, real-time applications.

By contrast, ENN search involves comparing the query vector with every vector in
the data set to find the exact closest match. This method guarantees precise results but
is computationally expensive (especially for large data sets) due to its linear complex-
ity. The key differences between HNSW (ANN) and ENN lie in computational com-
plexity, speed versus precision, and scalability. HNSW offers logarithmic to sublinear
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complexity, balancing speed and accuracy for real-time applications. ENN provides
exact matches but at higher computational costs and is less scalable for large data sets.

Overall, HNSW is favored for applications requiring fast, approximate results with
high accuracy, such as recommendation systems, image retrieval, and NLP, whereas
ENN is used when exact precision is crucial, albeit with greater computational demands.

Atlas Vector Search supports both ANN search, which avoids scanning every vector
embedding, and ENN search, which exhaustively examines all indexed vector embed-
dings to find the most similar vectors.

Building an Atlas Vector Search index

To use vector search on your data in Atlas, you need to create an Atlas Vector Search
index. This index, which is separate from your MongoDB database, helps you quickly
find documents with vector embeddings during queries. In your index definition,
specify the fields with embeddings in your collection to enable vector searches on
those fields. Atlas Vector Search supports embeddings up to 4,096 dimensions—with
4,096 dimensions referring to the size or length of a vector, which can have up to 4,096
elements or components. Each element of the vector represents a feature or character-
istic of the data.

In NLP, for example, a word embedding with 4,096 dimensions represents a word
with a vector containing 4,096 numerical values, each capturing different aspects of the
word’s meaning.

Recommended dimensions typically depend on the specific use case and the com-
plexity of the data. Commonly used dimensions are 128, 256, 512, and 1,024 because
they balance performance and accuracy. Higher dimensions, such as 4,096, may pro-
vide more detailed representations but can be computationally expensive.

Selecting a Vector Search source

To build an Atlas Vector Search index, first you need a MongoDB collection with doc-
uments containing embeddings. You can create this collection yourself by using an
external embedding model and inserting the documents with their corresponding
embeddings into a MongoDB collection. (Details on how to do this are in chapter
14.) Alternatively, for learning purposes, you can employ a ready-to-use collection with
embeddings created during the loading of the sample data set in chapter 2. The ready-
to-use documents, along with their embeddings, are located in the sample mflix data-
base within the embedded_movies collection, shown in the next listing. After logging
into Atlas, use MongoDB Shell (mongosh) to switch to the sample_mflix database with
the use command; then display a sample document using £indone.

Listing 12.2 Using £indone to find one document

use sample mflix //
switched to db sample mflix //
Atlas shard-0 [primary] sample mflix> //

Command switches to the
sample_mflix database.
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?b -embedded_movies.findone () // <] Command finds one document.
_1d: ObjectId('573a1390f29313caabcd5293"'), //
plot: "Young Pauline is left a lot of money when her
wealthy uncle dies. However, her uncle's secretary has
been named as her guardian until she marries,
at which time she will officially take ...",

Start of movie
record found

genres: [ 'Action' ],
runtime: 199,
cast: [ 'Pearl White', 'Crane Wilbur', 'Paul Panzer', 'Edward José' ],

num mflix comments: O,
poster: 'https://m.media-amazon.com/images/M/
MV5BMzgxODk1Mzk2M15BM15BanBnXkFt ZTgwMDgONzkwMjE@
. _V1_SY1000_SX677 AL .jpg',
title: 'The Perils of Pauline’',
fullplot: “Young Pauline is left a lot of money when her
wealthy uncle dies. However, her uncle's secretary has
been named as her guardian until she marries, at which
time she will officially take possession of her inheritance.
Meanwhile, her "guardian" and his confederates constantly
come up with schemes to get rid of
Pauline so that he can get
his hands on the money himself.™,

languages: [ 'English' ],

released: ISODate('1914-03-23T00:00:00.000Z"),
directors: [ 'Louis J. Gasnier', 'Donald MacKenzie' ],
writers: [

'Charles W. Goddard (screenplay)',
'Basil Dickey (screenplay) ',
'Charles W. Goddard (novel)',
'George B. Seitz',

'Bertram Millhauser'

1,

awards: { wins: 1, nominations: 0, text: 'l win.' },
lastupdated: '2015-09-12 00:01:18.647000000",

year: 1914,

imdb: { rating: 7.6, votes: 744, id: 4465 },
countries: [ 'USA' ],

type: 'movie',

tomatoes: {
viewer: { rating: 2.8, numReviews: 9 }
production: 'Pathé Fréres',
lastUpdated: ISODate('2015-09-11T17:46:19.000Z")

Dense vector
representation of the
movie plot; the data
and embedding are

1, stored together
plot_embedding: [ //

0.00072939653, -0.026834568, 0.013515796, -0.033257525,
-0.001295428, 0.022092875, -0.015958885, 0.018283758,
-0.030315313, -0.019479034, 0.019400224, 0.0106917955,
-0.005001107, 0.017981656, 0.0036416466, -0.012918158,

0.029816188, -0.00018706948, 0.013193991, -0.024483424,
-0.016011424, 0.0019275442, -0.007467182, -0.011768856,
0.012859052, -0.011722884, -0.002154121, -0.022539461,
0.0010910163, -0.017351182, -0.005122605, -0.010035052,
0.0073161307, -0.04103338, -0.021068355, 0.009877433,
0.023918625, -0.0037828467, 0.0067776004, 0.02159375,

0.018993042, 0.0034905956, 0.0053557493, 0.001825749,
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-0.026493061, 0.021580614, 0.00048516098, -0.02837135,
-0.00970668, 0.009279796, 0.021751368, 0.007834959,
-0.0130495075, -0.02049042, -0.0009054861, -0.0011345256,
0.000895634093, 0.02842389, -0.012957564, 0.014133136,
0.035831966, -0.015538569, -0.0022296465, -0.0038419536,
0.005523219, -0.009240391, -0.012215442, 0.011447052,
-0.032574512, 0.017232968, 0.03985124, 0.009719814,
0.01255695, 0.0013964024, 0.014592856, -0.020319667,
-0.022119146, 0.013922977, -0.021948392, 0.0051423074,
0.024930011, -0.037014104, 0.0042688376, 0.0041407724,
0.009752652, 0.0025235396, -0.02721548, 0.004038977,
-0.02274962, -0.0015835745, 0.035884503, 0.029317062,
-0.012727703, 0.0074080746, -0.0012510978, 0.009844596,
-0.003332977, 0.023432633, 0.00880694, -0.0066364002,

1436 more items

The document is a movie record from the embedded movies collection in the sample
mflix database. It includes fields such as _id, which is a unique identifier for the doc-
ument, and plot, which provides a summary of the movie’s storyline. The document
includes other fields, such as genres, runtime, cast, num mflix comments, poster,
title, fullplot, languages, released, directors, writers, awards, lastupdated,
year, imdb, countries, type, and tomatoes. It’s important to notice that it includes
a plot_embedding field, which is a dense vector representation of the plot. The data
and embedding are stored together in the document, designed for use in vector search
operations to efficiently retrieve similar documents based on their plot content.

Defining your Vector Search index

Next, you define your Atlas Vector Search index. You can use the Atlas UI for this pur-
pose, but this book focuses on the Atlas command-line interface (CLI). Therefore, use
the Atlas CLI to create the index, and place the index configuration in a file for use
with the Atlas CLL

Create the Vector Search index definition. In the definition, specify the name of the
database and collection that are the sources for the index, the path in the document
where the embedding is located, and numbimensions and similarity.

Similarity refers to the metric used to measure how close or similar two vectors are.
This metric determines how the system calculates the similarity between the vector
embeddings of different documents. Common similarity metrics include cosine simi-
larity, Euclidean distance, and dot product, which help efficiently retrieve documents
that are most similar to the query vector based on their embeddings:

Cosine similarity—Calculates the cosine of the angle between two vectors, indicat-
ing how aligned they are. This metric is ideal for text analysis and NLP tasks, such
as identifying similar sentences or documents.

Euclidean distance—Measures the straight-line distance between two points in the
vector space. This metric is commonly used in image recognition and clustering
tasks in which the spatial distance between data points is significant.
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Dot product—Calculates the sum of the products of corresponding elements
of the two vectors. This metric is often used in recommendation systems to
find items that have a high degree of similarity based on user preferences or
behavior.

Create a file named vector-definition.json, and place the following content inside it:

{

"name": "MongoDB-in-Action-VectorSearchIndex",
"type": "vectorSearch",
"collectionName": "embedded movies",
"database": "sample mflix",
"fields": [

"type": "vector",

"path": "plot embedding",

"numDimensions": 1536,

"similarity": "cosine"

"type": "filter",

"path": "genres"

"type": "filter",

"path": "languages"

"type": "filter",

"path": "year"

The vector-definition.json file defines a vector search index for MongoDB Atlas.
It specifies the index name as "MongoDB-in-Action-VectorSearchIndex" and sets the
index type to vectorSearch. The index targets the embedded_movies collection within
the sample_mflix database. The index configuration includes a field of type "vector"
located at the plot_embedding path (a path to the embedding in the MongoDB docu-
ment from the embedded movies collection), with 1,536 dimensions. This means that
each plot embedding is represented by a vector with 1,536 numerical values, capturing
various aspects of the plot’s content. The index uses cosine similarity to measure the
similarity between vectors. The index definition includes several filter fields:

genres—TFilters the results based on movie genres
languages—TFilters the results based on the languages of the movies

year—TVFilters the results based on the release year of the movies

These filters refine the search results by applying criteria beyond the vector similarity.
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12.2.4 Creating an Atlas Vector Search index

For this task, you’ll use an MO cluster, which supports vector search and which you cre-
ated in chapter 11. Use the atlas cluster 1list command to display its details:

atlas cluster list
ID NAME MDB VER STATE
6658a85ba%9e6a9047d15cf9o8 MongoDB-in-Action 8.0.4 IDLE

Next, as you did when creating a full-text search index, use the Atlas CLI command
atlas cluster search index to build the Atlas Vector Search index:

atlas cluster search index create \
--clusterName MongoDB-in-Action \
--file vector-definition.json

This command initiates the creation of the vector search index. You can check the sta-
tusuﬂngtheatlasclusterssearch indexes list command:

atlas clusters search indexes list \
--clusterName MongoDB-in-Action \
--db sample mflix --collection embedded movies

The vector search index has been created and is ready to use:

ID NAME DATABASE COLLECTION TYPE
66ade3f42fbc060637eb60f4 MongoDB-in-ActionVectorSearchIndex
sample mflix embedded movies vectorSearch

The vector search index is also visible in the Atlas Search section of the Atlas Ul, as
shown in figure 12.3.

Figure 12.3 Atlas Vector Search index panel. On the left side of the screen is a collapsible navigation menu. To
view vector search indexes, click the Search & Vector Search option in the Data section. The main panel displays
existing search index configurations. In this case, the sample mflix database and the embedded movies
collection are shown with an active vector search index named "MongoDB-In-Action-Vector-Search
-Index". The index is marked as Ready and is fully queryable, as indicated by the check. The Type is listed as
vectorSearch, and Index Fields includes "plot embedding", which indicates the field being used for vector
similarity searches. (Image © MongoDB 2025)
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Running Atlas Vector Search queries

The $vectorSearch stage of MongoDB’s aggregation pipeline is designed to perform
vector-based search operations on your data. It uses vector embeddings to find and
retrieve documents that are semantically similar to a given query vector.

To use the $vectorSearch stage, you need a vector search index created on the rel-
evant fields in your collection. The pipeline stage typically includes parameters such
as the index name, the query vector, the path to the vector field in the documents, and
the similarity metric to use. The following listing shows the $vectorSearch aggregation
pipeline stage prototype.

Listing 12.3 The $vectorSearch aggregation pipeline stage

{

"$vectorSearch": {
"exact": true | false,
"filter": {<filter-specifications},
"index": "<index-name>",
"limit": <number-of-results>,
"numCandidates": <number-of-candidatess>,
"path": "<field-to-search>",
"queryVector": [<array-of-numberss]

This prototype includes several key parameters:

exact—A Boolean value (true or false) that specifies whether to perform an
exact search (ENN) or an approximate one (ANN). Exact searches are more pre-
cise but can be slower, whereas approximate searches are faster but may return
less precise results. The defaultis ANN.

filter—An optional filter specification that allows you to restrict the search to
documents that match certain criteria. This parameter is useful for narrowing
the search results to a more relevant subset of documents.

index—The name of the vector search index to use. This index must be created
beforehand on the field containing the vector embeddings.

limit—The maximum number of search results to return. This parameter con-
trols the number of documents retrieved, which can be useful for paginating or
limiting the scope of the results.

numCandidates—The number of candidate vectors to consider during the
search. This parameter can affect the performance and accuracy of the search
because a higher number may increase processing time as well as precision.

path—The field in the documents where the vector embeddings are stored. This
parameter specifies which field the search should be conducted on.
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queryVector—An array of numbers representing the query vector. This vector
finds similar documents based on the similarity metric defined in the vector
search index.

