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Preface

How This Book Is Organized

This book is split up into six sections, covering development, administration, and
deployment information.

Getting Started with MongoDB

In Chapter 1 we provide background on MongoDB: why it was created, the goals it is
trying to accomplish, and why you might choose to use it for a project. We go into
more detail in Chapter 2, which provides an introduction to the core concepts and
vocabulary of MongoDB. Chapter 2 also provides a first look at working with Mon-
goDB, getting you started with the database and the shell. The next two chapters
cover the basic material that developers need to know to work with MongoDB. In
Chapter 3, we describe how to perform those basic write operations, including how to
do them with different levels of safety and speed. Chapter 4 explains how to find
documents and create complex queries. This chapter also covers how to iterate
through results and gives options for limiting, skipping, and sorting results.

Developing with MongoDB

Chapter 5 covers what indexing is and how to index your MongoDB collections.
Chapter 6 explains how to use several special types of indexes and collections. Chap-
ter 7 covers a number of techniques for aggregating data with MongoDB, including
counting, finding distinct values, grouping documents, the aggregation framework,
and writing these results to a collection. Chapter 8 introduces transactions: what they
are, how best to use them for your application, and how to tune. Finally, this section
finishes with a chapter on designing your application: Chapter 9 goes over tips for
writing an application that works well with MongoDB.

XV



Replication

The replication section starts with Chapter 10, which gives you a quick way to set up
a replica set locally and covers many of the available configuration options. Chap-
ter 11 then covers the various concepts related to replication. Chapter 12 shows how
replication interacts with your application and Chapter 13 covers the administrative
aspects of running a replica set.

Sharding

The sharding section starts in Chapter 14 with a quick local setup. Chapter 15 then
gives an overview of the components of the cluster and how to set them up. Chap-
ter 16 has advice on choosing a shard key for a variety of applications. Finally, Chap-
ter 17 covers administering a sharded cluster.

Application Administration

The next two chapters cover many aspects of MongoDB administration from the per-
spective of your application. Chapter 18 discusses how to introspect what MongoDB
is doing. Chapter 19 covers security in MongoDb and how to configure authentica-
tion as well as authorization for your deployment. Chapter 20 explains how Mon-
goDB stores data durably.

Server Administration

The final section is focused on server administration. Chapter 21 covers common
options when starting and stopping MongoDB. Chapter 22 discusses what to look for
and how to read stats when monitoring. Chapter 23 describes how to take and restore
backups for each type of deployment. Finally, Chapter 24 discusses a number of sys-
tem settings to keep in mind when deploying MongoDB.

Appendixes

Appendix A explains MongoDB’s versioning scheme and how to install it on Win-
dows, OS X, and Linux. Appendix B details how MongoDB works internally: its stor-
age engine, data format, and wire protocol.

Conventions Used in This Book

The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, collection names, database names,
filenames, and file extensions.
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Constant width
Used for program listings, as well as within paragraphs to refer to program ele-
ments such as variable or function names, command-line utilities, environment
variables, statements, and keywords.

Constant width bold
Shows commands or other text that should be typed literally by the user.

Constant width italic
Shows text that should be replaced with user-supplied values or by values deter-
mined by context.

This element signifies a tip or suggestion.

This element signifies a general note.

This element indicates a warning or caution.

N

Using Code Examples

Supplemental material (code examples, exercises, etc.) is available for download at
https://github.com/mongodb-the-definitive-guide-3e/mongodb-the-definitive-guide-3e.

If you have a technical question or a problem using the code examples, please send
email to bookquestions@oreilly.com.

This book is here to help you get your job done. In general, if example code is offered
with this book, you may use it in your programs and documentation. You do not
need to contact us for permission unless youre reproducing a significant portion of
the code. For example, writing a program that uses several chunks of code from this
book does not require permission. Selling or distributing examples from O’Reilly
books does require permission. Answering a question by citing this book and quoting
example code does not require permission. Incorporating a significant amount of
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example code from this book into your product’s documentation does require per-
mission.

We appreciate, but generally do not require, attribution. An attribution usually
includes the title, author, publisher, and ISBN. For example: “MongoDB: The Defini-
tive Guide, Third Edition by Shannon Bradshaw, Eoin Brazil, and Kristina Chodorow
(O’Reilly). Copyright 2020 Shannon Bradshaw and Eoin Brazil, 978-1-491-95446-1”

If you feel your use of code examples falls outside fair use or the permission given
above, feel free to contact us at permissions@oreilly.com.

0'Reilly Online Learning

o » For more than 40 years, O’'Reilly Media has provided technol-
O REILLY ogy and business training, knowledge, and insight to help

companies succeed.

Our unique network of experts and innovators share their knowledge and expertise
through books, articles, conferences, and our online learning platform. O’Reilly’s
online learning platform gives you on-demand access to live training courses, in-
depth learning paths, interactive coding environments, and a vast collection of text
and video from O’Reilly and 200+ other publishers. For more information, please
visit http://oreilly.com.

How to Contact Us

Please address comments and questions concerning this book to the publisher:

O'Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

We have a web page for this book, where we list errata, examples, and any additional
information. You can access this page at https://oreil.ly/mongoDB_TDG_3e.

Email bookquestions@oreilly.com to comment or ask technical questions about this
book.

For more information about our books, courses, conferences, and news, see our web-
site at http://www.oreilly.com.

Find us on Facebook: http://facebook.com/oreilly
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PARTI

Introduction to MongoDB






CHAPTER1
Introduction

MongoDB is a powerful, flexible, and scalable general-purpose database. It combines
the ability to scale out with features such as secondary indexes, range queries, sorting,
aggregations, and geospatial indexes. This chapter covers the major design decisions
that made MongoDB what it is.

Ease of Use

MongoDB is a document-oriented database, not a relational one. The primary reason
for moving away from the relational model is to make scaling out easier, but there are
some other advantages as well.

A document-oriented database replaces the concept of a “row” with a more flexible
model, the “document.” By allowing embedded documents and arrays, the document-
oriented approach makes it possible to represent complex hierarchical relationships
with a single record. This fits naturally into the way developers in modern object-
oriented languages think about their data.