12.3.1 Querying with embeddings

To execute a query using the $vectorSearch aggregation pipeline stage, you must have
the embedding of your query ready because Vector Search relies on the mathematical
representation of the query to find semantically similar documents. It cannot use text
alone because text needs to be transformed into a numerical format that captures its
meaning. Atlas Vector Search operates as a vector database, which stores these embed-
dings, and queries must compare the embeddings from the query with those stored in
the database.

NOTE When I wrote this book, MongoDB Atlas did not offer models that
enabled text-to-embedding conversion. You may need to use external systems for
this purpose, such as OpenAl, Hugging Face, Google’s TensorFlow, and LLaMA.

TIP  You need to embed your query using the same model that you used to
embed your data. If you used OpenAl’s GPT-40 model to embed your data set,
for example, you must use the same GPT-40 model to embed your query. This
ensures that the embeddings are compatible and the vector search can accu-
rately retrieve similar documents.

In chapter 14, I demonstrate a quick, efficient way to generate embeddings for queries
using an external framework called LangChain. In this chapter, I don’t include a
working example of a query with embeddings because it would span several pages of
the book. For now, it is important to understand that an embedding is required for
the query to function properly. The general outline of a query designed to search the
"MongoDB-in-Action-VectorSearchIndex" index looks like this example:

db.embedded movies.aggregate ([ The name of the

{ vector search index

"$vectorSearch": { The field in the
"index": "MongoDB-in-Action-VectorSearchIndex", documents where
// ‘—l the embeddings
"path": "plot embedding", // are stored
"queryVector": [<array-of-numbers>], //
"numCandidates": <number-of-candidates>, // The embedding array
"exact": false, // representing your
"limit": <number-of-results> // ANN query; must be created
} outside Atlas
} Maximum number

1) of results to return The number of candidate
vectors to consider

Pay attention to the following:

Ensure that the correct name of the vector search index is used (index).



Running Atlas Vector Search queries 317

Specify the correct field in the documents where the embeddings are stored
(path).

Provide the embedding array representing your query (queryVector).

Set the number of candidate vectors to consider for the search (numCandidates).

Define the maximum number of results to return (1imit).

Listing 12.4 shows an example of the aggregation pipeline with the $vectorSearch
stage, along with a portion of the embedding for the search phrase “village life,” which
will be searched for in the plot_embedding field. The full embedding definition for
“village life” has already been created but has been shortened here due to its length,
which could span several pages. This embedding replaces the text phrase “village life,”
is placed in queryvVector, and is used to search for documents with similar vector
embeddings within the plot_embedding field. If you run the query without the com-
plete embedding definition, it will not work.

Listing 12.4 Atlas Vector Search $vectorSearch stage with embedding

db.embedded movies.aggregate ([

{
// The SvectorSearch stage performs a search based on vector similarity
"$vectorSearch": {
"index": " MongoDB-in-ActionVectorSearchIndex", Name of the vector
// search index
"path": "plot embedding", //
"queryVector": [-0.0016261312,-0.028070757, Field in the
0.012775794,-0.0027440966,0.008683807,-0.02575152, documents where
.010283281,-0.0041719596,0.021392956,0.028657231, the embeddings
.006634482,0.007490867,0.01859878,0.0038187427, are stored

.01451522,0.01661379,0.000528442,0.00843722,0.01627464,
.024311995,-0.025911469, 0.008863748,0.008823762,
-0.034921836,0.007910728,-0.01515501,0.035801545,
-0.0035688248,-0.020299982,0.032256044,-0.028763862,-0.0071576433,
-0.012769129,0.012322609,-0.006621153,0.010583182,0.024085402,
-0.001623632,0.007864078,-0.021406285,0.002554159,
0.012229307,0.011762793,0.0051682983,0.0048484034,0.01808737,
0.024325324,-0.037694257,0.026537929,0.008803768,0.017767,
0.012642504,0.005218282,0.00584807,0.020153364,0.0032805866,
0.

0.

0
0
0
0

004248601,0.0051449724,0.006791097,0.007650814,

003458861,-0.0031223053,-0.01932697, 0.012769129,
-0.033615597,0.00745088,0.006321252,0.0038154104,
0.014555207,0.027697546,0.02828402,0.0066711367,0.0077,
0.01794076,0.011349596,-0.0052715978,0.014755142,-0.01975,
-0.011156326,0.011202978,0.0222,0.00846388,0.030549942,
.0041386373,0.018847128,0.00033655585,0.024925126,
.003555496,0.019300312,0.010749794,0.0075308536,
.016567878,-0.012869096,-0.015528221,0.0078107617,
.011156326,0.013522214,0.020646535,0.01211601,0.055928253,
.011596181,-0.017247654,0.0005939711,-0.026977783,
.003942035,0.009583511,0.0055248477,0.028737204,0.023179034,
.003995351,0.0219661,0.008470545,0.023392297,0.010469886,
.015874773,0.007890735,0.009690142,0.00024970944,0.012775794,

O O O O O o o o
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.03686786,0.00671778,0.027484283,0.011556195,0.036068123,
.013915418,0.0016327957,0.0151016945, 7438237429348,
.004671795,0.012555866,0.0209531,0.01982014,0.02448,
.0105431955,0.005178295,0.033162415,0.013795458,0.007150979,
.010243294,0.0045618312,0.0024725192,0.004305249,0.008197301,
.0014203656,0.0018460588,0.005015015,0.011142998,0.01439526,
.022965772,0.02552493,0.007757446,0.0019726837,0.009503538,
.032042783,0.008403899,0.04609149,0.013808787,0.011749465,
.036388017,0.016314628,0.021939443,-0.0250051, -0.017354285,
-0.012962398,0.00006107364,0.019113706,0.03081652,-0.018114036,
0.0084572155,0.009643491,0.0034721901,0.0072642746,0.0090636825,
0.01642126,0.013428912,0.027724205,0.0071243206,
0.6858542,0.031029783,0.014595194,0.011449563,0.017514233,
0.01743426,0.009950057,0.0029706885, -0.015714826,
-0.001806072,0.011856096,0.026444625,-0.0010663156,
-0.006474535,0.0016161345,-0.020313311,0.0148351155,
0.001839943,0.005737785,0.01830641,0.018647194,0.03345565,
0.008070676,0.007143142,0.01430958,0.0044818576,0.003838736,
0.007350913,0.018620536,0.017247654,0.007037683,0.010236629,
0.012122675,0.037694257,0.0055081863,0.042492677,0.00021784494,
010276617,0.022325981,0.005984696,0.009496873,0.013382261,
0.0010563189,0.0026507939,0.041639622,0.008637156,0.026471283,
.00803899,0.024858482,0.006686375,0.0016252982,0.027590916,
.015381602,0.0043718936,0.002159289,0.0359077,0.008243952,
.0119360695,0.027590916,0.046971202,0.0015194997,0.022405956,
.0016677842,0.00018535563,0.015421589,0.031802863,
.03814744,0.0065411795,0.016567878, -0.015621523, Query embedding
.022899127,-0.002679118,, ...1, (extremely long)
"numCandidates": 150,

" t": false, .
f?a:l e : =e ‘ ANN Number of candidate
oLt he vectors to consider

O O O O O O o o o

O O O O o o

Maximum number
of results to return

// The Sproject stage specifies which fields to include in the output
"$project": {

"oidn: o, < Excludes the _id field Includes the
iplot": 1 plot field

"title": 1,

"score": { $meta: "vectorSearchScore" }
) } Includes the Includes the title field
1) vector search score

The $vectorsearch stage finds the top five documents based on similarity to the
given query vector. The queryvector is a very long array of numbers representing the
embedding, and only part of it is shown here for brevity. The numCandidates parame-
ter specifies how many candidate vectors to consider during the search.

The exact parameter is set to false, indicating the use of ANN for faster search
results. This means that instead of finding the precise nearest neighbors, the search
finds approximate neighbors that are close enough, which significantly speeds the
search process while maintaining a high level of accuracy.
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The sproject stage includes the plot, title, and search score in the output while
excluding the _id field. To obtain the score of your Atlas Vector Search query results,
use vectorSearchScore within the $meta expression. The score field uses the $meta
expression with the vectorSearchscore value. This setup ensures that the score of the
documents returned from the vector search is included in the results. The score indi-
cates the similarity between the query vector and the document’s vector embedding.

A document returned by the $vectorSearch aggregation pipeline might look like
this:

plot: 'A young woman moves to a small village
and discovers the simple joys and hidden
secrets of rural life.',
title: 'Village Secrets',
score: 0.9523144960403442
¥
{

plot: 'A documentary exploring the daily lives
and traditions of villagers in a remote
mountain community.',
title: 'Mountain Village',
score: 0.9487524032592773
b
{

plot: 'An architect travels to a rural village
to design a community center and finds
himself enchanted by the local way of life.',
title: 'Building Dreams',
score: 0.9468201398849487
b
{

plot: 'A retired couple moves to the countryside
and becomes involved in village affairs,
rediscovering their passion for life.',
title: 'New Beginnings',
score: 0.9453170895576477
b
{

plot: 'A city boy spends a summer with his
grandparents in their village, learning valuable
lessons about family and nature.',

title: 'Summer in the Village',

score: 0.9438151121139526

In this example, the plot provides a summary of the movie’s storyline, which is closely
related to village life. The title gives the name of the movie. The score indicates the
similarity between the query vector for “village life” and the document’s vector embed-
ding. Higher scores reflect a closer match to the query, showcasing how vector search
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captures the semantic meaning and context of the query. (0 indicates low similarity,
and 1 indicates high similarity.) The score assigned to a returned document is part of
the document’s metadata.

TIP  If you want to use ENN, change the value of “exact": false to "exact":
true in the $vectorSearch stage definition. ENN ensures that the search
retrieves the most precise matches for the query vector by exhaustively compar-
ing the query vector against all stored vectors. This method guarantees high-
est accuracy in finding similar documents, but it can be more computationally
intensive and slower than ANN, which uses heuristics to speed the search at the
cost of some accuracy.

12.3.2 Using prefiltering with Atlas Vector Search

Prefiltering allows you to apply additional criteria to your search, narrowing the data
set before the vector similarity search is performed. This can significantly reduce the
search space and improve the performance of your queries.

The $vectorSearch filter option can match only Binary JSON (BSON) boolean,
date, objectId, string, and numeric values. To filter your data, you must index
the desired fields by specifying them as the filter type in your vectorSearch index
definition.

Atlas Vector Search supports the $vectorSearch filter option for the following
MongoDB Query API match expressions, though certain limitations apply:

$gt (greater than)

$1t (less than)

$gte (greater than or equal to)

$1te (less than or equal to)

$eq (equal to)

$ne (notequal to)

$in (in a set)

$nin (notin a set)

$nor (none of the conditions is met)

$and (all conditions must be met)

$or (any of the conditions must be met)
The svectorsearch filter option supports only the following operators in aggregation
pipelines:

$and (all conditions must be met)

or (any of the conditions must be met)

Also, the $vectorSearch filter option on fields with the object1d type does not sup-
port the following MQL match expressions:

$gt (greater than)
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$1t (less than)
$gte (greater than or equal to)
$1lte (less than or equal to)
$vectorSearch can’t be used in view definitions and the following pipeline stages:
$lookup subpipeline
$unionwWith subpipeline
$facet pipeline stage
For more information, see the MongoDB documentation at https://mng.bz/26rX.
Listing 12.5 demonstrates prefiltering using $vectorsearch stage with filters, which
are the classic filters known from the MongoDB query language. Note that queryVector

has been shortened due to its length, which would otherwise span several pages. If you
run the query without the complete embedding definition, it will not work.