There are also no predefined schemas: a document’s keys and values are not of fixed
types or sizes. Without a fixed schema, adding or removing fields as needed becomes
easier. Generally, this makes development faster as developers can quickly iterate. It is
also easier to experiment. Developers can try dozens of models for the data and then
choose the best one to pursue.




Designed to Scale

Dataset sizes for applications are growing at an incredible pace. Increases in available
bandwidth and cheap storage have created an environment where even small-scale
applications need to store more data than many databases were meant to handle. A
terabyte of data, once an unheard-of amount of information, is now commonplace.

As the amount of data that developers need to store grows, developers face a difficult
decision: how should they scale their databases? Scaling a database comes down to
the choice between scaling up (getting a bigger machine) or scaling out (partitioning
data across more machines). Scaling up is often the path of least resistance, but it has
drawbacks: large machines are often very expensive, and eventually a physical limit is
reached where a more powerful machine cannot be purchased at any cost. The alter-
native is to scale out: to add storage space or increase throughput for read and write
operations, buy additional servers, and add them to your cluster. This is both cheaper
and more scalable; however, it is more difficult to administer a thousand machines
than it is to care for one.

MongoDB was designed to scale out. The document-oriented data model makes it
easier to split data across multiple servers. MongoDB automatically takes care of bal-
ancing data and load across a cluster, redistributing documents automatically and
routing reads and writes to the correct machines, as shown in Figure 1-1.

Application | | Application | | Application
Driver Driver Driver
N 1 §)
Config server
v

E?gﬂ%g Config server
/\K Config server

Shard Shard

Data Data

Figure 1-1. Scaling out MongoDB using sharding across multiple servers

The topology of a MongoDB cluster, or whether there is in fact a cluster rather than a
single node at the other end of a database connection, is transparent to the applica-
tion. This allows developers to focus on programming the application, not scaling it.
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Likewise, if the topology of an existing deployment needs to change in order to, for
example, scale to support greater load, the application logic can remain the same.

Rich with Features...

MongoDB is a general-purpose database, so aside from creating, reading, updating,
and deleting data, it provides most of the features you would expect from a database
management system and many others that set it apart. These include:

Indexing
MongoDB supports generic secondary indexes and provides unique, compound,
geospatial, and full-text indexing capabilities as well. Secondary indexes on hier-
archical structures such as nested documents and arrays are also supported and
enable developers to take full advantage of the ability to model in ways that best
suit their applications.

Aggregation
MongoDB provides an aggregation framework based on the concept of data pro-
cessing pipelines. Aggregation pipelines allow you to build complex analytics
engines by processing data through a series of relatively simple stages on the
server side, taking full advantage of database optimizations.

Special collection and index types
MongoDB supports time-to-live (TTL) collections for data that should expire at a
certain time, such as sessions and fixed-size (capped) collections, for holding
recent data, such as logs. MongoDB also supports partial indexes limited to only
those documents matching a criteria filter in order to increase efficiency and
reduce the amount of storage space required.

File storage
MongoDB supports an easy-to-use protocol for storing large files and file
metadata.

Some features common to relational databases are not present in MongoDB, notably
complex joins. MongoDB supports joins in a very limited way through use of the
$lookup aggregation operator introduced in the 3.2 release. In the 3.6 release, more
complex joins are possible using multiple join conditions as well as unrelated subqu-
eries. MongoDB’s treatment of joins were architectural decisions to allow for greater
scalability, because both of those features are difficult to provide efficiently in a dis-
tributed system.
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...Without Sacrificing Speed

Performance is a driving objective for MongoDB, and has shaped much of its design.
It uses opportunistic locking in its WiredTiger storage engine to maximize concur-
rency and throughput. It uses as much RAM as it can as its cache and attempts to
automatically choose the correct indexes for queries. In short, almost every aspect of
MongoDB was designed to maintain high performance.

Although MongoDB is powerful, incorporating many features from relational sys-
tems, it is not intended to do everything that a relational database does. For some
functionality, the database server offloads processing and logic to the client side (han-
dled either by the drivers or by a user’s application code). Its maintenance of this
streamlined design is one of the reasons MongoDB can achieve such high
performance.

The Philosophy

Throughout this book, we will take the time to note the reasoning or motivation
behind particular decisions made in the development of MongoDB. Through those
notes we hope to share the philosophy behind MongoDB. The best way to summarize
the MongoDB project, however, is by referencing its main focus—to create a full-
featured data store that is scalable, flexible, and fast.
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CHAPTER 2

Getting Started

MongoDB is powerful but easy to get started with. In this chapter we'll introduce
some of the basic concepts of MongoDB:

A document is the basic unit of data for MongoDB and is roughly equivalent to a
row in a relational database management system (but much more expressive).

Similarly, a collection can be thought of as a table with a dynamic schema.

A single instance of MongoDB can host multiple independent databases, each of
which contains its own collections.

Every document has a special key, "_1d", that is unique within a collection.

MongoDB is distributed with a simple but powerful tool called the mongo shell.
The mongo shell provides built-in support for administering MongoDB instances
and manipulating data using the MongoDB query language. It is also a fully func-
tional JavaScript interpreter that enables users to create and load their own
scripts for a variety of purposes.

Documents

At the heart of MongoDB is the document: an ordered set of keys with associated val-
ues. The representation of a document varies by programming language, but most
languages have a data structure that is a natural fit, such as a map, hash, or dictionary.
In JavaScript, for example, documents are represented as objects:

{"greeting" : "Hello, world!"}

This simple document contains a single key, "greeting"”, with a value of "Hello,
world!". Most documents will be more complex than this simple one and often will
contain multiple key/value pairs:




{"greeting" : "Hello, world!", "views" : 3}

As you can see, values in documents are not just “blobs” They can be one of several
different data types (or even an entire embedded document—see “Embedded Docu-
ments” on page 19). In this example the value for "greeting” is a string, whereas the
value for "views" is an integer.

The keys in a document are strings. Any UTF-8 character is allowed in a key, with a
few notable exceptions:

o Keys must not contain the character \0 (the null character). This character is
used to signify the end of a key.

o The . and $ characters have some special properties and should be used only in
certain circumstances, as described in later chapters. In general, they should be
considered reserved, and drivers will complain if they are used inappropriately.