Listing 12.5 Prefiltering data with the $vectorsearch pipeline stage

Name of the vector search index

db.embedded movies.aggregate ([

{

// The SvectorSearch stage performs a search based on vector similarity
"$vectorSearch": {

"index": "MongoDB-in-ActionVectorSearchIndex", Field in the documents

// where the embeddings
"path": "plot embedding", // are stored
"queryVector": [

-0.0016261312, -0.028070757, -0.011342932, -0.012775794,
-0.0027440966,0.008683807, -0.02575152, -0.02020668, 0.010283281,
-0.0041719596,0.021392956, 0.028657231, -0.006634482,
0.01853878, 0.0038187427,0.02959257, 0.01451522, 0.016061379,
0.000028442,0.008943722, 0.01627464, 0.024311995,
-0.025911469, 0.00022596726,-0.008863748, 0.008823762,
-0.034921836, 0.007910728,0.01515501,0.019300312,0.010749794,
0.0075308536,0.018287312,0.016567878,0.012869096,0.015528221,
0.0078107617,0.003415542,0.025911469,0.00022596726,
0.0088637480.011156326,0.013522214,0.020646530.0121601,
0.011596181,0.017247654,0.0005939711,-0.026977783,-0.003942035,
0.007890735,0.009690142,0.02020668,0.0012962399,0.025911469,
0.00022596726,0.0088637480.003415542,0.00024970944,0.012775794,
0.0114762215,0.013422247,0.010429899,0.03686786,0.006717788,
0.027484283,0.011556195,0.036068123,0.013915418,0.02020668,
0.001292399,0.02020668,0.001292399,0.003415542,0.003415542,
0.0016327957,0.0151016945,0.020473259,0.004671795,0.012555866,
0.0209531,0.01982014,0.024485271,0.0105431955,0.005178295,
0.033162415,0.013795458,0.007150979,0.010243294,0.005644808,
0.0045618312,0.0024725192,0.004305249,0.008197301,0.0014203656,
0.0018460588,0.005015015, 0.02020668,-0.0012962399,-0.003415542
1, // The shortened query embedding
"filter":

nsorn: |
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Matches documents with
{ genres: "Action" },// the genre “Action”

{ runtime: { "s$lt": 120 } } //
] Matches documents with
}, runtime less than 120 minutes

"numCandidates": 150,//
"exact": false, // <“— ANN Number of candidate

"limit": 5 // vectors to consider
} } Maximum number
i ! of results to return
// The $project stage specifies which fields to include in the output
"$project": { Excludes the _id field
|l_id|l : 0, // <—‘ -
wplot": 1, // <1 Includes the plot field
::tltle::f L //t . fors hs . /) Includes the
} score": { $meta: "vectorSearchScore" } title field
} Includes the

B vector search score

In this query, the filter option in the $vectorSearch stage uses $or to match docu-
ments that have the genre "Action" or a runtime of less than 120 minutes. The query-
Vector contains a shortened version of the query embedding.

The numCandidates and limit parameters control the number of candidates consid-
ered and the number of results returned, respectively. The $project stage specifies the
fields to include in the output: plot, title, and score.

Executing vector search with programming languages

mongosh is not the only way to perform vector searches on your data, of course. You
can also execute vector search queries using various programming languages. Many
MongoDB drivers for languages such as Python, JavaScript, Ruby, and others support
the $vectorsearch filter option, enabling you to integrate vector search capabilities
directly into your applications.

Using vector search with JavaScript

To use vector search in JavaScript, you need a MongoDB library such as mongodb for
Node. js. Here’s an example:

const { MongoClient } = require('mongodb') ;

async function vectorSearch () {
// MongoDB connection string
const uri = 'your mongodb connection string';
// Create a new MongoClient
const client = new MongoClient (uri,
{ useNewUrlParser: true, useUnifiedTopology: true });

try {
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// Connect to the MongoDB server

awailt client.connect () ;

// Select the database and collection

const database = client.db('your database_name') ;

const collection = database.collection('your collection name');

// Define the vector search query
const query = {
$vectorSearch: {
queryVector: [/* your query vector here */],
numResults: 10,
path: 'your vector_ field name'
}
}i

try {
// Execute the vector search query const results = await

collection.find(query) .toArray () ;
// Log the results to the console
console.log(results) ;
} catch (queryError) ({
// Handle errors that occur during the query execution
console.error ('Error executing vector search query:', queryError);
}
} catch (connectionError)
// Handle errors that occur while connecting to MongoDB
console.error ('Error connecting to MongoDB:', connectionError) ;
} finally {
try {
// Ensure the MongoDB client is closed
await client.close() ;
} catch (closeError) {
// Handle errors that occur while closing the MongoDB connection
console.error ('Error closing MongoDB connection:', closeError) ;

// Call the vectorSearch function and handle any unhandled errors
vectorSearch () .catch(console.error) ;

In this example, the $vectorSearch operator is part of the MongoDB library for
Node js. It allows you to perform vector-based similarity searches within your database
by specifying a query vector, the number of desired results, and the path to the vector
field in your documents. This operator is essential for tasks that involve finding similar
items based on their vector representations, such as in machine learning and recom-
mendation systems.

12.4.2 Using vector search and prefiltering with Python

To use vector search in Python, you can use the pymongo library. Here’s an example
that performs a vector search with prefilters:
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from pymongo import MongoClient

def vector_search():
# MongoDB connection string
uri = 'your mongodb_connection string'
# Create a new MongoClient
client = MongoClient (uri)

try:
# Connect to the MongoDB server
client = MongoClient (uri)
# Select the database and collection
database = client['your database name']
collection = database['your collection name']

# Define the pre-filters and vector search query
query = {
"Sand": [
{"category": "electronics"}, # Example pre-filter
{"price": {"$1lt": 500}}, # Another example pre-filter
{
"$vectorSearch": {
"queryVector": [/* your query vector here */],
"numResultg": 10,
"path": "your vector field name"

try:
# Execute the vector search query
# and convert the results to a list
results = list(collection.find(query))
# Print the results
for result in results:
print (result)
except Exception as query error:
# Handle errors that occur during the query execution
print ('Error executing vector search query:', query error)
except Exception as connection error:
# Handle errors that occur while connecting to MongoDB
print ('Error connecting to MongoDB:', connection error)
finally:
try:
# Ensure the MongoDB client is closed
client.close()
except Exception as close_error:
# Handle errors that occur while closing the MongoDB connection
print ('Error closing MongoDB connection:', close_error)

# Call the vector search function
vector_search()
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The code connects to a MongoDB instance and selects the appropriate database and
collection. The query is constructed with a combination of prefilters and the $vector-
Search operator. Prefilters are applied to narrow the search to specific categories and
price ranges before performing the vector search. The $vectorsearch operator spec-
ifies the query vector, the number of desired results, and the path to the vector field
in the documents. Then the query is executed, and the results are converted to a list
and printed. Error handling is included to manage any problems that arise during the
connection, query execution, and connection closure processes. This approach allows
for efficient similarity searches in MongoDB with additional filtering criteria applied
before the vector search.

Using vector search with prefilters in Ruby

To perform a vector search in Ruby, you can use the mongo gem. Here’s an example that
performs a vector search with prefilters:

require 'mongo'

def vector_ search
# MongoDB connection string
uri = 'your mongodb_connection string'
# Create a new MongoClient
client = Mongo::Client.new(uri)

begin
# Select the database and collection
database = client.database
collection = database['your collection name']

# Define the pre-filters and vector search query
query = {
"Sand" => [
{"category" => "electronics"}, # Example pre-filter
{"price" => {"$1lt" => 500}}, # Another example pre-filter
{
"$vectorSearch" => {
"queryVector" => [/* your query vector here */],
# Replace with your query vector
"numResults" => 10, # Number of results to retrieve
"path" => 'your vector field name'
# Field containing the vectors in your documents

}

begin
# Execute the vector search query and convert the results to an array
results = collection.find(query).to_a
# Print the results
results.each { |result| puts result }
rescue => query_error
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# Handle errors that occur during the query execution
puts "Error executing vector search query: #{query error}"
end
rescue => connection_error
# Handle errors that occur while connecting to MongoDB
puts "Error connecting to MongoDB: #{connection_error}"
ensure
# Ensure the MongoDB client is closed
client.close
end
end

# Call the vector_ search function
vector_search

The code connects to the MongoDB server using the provided connection string and
selects the appropriate database and collection. The query is constructed with a com-
bination of prefilters and the $vectorSearch operator. Prefilters are applied to narrow
the search to specific categories and price ranges before performing the vector search.
The $vectorsearch operator specifies the query vector, the number of desired results,
and the path to the vector field in the documents. Then the query is executed, and the
results are converted to an array and printed. Error handling is included to manage
any problems that arise during the connection, query execution, and connection clo-
sure processes.

Using Atlas Triggers for automated embeddings creation

Atlas Triggers is a feature in MongoDB Atlas that allows you to execute server-side logic
in response to database events or on a scheduled basis. These triggers enable you to
automate workflows, enforce business logic, and respond to changes in your data in
real time without managing a separate application server.

You can find more information about Atlas Triggers in chapter 19. For now, it is
important to know that you can use this feature to create embeddings automatically by
using an external model, such as the OpenAl embeddings API, for documents newly
added to a MongoDB collection. It is also important to understand that Atlas Triggers
are not available in the core MongoDB server; they are available exclusively in the Atlas
developer data platform. To create your first Atlas Trigger, use the Atlas Ul as shown in
figure 12.4.

The following steps guide you through the process of creating a trigger in your
MongoDB Atlas cluster. Triggers allow you to run functions automatically in response to
specific database events:

In your "MongoDB-in-Action" cluster, go to the Triggers tab located in the Ser-
vices section in the left panel.
Click the Get Started button.

Enter a name for your new Atlas Trigger. I used the name "MongoDB-in-Action

-Trigger".
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Figure 12.4 Creating an Atlas Trigger within a data platform (Image © MongoDB 2025)

Provide the cluster name. I used the cluster name Mo, as shown in figure 12.5,
where I previously configured the vector search index "MongoDB-in-Action".

For the Database Name, enter sample mflix, and for the collection, enter

embedded movies.

Select the operations that will activate the trigger: Insert Document, Update Doc-
ument, and Replace Document.

Check the Full Document option.

Figure 12.5 The configuration screen for setting up an Atlas Trigger in the MongoDB Atlas Ul. The Watch
Against section allows you to specify whether the trigger will monitor collections, databases, or deployments,
with Collection selected in this example. The Cluster Name field is set to "MongoDB-in-Action", indicating
the cluster where the trigger will be applied. The Database Name field is set to "sample mflix, specifying the
database that the trigger will monitor. The Collection Name field is set to "embedded movies", indicating the
collection within the database to watch for changes. In the Operation Type section, the trigger is configured to
activate on Insert, Update, and Replace Document operations. The Full Document option is enabled, meaning that
the entire document will be retrieved when a change event occurs. (Image © MongoDB 2025)
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Scroll down to the Function section, and create your custom Java Script function.
This function will generate or update embeddings in the documents within the
embedded_movies collection each time a new document is inserted or an existing
one is updated. This helps automate the embedding generation process, ensuring
that your data remains up to date without manual intervention.

Define the logic for embedding creation or update based on the document
changes.

The following example shows what this function might look like. Remember to update
the code by adding your OpenAl API key.

Listing 12.6 Atlas Trigger function for generating automated embeddings

exports = async function(changeEvent) {
console.log ("Change Event: ", JSON.stringify (changeEvent)) ;

// Check if documentKey is available

if (!changeEvent.documentKey || !changeEvent.documentKey. id) {
console.log("documentKey or _id is not available.");
return;

}

// Access the _id of the changed document:
const docId = changeEvent.documentKey. id;

// Get the MongoDB service you want to use

const serviceName = "MongoDB-in-Action";

const database = "sample mflix";

const collection = context.services.get (serviceName)
.db (database) .collection (changeEvent.ns.coll) ;

try {
// For insert, update, or replace events, process the document
const fullDocument = changeEvent.fullDocument;
if (!fullDocument) {
console.log("Full document is not available.");
return;

}

// Check if the document has the 'plot' field

if (!fullDocument.plot) {
console.log ("Document does not contain 'plot' field.");
return;

}

const url = 'https://api.openai.com/vl/embeddings';

// Add your OpenAI API key here
const openai_key = "<Your OpenAI API key>";

// HTTP call to OpenAI API to get embedding for the plot
let response = await context.http.post ({
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url: url,

headers: {
'Authorization': [“Bearer ${openai key}'],
'Content-Type': ['application/json']

b
body: JSON.stringify ({
input: fullDocument.plot,
model: "text-embedding-3-small"
3]
i

// Parse the JSON response from the API
let responseData = EJSON.parse (response.body.text ()) ;

if (response.statusCode === 200) {
console.log("Successfully received embedding.");
const responseEmbedding = responseData.datal[0] .embedding;

// Update the document in MongoDB with the new embedding
const result = await collection.updateOne (

{ id: docid },

{ $set: { plot embedding: responseEmbedding }}
)i

if (result.modifiedCount === 1)
console.log ("Document successfully updated.");
} else {

console.log("Failed to modify document.") ;

!
} else {
console.log( Failed embedding with code:
${response.statusCode}, response: ${response.body.text()}”);

} catch (err) f{
console.log ("Error performing MongoDB write
or API call: ", err.message);

}
}i

This function handles change events in a MongoDB collection. It logs the change
event and checks whether the documentKey and _id are present. It accesses the _id
of the changed document and retrieves the relevant MongoDB service, database, and
collection.

For insert, update, or replace operations, the function processes the full document
and ensures that the document contains a plot field. If the plot field is present, the
function makes an HTTP posT request to the OpenAl API to generate an embedding
for the plot, using the specified model.

Upon successfully receiving the embedding from the API, the function updates the
document in MongoDB with the new embedding. The function includes comprehen-
sive error handling for both the API call and MongoDB operations, logging any prob-
lems that occur.
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After copying this function and pasting it into the Atlas UI Triggers section below
Function, click the Save button. Your trigger is ready to use. You can log in to mongosh
to test its functionality:

use sample mflix

db.embedded movies.insertOne ({plot:"The text will be
converted into an embedding using Atlas Triggers
and the OpenAI Embedding API"})

{
acknowledged: true,
insertedId: ObjectId('66af497£4873bfedlb091550")

}

This command inserts a document into the embedded movies collection. The
document contains the plot field with the text “The text will be converted into an
embedding using Atlas Triggers and the OpenAI Embedding API". Via Atlas Triggers,
this document is sent to the OpenAl Embedding API, which generates an embedding
from the plot field. Then the embedding is added to this document in the plot_
embedding field, using the $set operator as declared in the function. Using find,
display this document now:

use sample mflix
db.embedded movies.find({ _id: ObjectId('66af497£4873bfed1b091550') })
[
{
_id: ObjectId('66af497f4873bfedlb091550"'),
plot: 'The text will be converted into an
embedding using Atlas Triggers and
the OpenAI Embedding API',
plot_embedding: [
-0.026205065, 0.012598104, 0.022182247, -0.04040473, -0.026734715,
0.0091301575, 0.018272925, 0.029786507, -0.031879887, 0.022875836,
-0.010574084, -0.013102532, -0.0019262866, -0.000014433357,
-0.024414344, 0.048299037, -0.0062423036, 0.010593, 0.009754388,
-0.029408187, -0.033115737, 0.001923134, -0.011255062,0.00028216472,
0.019748379, 0.003698092, 0.068753615, 0.005387928, 0.029130751,
0.017453229, -0.011368559, 0.0045524677, 0.008770752, 0.014161833,
-0.026205065, 0.012598104, 0.022182247, -0.04040473, -0.026734715,
-0.021602154, 0.0091301575, 0.018272925, 0.029786507, -0.031879887,
0.022875836, -0.00068452535, -0.010574084, -0.013102532,0.0019262866,
-0.000014433357, 0.023052385, 0.0063211205, -0.034275923,
-0.023518983, -0.018474696, 0.03215732, 0.020164533, -0.013165586,
-0.008587897, -0.012081064, 0.025486253, 0.029811729, 0.0029051933,
.015687728, -0.03641974, -0.0031873581, -0.008291544, 0.00013743708,
.07561384, 0.04171464, 0.025183598, 0.017390175, 0.027340028,
.020063646, 0.005096065, 0.0018269772, 0.0036823286, 0.02582711,
.02102206, -0.012320668, 0.033872377, 0.004316017, 0.04746673,
.0229515, 0.063709326, 0.028727207,0.024830496, 0.036495406,
.0048898044, 0.016204769, 0.018260315, 0.008140217, 0.027062593,
.017743275, 0.066483684, 0.040757827, 0.008014109, -0.008133911,
.024061244, 0.0367224, 0.0144771, 0.0117279645, 0.007534902,
.0011042256, 0.019042179, 0.06537394, 0.019748379, 0.030618815,

O O O O O O O O o
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.0005710289, 0.0043317806, 0.017137961, 0.031274572, 0.046407428,

.03266175, 0.00415502, 0.006513434, 0.0133295255, 0.030755,

.021665208, 0.00158621, 0.02082029, 0.012062148, 0.03515867,

.014174443, 0.054074742, 0.02272507, 0.054579172, 0.04232156,

.0035499162, 0.01230057, 0.0013595927, 0.06476863, 0.0724037,

.05996115, 0.042119786, 0.017881993, 0.005952257, 0.00128956,
0.0020397832,0.020971619,0.045121137,0.058009285,

-0.04711363, 0.028903758, 0.01675964, -0.051249944,

"The array plot embedding has been shortened due to its length."

o O O O O o

]
}

Using Atlas Triggers, you can automate the process of generating embeddings for
newly added documents in your MongoDB collection. When a document is inserted
or updated, Atlas Triggers can send the relevant data to an external API, such as the
OpenAl Embedding API, to generate embeddings. Then these embeddings are added
back to the document in the specified field, streamlining the workflow and ensuring
that your data is enriched with embeddings without manual intervention.

Workload isolation with vector search dedicated nodes

As in Atlas full-text search, you can enhance query performance by using dedicated
search nodes for Atlas Vector Search. The mongod process and mongot will run on sep-
arate machines, so the MongoDB database will be separated from Apache Lucene.
When Atlas Vector Search operates on these nodes, it parallelizes query execution
across different segments of data, which improves response times, especially for large
data sets. This intraquery parallelism uses more resources but significantly reduces
latency for individual queries.

Search nodes offer workload isolation, ensuring that search operations do not affect
other database activities. In dedicated (M10 or higher) sharded and unsharded Atlas
clusters on any cloud provider, you can deploy these search nodes with each cluster or
with each shard within the cluster.

Parallelizing query processing is particularly effective for large data sets, as it can
dramatically improve response times. By employing intraquery parallelism in Atlas
Vector Search, you use more system resources, but the result is a notable reduction in
the latency of each query. This approach ensures that even complex searches are han-
dled more efficiently, providing quicker results. Chapter 11 describes more search
nodes.

Improving Atlas Vector Search performance

Several proven recommendations improve the performance of Atlas Vector Search.
Implementing these strategies can lead to faster and more efficient query processing.
Primarily, aim to perform ANN queries that search for results similar to a selected
product, images, and so on. Use ENN only when necessary because it is more computa-
tionally intensive and slower than ANN. ANN provides a good balance between speed
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and accuracy in most use cases, but other best practices can ensure optimal perfor-
mance for your queries. Here are some of them:

Reduce vector dimensions. Atlas Vector Search supports up to 4,096 vector dimen-
sions. Larger vectors, however, require more computational resources due to
the increased number of floating-point comparisons. To optimize performance,
reduce the number of dimensions whenever possible, but first ensure that chang-
ing the embedding models does not significantly affect the accuracy of your vec-
tor queries.

Avoid indexing vectors during queries. Indexing vector embeddings consumes signif-
icant computational resources. To maintain optimal query performance, avoid
indexing and reindexing vectors while running vector searches. If you need to
update the embedding model, create a new index for the new vectors instead of
updating the existing index.

Exclude vector fields from results. In the $project stage, request only the necessary
fields from the documents in the results. Exclude the vector fields; they can be
large and increase query latency. This selective approach improves query perfor-
mance by reducing the amount of data returned.

Ensure sufficient memory. Efficient vector search relies on having vector data and
indexes held in memory. Ensure that data nodes have enough RAM to accom-
modate this. Deploy separate search nodes for workload isolation to maximize
memory efficiency for vector search operations.

Warm up the filesystem cache. Without dedicated search modes, initial vector search
queries may experience high latency due to random disk seeks during HNSW
graph traversal. Performance improves as the indexed vectors are read into
memory. Warm up the filesystem cache to reduce latency for subsequent que-
ries, allowing faster access to vector data. To warm up the filesystem cache, per-
form a full index scan or run targeted queries that load frequently accessed data
into memory. This process ensures that the necessary data is readily available for
faster query responses.

Summary

Vector embeddings transform different data types, such as words and sentences,
into numerical values, representing them as points in a multidimensional space.
Similar items are positioned closer together, helping machines understand and
process the data more effectively.

A vector database (or vector similarity search engine) stores, retrieves, and
searches data organized as points in a multidimensional space, each represented
by vectors such as [0.3, 0.8,-0.8, 0.6, 0.4, 0.1,-0.5, 0.2, ...], unlike traditional data-
bases, which use rows and columns.
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In a vector database, content is first processed by an embedding model (such as
OpenAl’s GPT-4 or Hugging Face’s Transformers), which converts the data to
numbers. Then these vectors are stored in the database for efficient similarity-
based retrieval.

A vector index is a specialized data structure designed to store and manage vec-
tor embeddings from large data sets. It enables efficient similarity searches by
organizing vectors for quick retrieval, using algorithms such as ANN. ANN algo-
rithms, such as HNSW, ensure fast, scalable searches. This structure is essential
for applications such as recommendation systems, semantic search, and machine
learning.

Atlas Vector Search, similar to Atlas Search, uses the mongot process to replicate
and sync data from the target MongoDB collection to an Apache Lucene index
optimized for vector search. Recent versions of Apache Lucene support vector
search using algorithms such as HNSW for ANN searches and ENN search.

To perform vector search in Atlas, create an Atlas Vector Search index. These
indexes, separate from other database indexes, efficiently retrieve documents
with vector embeddings. Atlas Vector Search supports embeddings up to 4,096
dimensions.

The $vectorSearch stage in MongoDB’s aggregation pipeline is designed to per-
form vector-based search operations on your data. It uses vector embeddings to
find and retrieve documents that are semantically similar to a given query vector.
To use the $vectorSearch stage, you need a vector search index created on the
relevant fields in your collection.

You must embed your query with the same model used for your data. This ensures
compatibility and accurate vector search results.

When I'wrote this chapter, MongoDB Atlas did not provide models for converting
text to embeddings, so you may need to use an external system such as OpenAl,
Hugging Face, TensorFlow, or LLaMA.

To use ENN, change "exact": false to "exact": true in the $vectorSearch
stage definition. ENN ensures the most precise matches for the query vector by
exhaustively comparing it against all stored vectors. Although this method guar-
antees the highest accuracy, it is more computationally intensive and slower than
ANN, which speeds the search using heuristics but sacrifices some accuracy.

Prefiltering enables you to add specific criteria to your search, which narrows the
data set before the vector similarity search. This approach can greatly reduce the
search space and enhance the performance of your queries.

You can enhance query performance by using dedicated search nodes for vec-
tor search processing. High-CPU systems may offer even greater performance
benefits. When Atlas Vector Search operates on these nodes, it parallelizes query
execution across different data segments, resulting in more efficient processing.
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mongosh is not the only way to perform vector searches. You can also use pro-
gramming languages like Python, JavaScript, and Java; their MongoDB drivers
support the $vectorSearch filter option.

Atlas Triggers is a MongoDB Atlas feature that enables you to execute server-side
logic in response to database events or on a schedule. These triggers help auto-
mate workflows, enforce business logic, and respond to data changes in real time
without a separate application server.



Developing Al
applications locally
with the AtlasCLI

This chapter covers

Deploying locally with the Atlas CLI

Creating an Atlas cluster on your local host
Using mongorestore to load data into a local
cluster

Diving into a local Atlas cluster

Using the createSearchIndex () wrapper

The Atlas command-line interface (CLI) simplifies working with MongoDB Atlas
in the cloud and locally by managing setup, connections, and tasks across environ-
ments. It allows you to handle deployments efficiently, ensuring a seamless workflow
from development to production.

You can use the Atlas CLI to develop locally with MongoDB Atlas deployments,
including Atlas Search and Atlas Vector Search. This interface allows you to create
full-text search or Al-powered applications in your preferred development environ-
ment. You can use the Atlas CLI to handle setup, connections, and management
tasks from development to production. For full-text search, the Atlas CLI allows you

335
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to create and manage Atlas Search indexes, whether you're working locally or in the
cloud. For applications using semantic search and Al, the Atlas CLI supports creating
and managing local instances with Atlas Vector Search indexes.

Introducing local Atlas clusters

To create a local Atlas deployment with default settings in interactive mode, you can use
the command atlas deployments. The following listing shows what this command offers.

Listing 13.1 Atlas CLI local deployment option

atlas deployments --help
Manage cloud and local deployments.

Usage:
atlas deployments [command]

Aliases:
deployments, deployment

Cloud and local deployments commands:

setup Create a local deployment.

delete Delete a deployment.

list Return all deployments.

connect Connect to a deployment that is running

locally or in Atlas. If the deployment is paused,
make sure to run atlas deployments start first.

logs Get deployment logs.

start Start a deployment.

pause Pause a deployment.

search Manage search for cloud and local deployments.
Flags:

-h, --help help for deployments

Global Flags:
-P, --profile string Name of the profile to use from
your configuration file. To learn about profiles f
or the Atlas CLI, see https://dochub.mongodb.org/core/
atlas-cli-save-connection-settings.