MongoDB is type-sensitive and case-sensitive. For example, these documents are
distinct:

{"count" : 5}
{"count" : "5"}

as are these:

{"count" : 5}
{"Count" : 5}

A final important thing to note is that documents in MongoDB cannot contain dupli-
cate keys. For example, the following is not a legal document:

{"greeting" : "Hello, world!", "greeting" : "Hello, MongoDB!"}

Collections

A collection is a group of documents. If a document is the MongoDB analog of a row
in a relational database, then a collection can be thought of as the analog to a table.

Dynamic Schemas

Collections have dynamic schemas. This means that the documents within a single
collection can have any number of different “shapes.” For example, both of the follow-
ing documents could be stored in a single collection:

{"greeting" : "Hello, world!", "views": 3}

{"signoff": "Good night, and good luck"}
Note that the previous documents have different keys, different numbers of keys, and
values of different types. Because any document can be put into any collection, the
question often arises: “Why do we need separate collections at all?” With no need for
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separate schemas for different kinds of documents, why should we use more than one
collection? There are several good reasons:

 Keeping different kinds of documents in the same collection can be a nightmare
for developers and admins. Developers need to make sure that each query is only
returning documents adhering to a particular schema or that the application
code performing a query can handle documents of different shapes. If were
querying for blog posts, it’s a hassle to weed out documents containing author
data.

o It’s much faster to get a list of collections than to extract a list of the types of
documents in a collection. For example, if we had a "type" field in each docu-
ment that specified whether the document was a “skim,” “whole,” or “chunky
monkey;” it would be much slower to find those three values in a single collection

than to have three separate collections and query the correct collection.

 Grouping documents of the same kind together in the same collection allows for
data locality. Getting several blog posts from a collection containing only posts
will likely require fewer disk seeks than getting the same posts from a collection
containing posts and author data.

o We begin to impose some structure on our documents when we create indexes.
(This is especially true in the case of unique indexes.) These indexes are defined
per collection. By putting only documents of a single type into the same collec-
tion, we can index our collections more efficiently.

There are sound reasons for creating a schema and for grouping related types of
documents together. While not required by default, defining schemas for your appli-
cation is good practice and can be enforced through the use of MongoDB’s documen-
tation validation functionality and object-document mapping libraries available for
many programming languages.

Naming

A collection is identified by its name. Collection names can be any UTF-8 string, with
a few restrictions:

o The empty string ("") is not a valid collection name.

« Collection names may not contain the character \0 (the null character), because
this delineates the end of a collection name.

* You should not create any collections with names that start with system., a prefix
reserved for internal collections. For example, the system.users collection con-
tains the database’s users, and the system.namespaces collection contains informa-
tion about all of the database’s collections.
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o User-created collections should not contain the reserved character § in their
names. The various drivers available for the database do support using $ in col-
lection names because some system-generated collections contain it, but you
should not use $ in a name unless you are accessing one of these collections.

Subcollections

One convention for organizing collections is to use namespaced subcollections sepa-
rated by the . character. For example, an application containing a blog might have a
collection named blog.posts and a separate collection named blog.authors. This is for
organizational purposes only—there is no relationship between the blog collection (it
doesn’t even have to exist) and its “children.”

Although subcollections do not have any special properties, they are useful and are
incorporated into many MongoDB tools. For instance:

o GridFS, a protocol for storing large files, uses subcollections to store file meta-
data separately from content chunks (see Chapter 6 for more information about
GridFS).

o Most drivers provide some syntactic sugar for accessing a subcollection of a given
collection. For example, in the database shell, db.blog will give you the blog col-
lection, and db.blog. posts will give you the blog.posts collection.

Subcollections are a good way to organize data in MongoDB for many use cases.

Databases

In addition to grouping documents by collection, MongoDB groups collections into
databases. A single instance of MongoDB can host several databases, each grouping
together zero or more collections. A good rule of thumb is to store all data for a single
application in the same database. Separate databases are useful when storing data for
several applications or users on the same MongoDB server.

Like collections, databases are identified by name. Database names can be any UTF-8
string, with the following restrictions:

€

o The empty string (“”) is not a valid database name.

« A database name cannot contain any of these characters: /, \, ., ', %, <, >, ;, |, % $,

(a single space), or \0 (the null character). Basically, stick with alphanumeric
ASCIL.

« Database names are case-insensitive.

« Database names are limited to a maximum of 64 bytes.
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Historically, prior to the use of the WiredTiger storage engine, database names
became files on your filesystem. It is no longer the case. This explains why many of
the previous restrictions exist in the first place.

There are also some reserved database names, which you can access but which have
special semantics. These are as follows:

admin
The admin database plays a role in authentication and authorization. In addition,
access to this database is required for some administrative operations. See Chap-
ter 19 for more information about the admin database.

local
This database stores data specific to a single server. In replica sets, local stores
data used in the replication process. The local database itself is never replicated.
(See Chapter 10 for more information about replication and the local database.)

config
Sharded MongoDB clusters (see Chapter 14) use the config database to store

information about each shard.

By concatenating a database name with a collection in that database you can get a
fully qualified collection name, which is called a namespace. For instance, if you are
using the blog.posts collection in the cms database, the namespace of that collection
would be cms.blog.posts. Namespaces are limited to 120 bytes in length and, in prac-
tice, should be fewer than 100 bytes long. For more on namespaces and the internal
representation of collections in MongoDB, see Appendix B.