Use "atlas deployments [command] --help" for more
information about a command.

The atlas deployments command in the Atlas CLI allows you to manage cloud and
local deployments. You can use it to create a local deployment with the setup com-
mand, delete a deployment with the delete command, and 1ist all deployments with
the 1ist command. The connect command lets you connect to a deployment that
is running locally or in Atlas, and if the deployment is paused, you can start it with
the start command. You can also retrieve deployment logs using the logs command,
pause a deployment with the pause command, and manage search for both cloud and
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local deployments using the search command. The --help flag provides additional
information for the deployments command and its subcommands.

AnAtlaslocal cluster creates alocal environment that mimics a cloud-based MongoDB
Atlas cluster. The process starts in the Atlas CLI, where you download and configure the
necessary Docker images that contain MongoDB binaries and dependencies on your
local machine. You deploy the local cluster using Docker or deploy it directly on the host
machine, which includes mongod, a single-node replica set instance of MongoDB and
configuration files used to simulate an environment. MongoDB configures a mongod
instances running locally on port 27017. The local cluster uses the local network for
connectivity, enabling applications to connect and interact with the cluster as though it
were deployed in the cloud.

Also, the mongot process runs as a separate component alongside mongod, handling
indexing and search operations. It provides full-text search and vector search capabili-
ties within your local cluster as it does in a cloud-based deployment (figure 13.1).

Query Lucene

e
 —
Change streams
mongod mongot
process process
| |

Figure 13.1 The mongod process alongside mongot for local deployments running in Docker
(Image © MongoDB 2025)

The mongot process is a Java wrapper for Apache Lucene. It uses MongoDB change
streams to monitor changes in MongoDB collections and automatically update the
corresponding Lucene indexes in real time, ensuring that the indexes are always in
sync with the data. Also, it provides an API for querying these indexes directly from
MongoDB.

Creating an Atlas cluster locally with Atlas CLI

You should use local deployments only for testing and development. The supported
operating systems for local Atlas deployments include the following:

macOS—The supported versions are 13.2 and later, with architectures x86-64 and
ARM. The minimum requirements are two CPU cores and 2 GB of free RAM.

Red Hat Enterprise Linux/CentOS—The supported versions are 8 and 9, also with
architectures x86-64 and ARM. The minimum requirements are the same, with
two CPU cores and 2 GB of free RAM.
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Ubuntu—The supported versions are 22.04 and 24.04, with architectures x86-64
and ARM. The minimum requirements are two CPU cores and 2 GB of free RAM.
Debian—The supported versions are 11 and 12, with architectures x86-64 and
ARM. The minimum requirements are two CPU cores and 2 GB of free RAM.
Amazon Linux—The supported version is 2023, with architectures x86-64 and
ARM. The minimum requirements are two CPU cores and 2 GB of free RAM.
Windows—The supported versions are 10 and 11, with architecture x86. The
minimum requirements are two CPU cores and 2 GB of free RAM.

13.2.1 Configuring Docker

Running a local Atlas cluster requires Docker to be installed. Docker is an open source
platform that automates the deployment, scaling, and management of applications
using containerization. Containers package an application and its dependencies into a
single lightweight unit that can run consistently across environments.

Using Docker with Atlas locally provides several benefits. It ensures that the appli-
cation runs consistently across environments and isolates the MongoDB environment,
preventing conflicts with other applications. Docker also makes it easy to scale your
local Atlas cluster for testing and development, simplifies the setup process with pre-
configured containers, and allows you to move and replicate the local setup easily
across systems.

For macOS, install Docker Desktop v4.31 or later (https://mng.bz/z2XB). For
Linux, install Docker Engine v27.0+ or later (https://mng.bz/0zKN). For Windows,
install Docker Desktop v4.31 or later (https://mng.bz/z2XB).

Docker requires a network connection for pulling and caching MongoDB images.
Additionally, Podman is supported only for Linux RHEL versions (https://podman.io/
getting-started/installation). I focus on Docker in this book.

After installing Docker successfully, ensure thatitis running by executing the docker
info command:

docker info

Client:

Version: 27.0.3
Context: desktop-linux
Debug Mode: false
Plugins:

buildx: Docker Buildx (Docker Inc.)
Version: v0.15.1-desktop.1l

compose: Docker Compose (Docker Inc.)
Version: v2.28.1-desktop.1l

debug: Get a shell into any image or container (Docker Inc.)
Version: 0.0.32

desktop: Docker Desktop commands (Alpha) (Docker Inc.)
Version: v0.0.14

dev: Docker Dev Environments (Docker Inc.)
Version: v0.1.2

extension: Manages Docker extensions (Docker Inc.)
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Version: v0.2.25
feedback: Provide feedback, right in your terminal! (Docker Inc.)
Version: v1.0.5
init: Creates Docker-related starter files for your project (Docker Inc.)
Version: v1.3.0
sbom: View the packaged-based Software Bill Of
Materials (SBOM) for an image (Anchore Inc.)
Version: 0.6.0
scout: Docker Scout (Docker Inc.)
Version: v1.10.0
Server:
Containers: 1
Running: 1
Paused: 0
Stopped: 0
Images: 1
Server Version: 27.0.3
Storage Driver: overlay?2
Backing Filesystem: extfs
Supports d_type: true
Using metacopy: false
Native Overlay Diff: true
userxattr: false
Logging Driver: json-file
Cgroup Driver: cgroupfs
Cgroup Version: 2
Plugins:
Volume: local
Network: bridge host ipvlan macvlan null overlay
Log: awslogs fluentd gcplogs gelf journald json-file local splunk syslog
Swarm: inactive
Runtimes: io.containerd.runc.v2 runc
Default Runtime: runc
Init Binary: docker-init
containerd version: ae71819c4f5e67bb4d5ae76a6b735£29cc25774e
runc version: v1.1.13-0-g58aa920
init version: de40ado
Security Options:
seccomp
Profile: unconfined
cgroupns
Kernel Version: 6.6.32-linuxkit
Operating System: Docker Desktop
OSType: linux
Architecture: aarché4
CPUs: 10
Total Memory: 7.657GiB
Name: docker-desktop
ID: cd9721bf-e6af-40df-9033-7ae08eb21b7a
Docker Root Dir: /var/lib/docker
Debug Mode: false
HTTP Proxy: http.docker.internal:3128
HTTPS Proxy: http.docker.internal:3128
No Proxy: hubproxy.docker.internal
Labels:
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13.2.2 Building your first local Atlas cluster

After installing Docker and ensuring that it’s working, you can create your local Atlas
cluster:

Run the atlas deployments setup --type local command. You see default
settings such as Deployment Name, MongoDB Version, and Port:

atlas deployments setup --type local

Please note that your session expires periodically.
If you use Atlas CLI for automation,
see https://www.mongodb.com/docs/atlas/cli/stable/
atlas-cli-automate/ for best practices.
To login, run: atlas auth login

[Default Settings]
Deployment Name local9el9
MongoDB Version 8.0

Port 27017

When asked how you want to set up your local Atlas deployment, choose the
default option. The process of creating the cluster begins; it might take several
minutes. The steps include starting the local environment, downloading the
latest MongoDB image, and creating the deployment. When the deployment is
created, a connection string is provided:

? How do you want to set up your local Atlas deployment? default
Creating your cluster local9619 [this might take several minutes]

1/3: Starting your local environment...

2/3: Downloading the latest MongoDB image to your local environment...
\

3/3: Creating your deployment local9619...

Deployment created!

Connection string: mongodb://localhost:27017/?directConnection=true

When asked how you want to connect to the deployment, choose mongosh. After
connecting, you see confirmation messages, information about the MongoDB
and mongosh versions, and any server startup warnings. Your local Atlas cluster is
ready for use:

? How would you like to connect to local9619? mongosh

Current Mongosh Log ID: 66af77b202b82525cbf9e5bd

Connecting to:

mongodb://localhost:27017/?directConnection=true&
serverSelectionTimeoutMS=2000&appName=mongosh+2.2.15

Using MongoDB: 8.0.4

Using Mongosh: 2.2.15

For mongosh info see: https://docs.mongodb.com/mongodb-shell/
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The server generated these startup warnings when booting
2024-08-04T12:44:27.729+00:00: Using the XFS
filesystem is strongly recommended with the WiredTiger
storage engine. See http://dochub.mongodb.org/core
/prodnotes-filesystem
2024-08-04T12:44:28.520+400:00:
/sys/kernel/mm/transparent hugepage/enabled
is 'always'.
We suggest setting it to 'mever' in this binary version

AtlasLocalDev rs-localdev [direct: primary] test>

Use the use dbs command to display the available databases in your local Atlas
cluster:

test> show dbs

admin 120.00 KiB

config 228.00 KiB

local 436.00 KiB

AtlasLocalDev rs-localdev [direct: primary] test>

Use docker ps to display the running Docker containers associated with your
local Atlas cluster:

docker ps

CONTAINER ID IMAGE COMMAND CREATED STATUS PORTS NAMES
b32351f3a7¢c7 mongodb/mongodb-atlas-local:8.0
"/usr/local/bin/runn.." 20 minutes ago
Up 20 minutes (healthy) 127.0.0.1:27017->27017/tcp
local9el9

When you run docker ps, you see details such as the container ID, image, command,
creation time, status, ports, and names of the running containers. The output shows
a container with ID b32351£3a7c¢7 running the image mongodb/mongodb-atlas
-local:s.0. This container was created 20 minutes ago and has been up for 20 minutes
with a status of healthy. The ports show that the container is mapping port 27017 to
127.0.0.1:27017, and the container name is local9619.

Managing your local Atlas cluster

You can manage your local Atlas cluster using the Atlas CLI—specifically, atlas
deployments. You can stop, start, connect to the database, delete, and view logs of your
cluster, as well as monitor cluster health by reviewing the logs.

Stopping, starting, checking, and deleting your local cluster

Let’s break down how this works in practice. The following sequence of commands
gives you an idea of how to manage your local cluster:
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Check the cluster. If you want to display and ensure that the cluster is still available
on your machine, run atlas deployments list --type LOCAL:

atlas deployments list --type LOCAL
You see a console message similar to this one:

NAME TYPE MDB VER STATE
local9619 LOCAL 8.0.4 IDLE

The output of the command shows that one local Atlas cluster is running,
local9619, and currently has the status IDLE.

Temporarily stop the cluster. Using atlas deployments, you can temporarily stop
your cluster by using the command atlas deployments pause <cluster name>
--type LOCAL, where <cluster name> (in this case) is 1ocal9619. Your cluster will
have a different name:

atlas deployments pause local9619 --type LOCAL
You see a console message similar to this one:

To login, run: atlas auth login
Pausing deployment 'local9619'.

Now you can validate the status of your cluster by running atlas deployments
again:

atlas deployments list --type LOCAL
The cluster is stopped, as indicated by the state STOPPED:

NAME TYPE MDB VER STATE
local9619 LOCAL 8.0.4 STOPPED

Restart the cluster. Using the command atlas deployments start, you can restart
your local cluster:

atlas deployments start local9619 --type LOCAL
Based on this message, you see that the cluster is starting:
Starting deployment 'local9619'.

Now, using the command atlas deployments connect, connect to your started
local Atlas cluster.
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atlas deployments connect --type LOCAL

You will be prompted to choose between mongosh and MongoDB Compass. I
chose mongosh and then connected to the database:

Please note that your session expires periodically.
If you use Atlas CLI for automation,
see https://www.mongodb.com/docs/atlas/cli/stable/
atlas-cli-automate/
for best practices.
To login, run: atlas auth login
? How would you like to connect to local9619? mongosh
Current Mongosh Log ID: 66af86eb95acd9cebd663£89
Connecting to:
mongodb://localhost:27017/?directConnection=true&
serverSelectionTimeoutMS=2000&appName=mongosh+2.2.15
Using MongoDB: 8.0.4
Using Mongosh: 2.2.15

For mongosh info see: https://docs.mongodb.com/mongodb-shell/
AtlasLocalDev rs-localdev [direct: primary] test>

Monitor the cluster. The Atlas CLI also enables you to monitor the logs of your local
Atlas cluster. This provides the benefit of real-time insights into cluster opera-
tions, helping you diagnose problems, monitor performance, and ensure the
smooth functioning of your cluster.

You can view the logs of your local cluster using the command atlas deployments
logs:

atlas deployments logs --deploymentName local9619 --type LOCAL
The logs are displayed in your console:

{rtn:{"¢date":"2024-08-04T13:54:35.299+400:00"},"s":"I", "c":"NETWORK",
"id":2944,"ctx":"connll7", "msg":"Connection

ended", "attr": {"remote" :"127.0.0.1:45150",

ryuidt: {"uuid":
{"$uuid":"4fa06363-affa-47e7-960c-a331e8d1£95"}}

"connectionId":117, "connectionCount":24}}
{ren:{"$date":"2024-08-04T13:54:35.299+00:00"},"s":"I",
"c":"NETWORK", "id":22944, "ctx":"connllée", "msg":"Connection

ended", "attr": {"remote" :"127.0.0.1:45142",

ryuidt: {"uuid": {"$uuid": "bfdbe0-c191-42d-9c51-

af9a9f2d0bds5"}}, "connectionId":116,

"connectionCount":23}}
{ren:{"$date":"2024-08-04T13:54:35.300+00:00"},"s":"I",
"c":"NETWORK", "id":22944, "ctx":"connll5",

"msg":"Connectionended","attr":{"remote":

"127.0.0.1:45134", "uuid": {"uuid":
{"$uuid":"61e66ddb-b2ea-44df-b281-a6f4b62d3ef3"}}
"connectionId":115, "connectionCount":22}}
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Delete the cluster. If you want to delete your local Atlas cluster, run the command
atlas deployment delete:

atlas deployments delete local9619 --type LOCAL

The command prompts you for confirmation and then deletes the cluster.

13.3.2 Loading a sample data set

You may want to load a sample data set that can be used for exercises, as in previous
examples. Currently, the Atlas CLI does not support this option for local clusters, but
you can download the sample data set and importitinto the cluster using mongorestore
(chapter 21). For now, it’s important to know that mongorestore restores data from a
Binary [SON (BSON) dump to a MongoDB database. Here’s how :

Run the following curl command to download the sample data file to your local
machine. This can take a few minutes. When the sample data set download is
complete, you see the file sampledata.archive on your local machine:

curl https://atlas-education.s3.amazonaws.com/
sampledata.archive -o sampledata.archive

To use mongorestore, install MongoDB Database Tools. The official MongoDB
documentation provides instructions based on your operating system. You can
find it at https://mng.bz/Qwnw.

Find the connection string for the local Atlas cluster. You can display it using
the command atlas deployments connect --connectWith connectionString
<names>, where <name> is the name of the local cluster:

atlas deployments connect --connectWith connectionString local9619
The connection string for my local Atlas cluster looks like this:
mongodb://localhost:32769/?directConnection=true

Now you can use this connection string with the mongorestore command.

Start loading the sample data set to your local MongoDB cluster:

mongorestore --archive=sampledata.archive \
--uri mongodb://localhost:32769/?directConnection=true

During data import, you may see messages like these:

2024-08-04T16:41:25.573+0200 preparing collections to restore from
2024-08-04T16:41:25.577+0200 reading metadata for sample
training.routes from archive
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'sampledata.archive’

2024-08-04T16:41:25.577+0200 reading metadata for
sample training.trips from archive 'sampledata.archive'

2024-08-04T16:41:25.577+0200 reading metadata for
sample analytics.accounts from archive
'sampledata.archive'

2024-08-04T16:41:34.746+0200 restoring indexes for
collection sample geospatial.shipwrecks from
metadata 2024-08-04T16:41:34.746+0200
index: &idx.IndexDocument
{options:primitive.M{"2dsphereIndexVersion":3,
"background":true,
"name":"coordinates_ 2dsphere",
"ns":"sample geospatial.shipwrecks","v":2},
Key:primitive.D{primitive.E
{Key:"coordinates",Value: "2dsphere"}},
PartialFilterExpression:primitive.D(nil)}
2024-08-04T16:41:34.781+0200
no indexes to restore for collection sample weatherdata.data
2024-08-04T16:41:34.781+0200
no indexes to restore for collection sample restaurants.restaurants
2024-08-04T16:41:34.781+0200
no indexes to restore for collection sample restaurants.neighborhoods
2024-08-04T16:41:34.781+0200
no indexes to restore for collection sample supplies.sales
2024-08-04T16:41:36.173+0200 425367 document (s) restored
successfully. 0 document(s) failed to restore.

Log in to the local Atlas cluster again, using the command atlas deployments

connect:

atlas deployments connect --type LOCAL

After logging back in to the local Atlas cluster, you see the databases created with
the sample data set for the exercises in previous sections:

AtlasLocalDev rs-localdev [direct: primary] test> show dbs

admin 120.00 KiB
config 296.00 KiB
local 220.30 MiB
sample airbnb 52.69 MiB
sample analytics 9.54 MiB
sample geospatial 1.21 MiB
sample guides 40.00 KiB
sample mflix 110.28 MiB
sample restaurants 6.20 MiB
sample supplies 1.03 MiB
sample training 47.62 MiB
sample weatherdata 2.55 MiB

AtlasLocalDev rs-localdev [direct: primary] test>
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Diving into a local Atlas cluster

The docker inspect command obtains detailed information about Docker objects
such as containers, images, volumes, and networks. You can find the name of the image
by running docker ps. Docker inspect provides JSON-formatted output containing a
wide range of configuration and state data about the specified object. You can use this
information for troubleshooting, monitoring, and understanding the specific details
of the Docker environment. Here’s the output of the docker inspect command:

docker inspect mongodb/mongodb-atlas-local:8.0 D —
[

{
"Id": "sha256:9acf037d83ece5c2bf8ef2818a72a026e7df9ef83
7096c1b898f4b792fbe3bad",
"RepoTags": [
"mongodb/mongodb-atlas-local:8.0"
1.
"RepoDigests": [
"mongodb/mongodb-atlas-
[CA} local@sha256:c40el7fc675c294fe8464fca2654640e60cc
10£375bb90b98£f47674737"
1.
"Parent": "",
"Comment": "buildkit.dockerfile.vO",
"Created": "2024-07-22T09:54:50.1656561272",
"DockerVersion": "",
"Author": "",
"Config": {
"Hostname": "",
"Domainname": "",
"User": "mongod",
"AttachStdin": false,
"AttachStdout": false,
"AttachStderr": false,
"ExposedPorts": {
"27017/tcp": {}

The docker
inspect
command

¥

"Tty": false,

"OpenStdin": false,

"StdinOnce": false,

"Env": [ <
"PATH=/usr/local/sbin:/usr/local/bin: /usr/sbin:/usr/bin:

/sbin: /bin:/opt/mongot™",
"container=oci", <+ The PATH
"TOOL=CONTAINER" environment variable

1,

"Cmd" : [
"/usr/local/bin/runner", The container
"server" command

1.

"Healthcheck": { -
"Test": [

"CMD", \/
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"/usr/local/bin/runner",

"healthcheck"
1,

"Interval": 30000000000,
"Timeout": 60000000000,
"StartPeriod": 60000000000,

"Retries": 3

"ArgsEscaped": true,
n Image n : nn ,
"Volumes":

b

"/data/configdb": {},
"/data/db": {}

"WorkingDir": "",
"Entrypoint": null,
"OnBuild": null,
"Labels": {
"architecture": "aarché64",
"build-date": "2024-06-28T07:36:05",

"com.redhat .component":

Volumes for data/
configdb and /data/db

"ubi9-container",

"com.redhat.license terms":
"https://www.redhat.com/en/about/
red-hat-end-user-license-agreements#UBI",
"description": "Container configured
with a single node replicaset instance of
MongoDB and Atlas Search",

"distribution-scope":
"io.buildah.version":
"io.k8s.description":

"public",
"1.29.0",

"The Universal Base Image

is designed and engineered to be the base layer for

all of your containerized applications, middleware and utilities.

This base image is freely redistributable, but Red Hat

only supports Red Hat technologies through subscriptions for

Red Hat products. This image is maintained by
Red Hat and updated regularly.",

"io.openshift.tags": "base rhel9",
"maintainer": "support@mongodb.com",
"mongodb-atlas-local": "container",
"name": "MongoDB Atlas Local",
"release": "1123.1719560047",
"summary": "MongoDB Atlas Local Container",
"url": "https://access.redhat.com/containers/
#/registry.access.redhat.com/
ubi9/images/9.4-1123.1719560047",
"vecs-ref": "92a4a475241865d0d11bd861fb2b29fbdob17dfo",
"vcs-type": '"git",
"vendor": "MongoDB",
"version": "8.0.4"
1
¥
"Architecture": "armé4",

"io.k8s.display-name":

"Red Hat Universal Base Image 9",

"io.openshift.expose-services": "",

"Os": "linux",
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"Size": 896833968,
"GraphDriver": {
"Data": {

"LowerDir": "/var/lib/docker/overlay2/afc6c2468758a5e3b60a51
ca07f3f3576fe9bc2cf57211bfa230feac325/diff: /var/lib/docker/
overlay2/4bef8399c049c97cd7ee9ab851lef4ddc8831alb47eb4l1fffc
b26d1b9e946a95a/diff: /var/lib/docker/overlay2/
ac46bcbe95082dcf80258fdf4e300c89047b3abbafa73alecf45692f1d180c3b/
diff:/var/lib/docker/overlay2/
2a153597089c5c23afb712540d735da81dd5bdlba9e388aafc571edlfa54bbe2
/diff:/var/lib/docker/overlay2/
90a2c43b668796a2ae4d2f377772551f4ef104al1216c9243e6caaa8f0f5£77aa/
diff:/var/lib/docker/overlay2/
d85cc2c9485c25bf1b5f487b7eb0cb7a52e414614ec4e4b8cdlebf4cf0919f0d
/diff:/var/lib/docker/overlay2/e9bb493bd34fcd7fct
0d76ffe8ef55acl4ef215c01788d2e02de02183f3ad/diff:
/var/lib/docker/overlay2/
8a0e3e2e2d7098171fccl15a9040433298030d9095924c08f863377b8f3085291/diff",

"MergedDir": "/var/lib/docker/overlay2/
cac61lbefdl10c97387d66427£882d1ac377e40532541f166d02e808¢c25/merged",
"UpperDir": "/var/lib/docker/overlay2/

cac61befdl10c997387d66427£882d1ac377e40532541fd50bcf166d02e808c25/
diff",

"WorkDir": "/var/lib/docker/overlay2/
cac61befdl10c997387d66427£882d1ac377e40532541fd50bcf166d02e808c25/
work"

b
"Name": "overlay2"
s
"RootFS": {
"Type": "layers",
"Layers": [

"sha256:deb67401b5c584abaddsdl179bdd276cfdd8aal44215£3a84080¢c597a9",
"sha256:5f76de7bb454d1laa238cd62251c0df8267b8e9216ee738db710aedefe",
"sha256:02346a59a9633b362209feffea349f8fe55dc27£750ea061667907e29",
"sha256:6c6cc35f5a5fe86ed0da435332830b88330b95773¢c4358c0d35349569",
"sha256:786fcd51af4c88de964798d72d416d580db9cb8fa5fab980b2a89fcls",
"sha256:701d5f46dcfadd41c360b24f£c08bc95886481a5df993405¢c510£2355",
"sha256:d8103d3d8ccl2ce82eee6f21f4a67400£3¢c913f63e1b0493aeef757ad",
"sha256:866468f4505fccacbab3b341219a9eb036040c64f5dcc5dc2d21274f6",

"sha256:ad94e6ecc9774£1d74£fa0749e97207aca23al41b3d53ebe2552eb6£210e14251"

]
}

"Metadata": {

"LastTagTime": "0001-01-01T00:00:00Z"

Here’s how the docker inspect command works:

The docker inspect command for mongodb/mongodb-atlas-local:8.0 pro-
vides detailed information about the Docker image. The image runs the mongod
user and exposes port 27017/ tcp.
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The pATH environment variable includes /opt /mongot, indicating that this direc-
tory is part of the image’s executable path.

The container command is /usr/local/bin/runner server. Itincludes a health
check that runs the command /usr/local/bin/runner healthcheck every 30
seconds with a timeout of 60 seconds, starting after a 60-second initial delay, and
retries up to three times.

The image supports volumes for /data/configdb and /data/db, indicating
where MongoDB stores its data. The image labels provide metadata such as archi-
tecture (aarchée4) and build date (2024-06-28T07:36:05) and confirm that it
is based on Red Hat Universal Base Image 9. The image architecture is armé4,
operating on the Linux system, and its size is approximately 896 MB. The image
uses the overlay2 storage driver, and the RootFs section lists multiple layers that
make up the filesystem of the Docker image.

13.4.1 Displaying processes

Use the docker top command to understand the processes running in the container.
The docker top command is helpful because it allows you to see the list of processes
running inside a specific container without installing additional tools within the con-
tainer. This command provides information similar to that of the ps command but can
be executed directly from the Docker host.