Getting and Starting MongoDB

To start the server, run the mongod executable in the Unix command-line environ-
ment of your choice:

$ mongod

2016-04-27T722:15:55.871-0400 I CONTROL [initandlisten] MongoDB starting :
pid=8680 port=27017 dbpath=/data/db 64-bit host=morty
2016-04-27T722:15:55.872-0400 I CONTROL [initandlisten] db version v4.2.0
2016-04-27T722:15:55.872-0400 I CONTROL [initandlisten] git version:
34e65e5383f7eal1726332cb175b73077ec4a1b02

2016-04-27T22:15:55.872-0400 I CONTROL [initandlisten] allocator: system

2016-04-27T22:15:55.872-0400 I CONTROL [initandlisten] modules: none
2016-04-27T22:15:55.872-0400 I CONTROL [initandlisten] build environment:
2016-04-27T22:15:55.872-0400 I CONTROL [initandlisten] distarch: x86_64
2016-04-27T22:15:55.872-0400 I CONTROL [initandlisten] target_arch: x86_64
2016-04-27T722:15:55.872-0400 I CONTROL [initandlisten] options: {}
2016-04-27T22:15:55.889-0400 I JOURNAL [initandlisten]

journal dir=/data/db/journal
2016-04-27T722:15:55.889-0400 I JOURNAL [initandlisten] recover :
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no journal files

present, no recovery needed
2016-04-27T22:15:55.909-0400 I JOURNAL
2016-04-27T22:15:55.909-0400 I JOURNAL
started

2016-04-27T22:15:55.909-0400 I CONTROL
2016-04-27T22:15:56.777-0400 I NETWORK

[durability] Durability thread started
[journal writer] Journal writer thread

[initandlisten]
[HostnameCanonicalizationWorker]

Starting hostname canonicalization worker

2016-04-27T722:15:56.778-0400 I FTDC

[initandlisten] Initializing full-time

diagnostic data capture with directory '/data/db/diagnostic.data’

2016-04-27T22:15:56.779-0400 I NETWORK
on port 27017

If youre on Windows, run this:

> mongod.exe

goDB documentation.

[initandlisten] waiting for connections

For detailed information on installing MongoDB on your system,
see Appendix A or the appropriate installation tutorial in the Mon-

When run with no arguments, mongod will use the default data directory, /data/db/
(or \data\db\ on the current volume on Windows). If the data directory does not
already exist or is not writable, the server will fail to start. It is important to create the
data directory (e.g., mkdir -p /data/db/) and to make sure your user has permission
to write to the directory before starting MongoDB.

On startup, the server will print some version and system information and then begin
waiting for connections. By default MongoDB listens for socket connections on port
27017. The server will fail to start if that port is not available—the most common
cause of this is another instance of MongoDB that is already running.

You should always secure your mongod instances. See Chapter 19
for more information on securing MongoDB.

You can safely stop mongod by typing Ctrl-C in the command-line-environment from

which you launched the mongod server.

Chapter 21.

For more information on starting or stopping MongoDB, see
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Introduction to the MongoDB Shell

MongoDB comes with a JavaScript shell that allows interaction with a MongoDB
instance from the command line. The shell is useful for performing administrative
functions, inspecting a running instance, or just exploring MongoDB. The mongo
shell is a crucial tool for using MongoDB. We'll use it extensively throughout the rest
of the text.

Running the Shell
To start the shell, run the mongo executable:

$ mongo

MongoDB shell version: 4.2.0
connecting to: test

>

The shell automatically attempts to connect to a MongoDB server running on the
local machine on startup, so make sure you start mongod before starting the shell.

The shell is a full-featured JavaScript interpreter, capable of running arbitrary Java-
Script programs. To illustrate this, let’s perform some basic math:

> x = 200;
200

> x [/ 5;
40

We can also leverage all of the standard JavaScript libraries:

> Math.sin(Math.PI / 2);

1

> new Date("20109/1/1");
ISODate('"2019-01-01T05:00:00Z")

> "Hello, World!".replace("World", "MongoDB");
Hello, MongoDB!

We can even define and call JavaScript functions:

> function factorial (n) {
. if (n <= 1) return 1;
. return n * factorial(n - 1);

> faitorial(s);

120
Note that you can create multiline commands. The shell will detect whether the Java-
Script statement is complete when you press Enter. If the statement is not complete,
the shell will allow you to continue writing it on the next line. Pressing Enter three
times in a row will cancel the half-formed command and get you back to the >
prompt.
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A MongoDB Client

Although the ability to execute arbitrary JavaScript is useful, the real power of the
shell lies in the fact that it is also a standalone MongoDB client. On startup, the shell
connects to the fest database on a MongoDB server and assigns this database connec-
tion to the global variable db. This variable is the primary access point to your Mon-
goDB server through the shell.

To see the database to which db is currently assigned, type in db and hit Enter:

> db
test

The shell contains some add-ons that are not valid JavaScript syntax but were imple-
mented because of their familiarity to users of SQL shells. The add-ons do not pro-
vide any extra functionality, but they are nice syntactic sugar. For instance, one of the
most important operations is selecting which database to use:

> use video
switched to db video

Now if you look at the db variable, you can see that it refers to the video database:

> db
video

Because this is a JavaScript shell, typing a variable name will cause the name to be
evaluated as an expression. The value (in this case, the database name) is then
printed.

You may access collections from the db variable. For example:

> db.movies

returns the movies collection in the current database. Now that we can access a collec-
tion in the shell, we can perform almost any database operation.

Basic Operations with the Shell

We can use the four basic operations, create, read, update, and delete (CRUD), to
manipulate and view data in the shell.

Create

The insertOne function adds a document to a collection. For example, suppose we
want to store a movie. First, we'll create a local variable called movie that is a Java-
Script object representing our document. It will have the keys "title", "director”,
and "year" (the year it was released):
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> movie = {"title" : "Star Wars: Episode IV - A New Hope",
.. "director" : "George Lucas",
. "year" : 1977}

"title" : "Star Wars: Episode IV - A New Hope",
"director" : "George Lucas",
"year" : 1977

}

This object is a valid MongoDB document, so we can save it to the movies collection
using the insertOne method:

> db.movies.insertOne(movie)
{

"acknowledged" : true,

"insertedId" : ObjectId("5721794b349c32b32a012b11")
}

The movie has been saved to the database. We can see it by calling find on the
collection:

> db.movies.find().pretty()

{
" 1d" : ObjectId("5721794b349c32b32a012b11"),
"title" : "Star Wars: Episode IV - A New Hope",
"director" : "George Lucas",
"year" : 1977

}

We can see that an "_1d" key was added and that the other key/value pairs were saved
as we entered them. The reason for the sudden appearance of the "_id" field is
explained at the end of this chapter.