Execute docker top <container names. In the case of my deployment, the container
name is local9619:

docker top local9619

The command displays the following information about the processes running inside
the container:

UID PID PPID C STIME TTY TIME CMD
997 4395 4375 0 15:19 ? 00:00:00 /usr/local/bin/runner server

997 4426 4395 2 15:19 7 00:03:45 mongod --replSet
rs-localdev --dbpath /data/db --keyFile /data/configdb/keyfile
--maxConns 32200 --bind ip_ all
--setParameter mongotHost=localhost:27027
--setParameter

searchIndexManagementHostAndPort=1localhost:27027 -transitionToAuth

997 4520 4395 0 15:20 2 00:01:09 /opt/mongot/bin/jdk/bin/java
-XX:+ExitOnOutOfMemoryError
-Djava.security.egd=file:/dev/urandom
-cp /opt/mongot/lib/*:
/opt/mongot/bin/mongot deploy.jar com.xgen.mongot.MongotCli
--keyFile /data/configdb/keyfile
--data-dir /data/mongot
--mongodHostAndPort localhost:27017
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Here’s how the docker top command works:

The /usr/local/bin/runner server process is the main command responsible
for starting the container. It operates under the user with UID 997 and has been
running since 15:19, butit hasn’t consumed much CPU time.

The mongod process is the MongoDB server instance configured with various
parameters. Itis set up as part of a local development replica set (rs-localdev)
with its database files stored in /data/db. The server uses a key file for authentica-
tion, limits maximum connections to 32,200, and binds to all network interfaces.
Also, itis configured to interact with mongot on localhost:27027 for search and
indexing operations. This process is also owned by uID 997.

The Java process /opt/mongot/bin/jdk/bin/java runs the mongot component,
which handles search and indexing tasks. It is configured to exit on out-of-
memory errors and uses /dev/urandom for secure random-number generation.
The classpath includes necessary libraries and the mongot_deploy.jar file,
and it runs the MongotCli main class. This process also uses the key file for
authentication and stores its data in /data/mongot. It connects to the MongoDB
server on localhost:27017. This process is owned by UID 997.

13.4.2 Executing into the container

The final test is logging into the MongoDB Atlas container using docker exec. The
command is docker exec -it <container ids> /bin/bash. The command docker ps
provides the container ID:

docker exec -it b32351f3a7c¢7 /bin/bash

After executing the command, I successfully logged in to the container with ID
b32351f3a7c7, which is running on my local machine as the default user. The prompt
bash-5.1$ indicates that I'm inside the container’s bash shell but without root privileges:

bash-5.1$

After executing into the container, navigate to the /opt/mongot/ directory using the
command cd /opt/mongot/

bash-5.1$ cd /opt/mongot/

bash-5.1$ 1ls

LICENSE. txt README.md
THIRD_PARTY NOTICES.txt
bin exampleIndexDefinition.json
indexManager lib mongot

bash-5.1$

The directory contains important files and directories, including license information,
instructions, third-party-component listings, executables, an example index definition
file, index management files, libraries, and components related to mongot.
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Display the README.md file using the cat command to thoroughly understand the
concept of the local Atlas cluster and mongot process:

cat README.md

“mongot” runs as a separate process alongside “mongod”.
When configured, “mongot”~ handles requests related to search
and index management for “mongod.

The mongot binary for local development is in Private Preview.
It is available for testing in order to gather feedback.
Do not use the mongot binary for production deployments.

## Setup

1. Create a keyfile for the connection between mongod and mongot.
* “mkdir data && echo keyfile > data/keyfile && chmod 600 data/keyfile”
* If you already have replication enabled you don't
need to create another keyfile, and you
can keep your existing “replSetName~™ and “keyFile~
configurations in the following step.

2. Configure mongod
* If you're using a configuration file, add these lines:

ST Tyaml

replication:
replSetName: rs0

security:
keyFile: data/keyfile

setParameter:
mongotHost: localhost:27027
searchIndexManagementHostAndPort: localhost:27027

* Tf you're using command line flags, add these:
“~"shell
--replSet rsO
--keyFile data/keyfile
--setParameter "mongotHost=localhost:27027"
--setParameter "searchIndexManagementHostAndPort=localhost:27027"
3. Restart mongod. If a new replica set was created,
connect and run “rs.initiate ()~
4. Start mongot: ~./mongot --mongodHostAndPort=localhost:27017
—-keyfile=data/keyfile”
* Other optional arguments include:
* “--data-dir”: where mongot should persist data.
The default value is to data/mongot.
* “--log-path™: location where mongot should write logs.
The default is to print to stdout.
5. Test the local Atlas Search server.
~~~3jg
db.coll.createSearchIndex ({"mappings": {"dynamic": true}})
db.coll.aggregate ([{"$listSearchIndexes": {}}1)
db.coll.dropSearchIndex ("default")
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mongot operates as a separate process alongside mongod, handling search and index
management requests. It’s designed for local development and currently in private
preview, which means that it’s available for testing and feedback but is not recom-
mended for production use.

The secure communication between mongod and mongot is established with a
keyfile, which ensures that only authorized processes can join the replica set and
interact with one another.

The mongod configuration includes replication settings, the location of the security
key file, and parameters for mongotHost and searchIndexManagementHostAndPort
These configurations direct mongod on how to connect to mongot and manage search
indexes.

After you configure mongod, you must restart. If a new replica set is created, the ini-
tialization command rs.initiate () is executed to set up the replica set.

When mongod is set up, mongot starts with the necessary parameters, including
mongodHostAndPort and the keyfile location. Optional parameters for mongot specify
the directory for data persistence and the log path for logging activities.

To test the local Atlas Search server, you can use mongosh commands to create a
search index, list existing search indexes, and drop a search index. This testing verifies
that the search and index management functionalities of mongod and mongot are oper-
ating correctly.

Creating search indexes

You can run queries in your local MongoDB Atlas cluster by using not only the
MongoDB database but also features such as full-text search and vector search, which
are provided through the integration of mongod with Apache Lucene via the mongot
process. The mongosh method db.collection.createSearchIndex () providesa wrap-
per around the createSearchIndexes database command.

Executing full-text search locally

After logging in to the local cluster, you can create a full-text search index using
the db.collection.createSearchIndex() wrapper. (Chapter 11 discusses full-text
search.) Because this environment is a test environment, use dynamic mapping:

use sample_training
db.inspections.createSearchIndex (
"LocalSearchIndex",
{ mappings: { dynamic: true } }

This command creates a search index in the local Atlas cluster. You can verify it by run-
ning the getSearchIndexes () method:

db.inspections.getSearchIndexes ()
[
{
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id: '66afda78a85a4d1064106881"',

name: 'LocalSearchIndex',

type: 'search',

status: 'READY',

queryable: true,

latestVersion: 0,

latestDefinition: { mappings: { dynamic: true, fields: {} } }

Now you can perform full-text queries with the search index named LocalSearch-
Index. The following listing shows how to perform an advanced full-text search query
in a MongoDB collection using the Atlas Search functionality locally.

Listing 13.2 Executing a full-text search locally

Performs a full-text search

db.inspections.aggregate ([ with fuzzy matching
{
$search: { Specifies the name of

index: 'LocalSearchIndex', the search index

text: {
query: 'No Violation Issued', The text you want
path: ['result', 'business_name'], to search for
fuzzy: |

maxEdits: 2 Allows up to two The fields you

1 typographical errors want to search in

}
i

{ Additional filter criteria
$match: {

sector: 'Cigarette Retail Dealer - 127', < Filters by sector

'address.city': 'RIDGEWOOD' 4———1
1 Filters by city

I
$addFields: {

{
Includes the search
score: { $meta: "searchScore" }

score in the results

{ Sorts the results by search
gsort: { score in descending order

{ Limits the results
Slimit: 3 to the top three

1

{ Specifies the fields

$project: { to include in the output

_id: o,
business_name: 1, Excludes _id from
certificate_number: 1, the result
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date: 1,

result: 1,
'address.street': 1,
'address.number': 1,
'address.zip': 1,

} score: 1 ¢ Includes the search score

}
1

The query uses fuzzy search to handle typographical errors, filters results based on
specific criteria, sorts the results by relevance score, and limits the output to the top
three entries. It also demonstrates how to include the search score in the final output
for better understanding of the relevance of each result:

{

certificate number: 50063474,
business name: 'GRACE NY INC',
date: 'Nov 22 2015',
result: 'No Violation Issued',
address: { zip: 11385, street: 'WOODWARD AVE', number: 466 },
score: 1.7540767192840576
}
{
certificate number: 50065725,
business name: 'GRACE NY INC',
date: 'Dec 19 2015',
result: 'No Violation Issued',
address: { zip: 11385, street: 'WOODWARD AVE', number: 466 },
score: 1.7540767192840576
1
{
certificate number: 50063482,
business _name: 'WALGREEN EASTERN CO., INC.',
date: 'Nov 22 2015',
result: 'No Violation Issued',
address: { zip: 11385, street: 'METROPOLITAN AVE', number: 5802 },
score: 1.637845516204834

The query performed a full-text search with fuzzy matching using the specified index
LocalSearchIndex. It searched for the text "No Violation Issued" within the fields
result and business_name, allowing up to two typographical errors. Additional filters
were applied to limit the results to the sector "Cigarette Retail Dealer - 127" and the
city "RIDGEWOOD". The search score was included in the results and used to sort them
in descending order. The results were limited to the top three matches and included
specific fields in the output. The query returned three results with the highest score.
You can find more examples of full-text search in chapter 11.
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If you want to delete this index, use the command db.collection

.dropSearchIndex (<name>):

db.inspections.dropSearchIndex ("LocalSearchIndex")

After you run the command, the index LocalSearchIndex will be dropped.

Executing vector search locally

Switch to the sample mflix database, and create a vector search index on the plot
embedding field of the embedded movies collection. (This collection already has
embeddings in the plot_embedding field, as explained in chapter 12.) This field is
configured as a knnVector with 1,536 dimensions and Euclidean similarity:

use sample mflix
db.embedded movies.createSearchIndex ({
"mame": "vectorSearchlIndex",
"mappings":
"dynamic": true,
"fields": {
"plot embedding": {
"type": "knnVector",
"dimensions": 1536,
"similarity": "euclidean"

}
}
N

A knnvector with 1,536 dimensions and Euclidean similarity means that the field is
used for k-nearest neighbors (k-NN) searches, specifically for approximate nearest
neighbor (ANN) searches, which identify the closest points in a multidimensional
space based on a similarity measure. The vector has 1,536 numerical values, repre-
senting its position in a 1,536-dimensional space, with each dimension corresponding
to a specific feature or attribute of the data. The similarity between vectors is mea-
sured using Euclidean distance, which calculates the straight-line distance between two
points in this high-dimensional space. Run getSearchIndexes () to display the vector
search index:

db.embedded movies.getSearchIndexes ()
[
{

id: '66afe77ea85a4d1064106885",

name: 'default',

type: 'search',

status: 'READY',

queryable: true,

latestVersion: 0,

latestDefinition:

mappings: {
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dynamic: true,
fields: {
plot embedding: {
type: 'knnVector',
dimensions: 1536,
similarity: 'euclidean'

Chapter 14 delves deeper into Atlas Vector Search and methods for creating embed-
dings automatically, executing queries using semantic search, and creating Al chatbots
using a local Atlas cluster.

Summary

You can use the Atlas CLI to develop locally with MongoDB Atlas deployments,
including Atlas Search and Atlas Vector Search. This enables the creation of full-
text search or Al-powered applications in your preferred development environ-
ment. The Atlas CLI handles setup, connections, and management tasks from
development to production. For full-text search, the Atlas CLI allows you to cre-
ate and manage Atlas Search indexes locally and in the cloud.

Running a local Atlas cluster requires Docker to be installed. Docker is a light-
weight containerization platform that simplifies how applications are deployed
and managed. It enables consistent operation across various environments by
bundling applications with their dependencies.

Using Docker with Atlas locally ensures consistent application performance
across environments and isolates the MongoDB environment, preventing con-
flicts with other applications. Docker also simplifies scaling the local Atlas cluster
for testing and development, streamlines the setup process with preconfigured
containers, and enables easy movement and replication of the local setup across
systems.

To create your local Atlas cluster, you can use the command atlas deployments
setup --type local. This command guides you through the setup process,
prompting you for deployment settings and providing default values.

You can use atlas deployments to manage your local cluster. This command lets
you stop, start, and connect to the database, view logs, and delete your cluster.
The Atlas CLI currently does not support loading a sample data set for local clus-
ters. Instead, you can download the sample data set and import it into the cluster
using mongorestore.

mongot runs as a distinct process alongside mongod, focusing on search function-
ality. When configured, mongot processes search queries and manages indexes,
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allowing mongod to handle the core database operations efficiently. This separa-
tion of concerns optimizes performance and scalability for applications using
MongoDB with advanced search capabilities.

You can use the db.collection.createSearchIndex() wrapper around the
createSearchIndex database command to create a full-text search index
in the local Atlas cluster. To verify the existence of the index, you can use the
getSearchIndexes () method.

To drop an index, use the db.collection.dropSearchIndex (<name>) monogsh
wrapper around the dropSearchIndex database command.

You can manage Atlas Search and Vector Search indexes using the atlas
deployments search indexes create command locally and in the cloud.
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This chapter covers
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generation and MongoDB

Localizing Atlas Vector Search within RAG
Orchestrating the RAG pattern with LangChain
Building a generative Al chatbot

Playing with the LangServe playground

Large language model (LMM) hallucinations occur when the model generates
information that isn’t based on facts or given inputs. These errors can be made-up
details, wrong facts, or believable but incorrect responses. They happen because
LMMs like GPT-4 generate text from patterns they learned during training, not
by checking facts. As a result, they may produce content that looks right but isn’t
accurate. Reducing these mistakes is important for the reliability of LMMs. Meth-
ods include improving training data quality, using real-time fact-checking, adding
better verification systems, and using retrieval-augmented generation (RAG), which

358



Gaining insight into retrieval-augmented generation 359

combines generating text with real-time information retrieval to improve accuracy.
MongoDB Atlas Vector Search can serve as a key component for storing and retrieving
data that RAG systems rely on, ensuring that LLLMs have access to accurate, up-to-date
information during the generation process.

RAG is a pattern that enhances the accuracy of language models by integrating text
generation with information retrieval techniques. This approach allows the model to
access relevant data from external sources during the generation process, reducing the
likelihood of producing incorrect or fabricated information. RAG uses a vector database
like Atlas Search to store and retrieve high-dimensional data such as text embeddings,
enabling the model to efficiently find and use the most relevant information during the
text generation process, significantly reducing the chances of hallucinations.

RAG is employed across various applications to enhance the accuracy and reliability
of language models. In chatbots, RAG ensures that responses are precise and grounded
in relevant, real-time information. In customer support, it helps deliver up-to-date assis-
tance by retrieving the latest data. In technical assistance, RAG enables accurate answers
by accessing verified technical resources. For academic research, it aids in producing
comprehensive reviews by sourcing data from multiple scholarly articles. In content
creation, RAG integrates relevant and verified information, ensuring that the gener-
ated contentis accurate and credible.

14.1 Gaining insight into retrieval-augmented generation

From a high-level perspective, the RAG pattern operates as illustrated in figure 14.1.

@ @ Embedding

model
PDF —e | Documents (XX Documents | —e | Documents oo Documents ‘
@ 0.9 [0.02[0.1] ... 0.9 [0.08] 0.1
0.9 [0.09| 0.1 ... 0.9 {0.09/ 0.1

@ Storage
O, O]
embeddings

[0 ]oosfo1 ] ... ]

’7 Document chunks similar to questions
° Prompt prep —e | LLM model ‘ —e <Your answer)

Figure 14.1 RAG paradigm step by step (Image © MongoDB 2024 CC BY-NC-SA 3.0)
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The RAG process breaks down into several key steps:

Steps 1 and 2—The process starts with documents, such as PDFs, Microsoft Word
documents, and other text-based files, that are broken into small, manageable
chunks of text. Typically, these documents are rich in information and may con-
tain detailed content on a specific topic.

The first technical step involves parsing these documents to extract the raw text,
which is then segmented into smaller coherent chunks. Each chunk usually rep-
resents a complete piece of information, such as a paragraph or section, making
it easier for the system to process and retrieve relevant data later. When pro-
cessed, these documents become the source of truth for the system, meaning that
the responses generated by the model are grounded in and derived directly from
the information contained within these documents.

Step 3—The process passes the text chunks through an embedding model. This
model converts each chunk to a high-dimensional vector representation, cap-
turing the semantic meaning of the text in a format that is easy to compare and
search against other vectors.

Step 4—The vector representations are stored in a vector database. This database
is optimized for storing and quickly retrieving high-dimensional data, making it
easier to find and access relevant information.

Step 5—When a user submits a query, it is similarly processed by the embedding
model, converting the query to a vector representation that encapsulates the
semantic content of the user’s question.

Step 6—The query vector is compared against the stored vectors in the vector
database through a process known as vector search. This step identifies the most
semantically similar document chunks that are relevant to the query.

Step 7—The relevant document chunks retrieved from the vector search are assem-
bled into a prompt that provides context-rich input for the language model.

Step S—The LLM uses this prompt to generate a response that is informed by the
retrieved information, ensuring that the output is accurate and grounded in the
source-of-truth documents processed earlier in the workflow.

The process uses a vector database to ensure that the responses generated by the LLM
are accurate and contextually relevant. Documents are parsed into chunks, converted
to vector representations, and stored in the database. When a query is made, it is
transformed into a vector and matched against the stored vectors. Then the retrieved
relevant information is used to generate a response, ensuring that the LLM’s output
is grounded in verified data. The vector database is essential for efficient retrieval,
directly enhancing the quality and reliability of the LLM’s responses.

Embedding LangChain in the RAG ecosystem

Building a generative Al (GenAl) application that relies on the RAG model without the
right tools can be extremely challenging and inefficient. RAG requires seamless inte-
gration among multiple components: LLMs, embedding models, and vector databases
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like MongoDB Atlas Vector Search, all of which must work together to retrieve and
use relevant information in real time. Without the right tools, you would have to man-
age the complex interactions between these systems manually, such as by generating
embeddings, storing them in a vector database, and ensuring that the LLM can query
this database effectively to retrieve contextually appropriate information. This process
requires a deep understanding of both machine learning and system architecture,
as well as the technical expertise to integrate these diverse components in a way that
maintains efficiency and accuracy.

Two of the best frameworks that address these challenges are LangChain and Llama-
Index. Although Llamalndex is a powerful tool for building datacentric applications, in
this book, I focus on using LangChain due to its versatility and robust integration capa-
bilities. LangChain offers a broad range of tools and features that are essential for the
topics we will explore. It is a sophisticated framework that facilitates the development
of AI applications by seamlessly integrating LLMs with various external data sources
and computational tools. This framework is designed to manage complex workflows
that require not only text generation but also advanced data retrieval and processing.
Figure 14.2 illustrates how LangChain and Llamalndex are embedded in the ecosystem
for developing GenAl applications based on the RAG pattern.

Natural-language user input received

Developer frameworks

Llamalndex LangChain

_( Data sources )_ _@ectorembeddinga_ _‘ LLM prompted )_ —{  Applications )_

@ OpenAl @ openal
* Metadata i

Hugging Face - Content chunks (&R Husging Face

& cohere ector embeddings ANTHROP\C

* . « Vector indexes Created by

PDF - —e —o MISTRAL —
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or others aws
=
|

Figure 14.2 Embedding LangChain in the RAG pattern. Data from sources like databases, PDFs, and JSON files is
converted to vector embeddings using tools like OpenAl, Cohere, and Hugging Face. These embeddings are stored
and indexed in a database. Developer frameworks like Llamalndex and LangChain manage the processing, storing,
and indexing of these embeddings in databases, like MongoDB Atlas, along with metadata and context chunks.
When a natural-language input is received, the system retrieves relevant data from the vector index and prompts
the LLMs; then the generated output is delivered to the application. Also visible are Atlas Triggers, which react to
new documents in the database by automatically using tools like OpenAl to convert them to embeddings and store
them in the vector database. (Image © MongoDB 2024 CC BY-NC-SA 3.0)
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LangChain serves as a bridge that connects LLMs with external data sources and
computational tools. It orchestrates the entire process, starting with receiving natural-
language input from various sources, such as user queries in chatbots, databases,
transcribed speech, and text extracted from documents, emails, PDFs, and other
written formats. Then it manages the generation of vector embeddings using providers
like OpenAl, Cohere, and Hugging Face; it also oversees the storage and indexing of
these embeddings within a vector search index. This setup enables efficient retrieval
and contextual processing of data across formats, ensuring that LLMs can access and
use relevant information effectively in Al-driven applications.

One of LangChain’s key technical features is its ability to interact with vector
databases. These databases store high-dimensional vector representations of text,
which are generated by pretrained models. LangChain doesn’t generate these
embeddings directly; instead, it coordinates the process by which text data is passed
through an embedding model, converted to vectors, and stored in a database. Using
the langchain-mongodb package, LangChain can integrate with Atlas Vector Search, a
capability provided by MongoDB Atlas. This integration allows LangChain to store and
retrieve embeddings in MongoDB Atlas, using its vector search functionality to find
data efficiently based on semantic similarity.

Introducing the MongoDB Atlas Vector Search RAG template

MongoDB, in collaboration with LangChain, has developed a RAG template called
mongo-ra that uses MongoDB Atlas Vector Search and OpenAl. This template makes it
easy for developers to build and deploy chatbot applications on their proprietary data.
LangChain Template provides a reference architecture that can be readily deployed
as a REST API using LangServe, making the integration straightforward and efficient.
You can check the project in the GitHub langchain-ai repo at https://github.com/
langchain-ai/langchain.

LangServe is a framework for deploying LangChain models as REST APIs. It inte-
grates with FastAPT and uses pydantic for datavalidation, automatically inferring input
and output schemas from LangChain objects. LangServe supports invoking, batching,
and streaming endpoints, making it suitable for real-time Al applications. It includes
built-in tracing and uses Python libraries like uvloop and asyncio to handle concurrent
requests.

Also, when you deploy your chain using LangServe, you gain access to a built-in play-
ground. This playground allows you to modify configurable parameters, experiment
with different inputs, and see the responses streamed in real time, enhancing the devel-
opment and testing experience.

Getting started with Al chatbots

In this section, you use OpenAl’s GPT-4 model to build a chatbot that answers ques-
tions about MongoDB Atlas best practices. To minimize the risk of hallucinations, which
occur when the model generates inaccurate or misleading information by relying
solely on learned patterns, you will implement RAG.
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In this setup, the chatbot not only generates answers but also retrieves relevant, ver-
ified information from an Atlas Vector Search database. This vector database stores
embeddings generated from prevalidated data extracted from a PDF file of MongoDB
documentation (from https://mng.bz/PwxP), specifically about Atlas. By using this
data as context for queries sent to the LLM, the chatbot can provide more reliable,
precise answers. The entire setup will be orchestrated by LangChain, ensuring seamless
integration and management of all components.

Technically, this process involves embedding the user’s query in a vector space and
then using this vector to search the database for the most relevant documents. The
retrieved documents are used as additional context for the GPT-4 model to generate
the final response. This approach significantly reduces the likelihood of errors and
improves the reliability of the chatbot by ensuring that it references accurate, up-to-
date information when generating responses.

Describing LangChain capabilities

LangChain is a framework for building applications that use LLMs, with one use case
being the development of Al-powered chatbots. It is available through the Python
LangChain library as well as the JavaScript LangChain. This chapter focuses on the
Python version.

LangChain consists of several open source libraries, each serving a distinct purpose
in the overall architecture. These libraries work together to provide a toolset for build-
ing, integrating, and deploying LLM-powered applications. The LangChain framework
includes these key components:

langchain-core—Provides base abstractions and the LangChain Expression
Language. It serves as the foundational layer for language model-powered
applications.

langchain-community—~Facilitates third-party integrations. This library makes it
easy for developers to connect LangChain with a variety of external tools and
services.

Partner packages (e.g., langchain-openai and langchain-mongodb )—Split certain
integrations into their own lightweight packages that depend only on langchain
-core. These packages simplify the integration process by focusing on specific
APIs and services.

langchain—Contains the chains, agents, and retrieval strategies that form an
application’s cognitive architecture. It provides the essential components to
build intelligent and responsive applications.

LangGraph—LEnables the construction of robust, stateful multifactor applica-
tions with LLMs by modeling steps as edges and nodes in a graph. This approach
ensures a clear, scalable structure for managing complex workflows.
LangServe—Allows deployment of LangChain chains as REST APIs. It makes it
easy to turn your LangChain models into accessible, scalable web services.
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LangSmith—Provide a developer platform designed for debugging, testing, evalu-
ating, and monitoring LLM applications. It offers comprehensive tools to ensure
that your models are performing optimally throughout the development life cycle.

TIP If you want to discover more LangChain features, see the official Lang-
Chain website (https://mng.bz/Mw07).

14.4.2 Startin