Read

find and findOne can be used to query a collection. If we just want to see one docu-
ment from a collection, we can use findOne:

> db.movies.findOne()

{
" 1d" : ObjectId("5721794b349c32b32a012b11"),
"title" : "Star Wars: Episode IV - A New Hope",
"director" : "George Lucas",
"year" : 1977

}

find and findOne can also be passed criteria in the form of a query document. This
will restrict the documents matched by the query. The shell will automatically display
up to 20 documents matching a find, but more can be fetched. (See Chapter 4 for
more information on querying.)
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Update

If we would like to modify our post, we can use updateOne. updateOne takes (at least)
two parameters: the first is the criteria to find which document to update, and the
second is a document describing the updates to make. Suppose we decide to enable
reviews for the movie we created earlier. We'll need to add an array of reviews as the
value for a new key in our document.

To perform the update, we'll need to use an update operator, set:

> db.movies.updateOne({title : "Star Wars: Episode IV - A New Hope"},

... {$set : {reviews: []1}})
WriteResult({"nMatched": 1, "nUpserted": 0, "nModified": 1})

Now the document has a "reviews" key. If we call find again, we can see the new
key:

> db.movies.find().pretty()

{
"_1d" : ObjectId("5721794b349c32b32a012b11"),
"title" : "Star Wars: Episode IV - A New Hope",
"director" : "George Lucas",
"year" : 1977,
"reviews" : [ ]

}

See “Updating Documents” on page 35 for detailed information on updating
documents.

Delete

deleteOne and deleteMany permanently delete documents from the database. Both
methods take a filter document specifying criteria for the removal. For example, this
would remove the movie we just created:

> db.movies.deleteOne({title : "Star Wars: Episode IV - A New Hope"})

Use deleteMany to delete all documents matching a filter.

Data Types

The beginning of this chapter covered the basics of what a document is. Now that you
are up and running with MongoDB and can try things in the shell, this section will
dive a little deeper. MongoDB supports a wide range of data types as values in docu-
ments. In this section, we'll outline all the supported types.

Basic Data Types

Documents in MongoDB can be thought of as “JSON-like” in that they are conceptu-
ally similar to objects in JavaScript. JSON is a simple representation of data: the speci-
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fication can be described in about one paragraph (the website proves it) and lists only
six data types. This is a good thing in many ways: it’s easy to understand, parse, and
remember. On the other hand, JSON’s expressive capabilities are limited because the
only types are null, boolean, numeric, string, array, and object.

Although these types allow for an impressive amount of expressivity, there are a cou-
ple of additional types that are crucial for most applications, especially when working
with a database. For example, JSON has no date type, which makes working with
dates even more annoying than it usually is. There is a number type, but only one—
there is no way to differentiate floats and integers, never mind any distinction
between 32-bit and 64-bit numbers. There is no way to represent other commonly
used types, either, such as regular expressions or functions.

MongoDB adds support for a number of additional data types while keeping JSON’s
essential key/value-pair nature. Exactly how values of each type are represented
varies by language, but this is a list of the commonly supported types and how they
are represented as part of a document in the shell. The most common types are:

Null
The null type can be used to represent both a null value and a nonexistent field:

{"x" : null}
Boolean
There is a boolean type, which can be used for the values true and false:
{"x" : true}

Number
The shell defaults to using 64-bit floating-point numbers. Thus, these numbers
both look “normal” in the shell:

{"x" : 3.14}
{"x" : 3}

For integers, use the NumberInt or NumberLong classes, which represent 4-byte or
8-byte signed integers, respectively.

{"x" : NumberInt("3")}
{"x" : NumberLong("3")}

String
Any string of UTF-8 characters can be represented using the string type:

{"x" : "foobar"}

Date
MongoDB stores dates as 64-bit integers representing milliseconds since the Unix
epoch (January 1, 1970). The time zone is not stored:
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{"x" : new Date()}

Regular expression
Queries can use regular expressions using JavaScript’s regular expression syntax:

{"x" : [foobar/i}
Array
Sets or lists of values can be represented as arrays:
{”X“ : [Ilall, Ilbll, |ICII]}
Embedded document
Documents can contain entire documents embedded as values in a parent
document:
{”X“ : {IIfOOII : Hbarll}}
Object ID
An object ID is a 12-byte ID for documents:
{"x" : ObjectId()}
See the section “_id and ObjectIds” on page 20 for details.

There are also a few less common types that you may need, including:

Binary data
Binary data is a string of arbitrary bytes. It cannot be manipulated from the shell.
Binary data is the only way to save non-UTF-8 strings to the database.

Code
MongoDB also makes it possible to store arbitrary JavaScript in queries and
documents:

{"x" ¢ function() { /* ... */ }}

Finally, there are a few types that are mostly used internally (or superseded by other
types). These will be described in the text as needed.

For more information on MongoDB’s data format, see Appendix B.

Dates

In JavaScript, the Date class is used for MongoDB’s date type. When creating a new
Date object, always call new Date(), not just Date(). Calling the constructor as a
function (i.e., not including new) returns a string representation of the date, not an
actual Date object. This is not MongoDB’s choice; it is how JavaScript works. If you
are not careful to always use the Date constructor, you can end up with a mishmash
of strings and dates. Strings do not match dates and vice versa, so this can cause prob-
lems with removing, updating, querying...pretty much everything.
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For a full explanation of JavaScript’s Date class and acceptable formats for the con-
structor, see section 15.9 of the ECMAScript specification.

Dates in the shell are displayed using local time zone settings. However, dates in the
database are just stored as milliseconds since the epoch, so they have no time zone
information associated with them. (Time zone information could, of course, be stored
as the value for another key.)

Arrays

Arrays are values that can be used interchangeably for both ordered operations (as
though they were lists, stacks, or queues) and unordered operations (as though they
were sets).

In the following document, the key "things" has an array value:
{"things" : ["pie", 3.14]}

As you can see from this example, arrays can contain different data types as values (in
this case, a string and a floating-point number). In fact, array values can be any of the
supported value types for normal key/value pairs, even nested arrays.

One of the great things about arrays in documents is that MongoDB “understands”
their structure and knows how to reach inside of arrays to perform operations on
their contents. This allows us to query on arrays and build indexes using their con-
tents. For instance, in the previous example, MongoDB can query for all documents
where 3.14 is an element of the "things" array. If this is a common query, you can
even create an index on the "things" key to improve the query’s speed.

MongoDB also allows atomic updates that modify the contents of arrays, such as
reaching into the array and changing the value "pie" to pi. We'll see more examples
of these types of operations throughout the text.

Embedded Documents

A document can be used as the value for a key. This is called an embedded document.
Embedded documents can be used to organize data in a more natural way than just a
flat structure of key/value pairs.

For example, if we have a document representing a person and want to store that per-
son’s address, we can nest this information in an embedded "address" document:

{
"name" : "John Doe",
"address" : {
"street" : "123 Park Street",
"city" : "Anytown",
"state" : "NY"
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}

The value for the "address" key in this example is an embedded document with its
own key/value pairs for "street", "city", and "state".

As with arrays, MongoDB “understands” the structure of embedded documents and
is able to reach inside them to build indexes, perform queries, or make updates.

We'll discuss schema design in-depth later, but even from this basic example we can
begin to see how embedded documents can change the way we work with data. In a
relational database, the previous document would probably be modeled as two sepa-
rate rows in two different tables (people and addresses). With MongoDB we can
embed the "address" document directly within the "person" document. Thus, when
used properly, embedded documents can provide a more natural representation of
information.

The flip side of this is that there can be more data repetition with MongoDB. Suppose
addresses was a separate table in a relational database and we needed to fix a typo in
an address. When we did a join with people and addresses, wed get the updated
address for everyone who shares it. With MongoDB, wed need to fix the typo in each
person’s document.

_id and Objectlds

Every document stored in MongoDB must have an "_1d" key. The "_id" key’s value
can be any type, but it defaults to an ObjectId. In a single collection, every document
must have a unique value for "_1d", which ensures that every document in a collec-
tion can be uniquely identified. That is, if you had two collections, each one could
have a document where the value for "_id" was 123. However, neither collection
could contain more than one document with an "_id" of 123.

Objectlds

ObjectId is the default type for "_id". The ObjectId class is designed to be light-
weight, while still being easy to generate in a globally unique way across different
machines. MongoDB’s distributed nature is the main reason why it uses ObjectIds as
opposed to something more traditional, like an autoincrementing primary key: it is
difficult and time-consuming to synchronize autoincrementing primary keys across
multiple servers. Because MongoDB was designed to be a distributed database, it was
important to be able to generate unique identifiers in a sharded environment.

ObjectIds use 12 bytes of storage, which gives them a string representation that is 24
hexadecimal digits: 2 digits for each byte. This causes them to appear larger than they
are, which makes some people nervous. It's important to note that even though an
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ObjectId is often represented as a giant hexadecimal string, the string is actually
twice as long as the data being stored.

If you create multiple new ObjectIds in rapid succession, you can see that only the
last few digits change each time. In addition, a couple of digits in the middle of the
ObjectId will change if you space the creations out by a couple of seconds. This is
because of the manner in which ObjectIds are created. The 12 bytes of an ObjectId
are generated as follows:

0 1 2 34567 8910 11
Timestamp Random  Counter (random start value)

The first four bytes of an ObjectId are a timestamp in seconds since the epoch. This
provides a couple of useful properties:

o The timestamp, when combined with the next five bytes (which will be described
in a moment), provides uniqueness at the granularity of a second.

 Because the timestamp comes first, ObjectIds will sort in rough insertion order.
This is not a strong guarantee but does have some nice properties, such as mak-
ing ObjectIds efficient to index.

« In these four bytes exists an implicit timestamp of when each document was cre-
ated. Most drivers expose a method for extracting this information from an
ObjectId.

Because the current time is used in ObjectIds, some users worry that their servers
will need to have synchronized clocks. Although synchronized clocks are a good idea
for other reasons (see “Synchronizing Clocks” on page 462), the actual timestamp
doesn’t matter to ObjectIds, only that it is often new (once per second) and
increasing.

The next five bytes of an ObjectId are a random value. The final three bytes are a
counter that starts with a random value to avoid generating colliding ObjectIds on
different machines.

These first nine bytes of an ObjectId therefore guarantee its uniqueness across
machines and processes for a single second. The last three bytes are simply an incre-
menting counter that is responsible for uniqueness within a second in a single pro-
cess. This allows for up to 256° (16,777,216) unique ObjectIds to be generated per
process in a single second.
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Autogeneration of _id

As stated earlier, if there is no "_1d" key present when a document is inserted, one
will be automatically added to the inserted document. This can be handled by the
MongoDB server but will generally be done by the driver on the client side.

Using the MongoDB Shell

This section covers how to use the shell as part of your command-line toolkit, cus-
tomize it, and use some of its more advanced functionality.

Although we connected to a local mongod instance above, you can connect your shell
to any MongoDB instance that your machine can reach. To connect to a mongod on a

different machine or port, specify the hostname, port, and database when starting the
shell:

$ mongo some-host:30000/myDB
MongoDB shell version: 4.2.0
connecting to: some-host:30000/myDB
>

db will now refer to some-host:30000’s myDB database.

Sometimes it is handy to not connect to a mongod at all when starting the mongo
shell. If you start the shell with - -nodb, it will start up without attempting to connect
to anything:

$ mongo --nodb

MongoDB shell version: 4.2.0
>

Once started, you can connect to a mongod at your leisure by running new
Mongo("hostname"):

> conn = new Mongo('"some-host:30000")

connection to some-host:30000

> db = conn.getDB("myDB")

myDB
After these two commands, you can use db normally. You can use these commands to
connect to a different database or server at any time.

Tips for Using the Shell

Because mongo is simply a JavaScript shell, you can get a great deal of help for it by
simply looking up JavaScript documentation online. For MongoDB-specific function-
ality, the shell includes built-in help that can be accessed by typing help:
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> help

db.help() help on db methods

db.mycoll.help() help on collection methods

sh.help() sharding helpers

show dbs show database names

show collections show collections in current database
show users show users in current database

Database-level help is provided by db.help() and collection-level help by
db.foo.help().

A good way of figuring out what a function is doing is to type it without the paren-
theses. This will print the JavaScript source code for the function. For example, if you
are curious about how the update function works or cannot remember the order of
parameters, you can do the following:

> db.movies.updateOne
function (filter, update, options) {
var opts = Object.extend({}, options || {});

// Check if first key in update statement contains a $

var keys = Object.keys(update);

if (keys.length == 0) {
throw new Error("the update operation document must contain at
least one atomic operator");

Running Scripts with the Shell

In addition to using the shell interactively, you can also pass the shell JavaScript files
to execute. Simply pass in your scripts at the command line:

$ mongo scriptl.js script2.js script3.js
MongoDB shell version: 4.2.1
connecting to: mongodb://127.0.0.1:27017
MongoDB server version: 4.2.1

loading file: scriptl.js
I am scriptl.js
loading file: script2.js
I am script2.js
loading file: script3.js
I am script3.js

The mongo shell will execute each script listed and exit.
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If you want to run a script using a connection to a nondefault host/port mongod,
specity the address first, then the script(s):

$ mongo server-1:30000/foo --quiet scriptl.js script2.js script3.js

This would execute the three scripts with db set to the foo database on server-1:30000.

You can print to stdout in scripts (as the preceding scripts did) using the print func-
tion. This allows you to use the shell as part of a pipeline of commands. If youre
planning to pipe the output of a shell script to another command, use the --quiet
option to prevent the “MongoDB shell version v4.2.0” banner from printing.

You can also run scripts from within the interactive shell using the load function:

> load("scriptil.js")
I am scriptl.js

true

>

Scripts have access to the db variable (as well as any other global). However, shell

helpers such as use db or show collections do not work from files. There are valid
JavaScript equivalents to each of these, as shown in Table 2-1.

Table 2-1. JavaScript equivalents to shell helpers

Helper I

use video db.getSisterDB("video")
show dbs db.getMongo().getDBs()

show collections db.getCollectionNames()

You can also use scripts to inject variables into the shell. For example, you could have
a script that simply initializes helper functions that you commonly use. The following
script, for instance, may be helpful for Part IIT and Part IV. It defines a function, con
nectTo, that connects to the locally running database on the given port and sets db to
that connection:

// defineConnectTo. js

/**
* Connect to a database and set db.
*/
var connectTo = function(port, dbname) {
if (!port) {
port = 27017;
}

if (!dbname) {
dbname = "test";

}
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db = connect("localhost:"+port+"/"+dbname);
return db;

IH
If you load this script in the shell, connectTo is now defined:

> typeof connectTo

undefined

> load('defineConnectTo.js"')

> typeof connectTo

function
In addition to adding helper functions, you can use scripts to automate common
tasks and administrative activities.

By default, the shell will look in the directory that you started the shell in (use pwd()
to see what directory that is). If the script is not in your current directory, you can
give the shell a relative or absolute path to it. For example, if you wanted to put your
shell scripts in ~/my-scripts, you could load defineConnectTo.js with load("/home/
myUser/my-scripts/defineConnectTo.js"). Note that load cannot resolve ~.

You can use run to run command-line programs from the shell. You can pass argu-

ments to the function as parameters:

> run("ls", "-1", "/home/myUser/my-scripts/")

sh70352| -rw-r--r-- 1 myUser myUser 2012-12-13 13:15 defineConnectTo.js
sh70532| -rw-r--r-- 1 myUser myUser 2013-02-22 15:10 scriptl.js
sh70532| -rw-r--r-- 1 myUser myUser 2013-02-22 15:12 script2.js
sh70532| -rw-r--r-- 1 myUser myUser 2013-02-22 15:13 script3.js

This is of limited use, generally, as the output is formatted oddly and it doesn't sup-
port pipes.
Creating a .mongorc.js

If you have frequently loaded scripts, you might want to put them in your .mongorc.js
file. This file is run whenever you start up the shell.

For example, suppose you would like the shell to greet you when you log in. Create a
file called .mongorc.js in your home directory, and then add the following lines to it:

// .mongorc.js

var compliment = ["attractive", "intelligent", "like Batman"];
var index = Math.floor(Math.random()*3);

print("Hello, you're looking particularly "+compliment[index]+" today!");

Then, when you start the shell, you'll see something like:
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$ mongo

MongoDB shell version: 4.2.1

connecting to: test

Hello, you're looking particularly like Batman today!
>

More practically, you can use this script to set up any global variables youd like to
use, alias long names to shorter ones, and override built-in functions. One of the
most common uses for .mongorc.js is to remove some of the more “dangerous” shell
helpers. You can override functions like dropDatabase or deleteIndexes with no-
ops or undefine them altogether:

var no = function() {
print("Not on my watch.");
b

// Prevent dropping databases
db.dropDatabase = DB.prototype.dropDatabase = no;

// Prevent dropping collections
DBCollection.prototype.drop = no;

// Prevent dropping an index
DBCollection.prototype.dropIndex = no;

// Prevent dropping indexes
DBCollection.prototype.dropIndexes = no;

Now if you try to call any of these functions, it will simply print an error message.
Note that this technique does not protect you against malicious users; it can only help
with fat-fingering.

You can disable loading your .mongorc.js by using the --norc option when starting
the shell.

Customizing Your Prompt

The default shell prompt can be overridden by setting the prompt variable to either a
string or a function. For example, if you are running a query that takes minutes to
complete, you may want to have a prompt that displays the current time so you can
see when the last operation finished:

prompt = function() {
return (new Date())+"> ";

}

Another handy prompt might show the current database you're using:
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prompt = function() {
if (typeof db == 'undefined') {

return '(nodb)> ';

}

// Check the last db operation

try {
db.runCommand({getLastError:1});

}

catch (e) {
print(e);

}

"

return db+"> ";
IH
Note that prompt functions should return strings and be very cautious about catching
exceptions: it can be extremely confusing if your prompt turns into an exception!

In general, your prompt function should include a call to getLastError. This catches
errors on writes and reconnects you automatically if the shell gets disconnected (e.g.,
if you restart mongod).

The .mongorc.js file is a good place to set your prompt if you want to always use a
custom one (or set up a couple of custom prompts that you can switch between in the
shell).

Editing Complex Variables

The multiline support in the shell is somewhat limited: you cannot edit previous
lines, which can be annoying when you realize that the first line has a typo and you're
currently working on line 15. Thus, for larger blocks of code or objects, you may want
to edit them in an editor. To do so, set the EDITOR variable in the shell (or in your
environment, but since you're already in the shell...):

> EDITOR="/usr/bin/emacs"
Now, if you want to edit a variable, you can say edit varname—for example:

> var wap = db.books.findOne({title: "War and Peace"});
> edit wap

When youre done making changes, save and exit the editor. The variable will be
parsed and loaded back into the shell.

Add EDITOR="/path/to/editor"; to your .mongorc.js file and you won't have to
worry about setting it again.
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Inconvenient Collection Names

Fetching a collection with the db. collectionName syntax almost always works, unless
the collection name is a reserved word or is an invalid JavaScript property name.

For example, suppose we are trying to access the version collection. We cannot say
db.version because db.version is a method on db (it returns the version of the run-
ning MongoDB server):
> db.version
function () {
return this.serverBuildInfo().version;

}

To actually access the version collection, you must use the getCollection function:

> db.getCollection("version");

test.version
This can also be used for collection names with characters that aren’t valid JavaScript
property names, such as foo-bar-baz and 123abc (JavaScript property names can only
contain letters, numbers, $ and _, and cannot start with a number).

Another way of getting around invalid properties is to use array-access syntax. In
JavaScript, x.y is identical to x['y']. This means that subcollections can be accessed
using variables, not just literal names. Thus, if you needed to perform some operation
on every blog subcollection, you could iterate through them with something like this:

var collections = ["posts", "comments", "authors"];

for (var i1 in collections) {
print(db.blog[collections[i]]);
}

instead of this:

print(db.blog.posts);
print(db.blog.comments);
print(db.blog.authors);

Note that you cannot do db.blog. 1, which would be interpreted as test.blog., not
test.blog.posts. You must use the db.blog[1] syntax for 1 to be interpreted as a
variable.

You can use this technique to access awkwardly named collections:

> var name = "@#&!"
> db[name].find()

Attempting to query db.@#&! would be illegal, but db[name] would work.
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CHAPTER 3

Creating, Updating, and
Deleting Documents

This chapter covers the basics of moving data into and out of the database, including
the following:

+ Adding new documents to a collection

« Removing documents from a collection

 Updating existing documents

» Choosing the correct level of safety versus speed for all of these operations

Inserting Documents

Inserts are the basic method for adding data to MongoDB. To insert a single docu-
ment, use the collection’s insertOne method:

> db.movies.insertOne({"title" : "Stand by Me"})

n

insertOne will add an "_id" key to the document (if you do not supply one) and
store the document in MongoDB.

insertMany

If you need to insert multiple documents into a collection, you can use insertMany.
This method enables you to pass an array of documents to the database. This is far
more efficient because your code will not make a round trip to the database for each
document inserted, but will insert them in bulk.

In the shell, you can try this out as follows:
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> db.movies.drop()

true
> db.movies.insertMany([{"title" : "Ghostbusters"},
{"title" : "E.T."},
- {"title" : "Blade Runner"}]);
{
"acknowledged" : true,
"insertedIds" : [
ObjectId("572630ba11722fac4b6b4996"),
ObjectId("572630ba11722fac4b6b4997"),
ObjectId("572630ba11722fac4b6b4998")
1
}
> db.movies.find()
{ "_1d" : ObjectId("572630bal11722fac4b6b4996"), "title" : "Ghostbusters" }
{ "_id" : ObjectId("572630ba11722fac4b6b4997"), "title" : "E.T." }
{ "_1d" : ObjectId("572630ba11722fac4b6b4998"), "title" : "Blade Runner" }

Sending dozens, hundreds, or even thousands of documents at a time can make
inserts significantly faster.

insertMany is useful if you are inserting multiple documents into a single collection.
If you are just importing raw data (e.g., from a data feed or MySQL), there are
command-line tools like mongoimport that can be used instead of a batch insert. On
the other hand, it is often handy to munge data before saving it to MongoDB (con-
verting dates to the date type or adding a custom "_1d", for example). In such cases
insertMany can be used for importing data, as well.

Current versions of MongoDB do not accept messages longer than 48 MB, so there is
a limit to how much can be inserted in a single batch insert. If you attempt to insert
more than 48 MB, many drivers will split up the batch insert into multiple 48 MB
batch inserts. Check your driver documentation for details.

When performing a bulk insert using insertMany, if a document halfway through the
array produces an error of some type, what happens depends on whether you have
opted for ordered or unordered operations. As the second parameter to insertMany
you may specify an options document. Specify true for the key "ordered" in the
options document to ensure documents are inserted in the order they are provided.
Specify false and MongoDB may reorder the inserts to increase performance.
Ordered inserts is the default if no ordering is specified. For ordered inserts, the array
passed to insertMany defines the insertion order. If a document produces an inser-
tion error, no documents beyond that point in the array will be inserted. For unor-
dered inserts, MongoDB will attempt to insert all documents, regardless of whether
some insertions produce errors.

In this example, because ordered inserts is the default, only the first two documents
will be inserted. The third document will produce an error, because you cannot insert
two documents with the same "_id":
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> db.movies.insertMany([

D {"_id" . 0, "title" : "Top Gun"},

C{"_id" : 1, "title" : "Back to the Future"},

{'Ad" 1, "title" : "Gremlins"},

C{"_id" : o2, "title" : "Aliens"}])
2019-04-22T12:27:57.278-0400 E QUERY [js] BulkWriteError: write
error at item 2 in bulk operation :

BulkWriteError({
"writeErrors" : [
{
"{ndex" : 2,
"code" : 11000,
"errmsg" : "E11000 duplicate key error collection:
test.movies index: _id_ dup key: { _id: 1.0 }",
"op" : {
"id" o1,
"title" : "Gremlins"
}
}
1,
"writeConcernErrors" : [ 1],
"nInserted" : 2,

"nUpserted" : 0,

"nMatched" : 0,

"nModified" : 0,

"nRemoved" : 0,

"upserted" : [ ]
H
BulkWriteError@src/mongo/shell/bulk_api.js:367:48
BulkWriteResult/this.toError@src/mongo/shell/bulk_api.js:332:24
Bulk/this.execute@src/mongo/shell/bulk_api.js:1186:23
DBCollection.prototype.insertMany@src/mongo/shell/crud_api.js:314:5
@(shell):1:1

If instead we specify unordered inserts, the first, second, and fourth documents in the
array are inserted. The only insert that fails is the third document, again because of a
duplicate "_1id" error:

> db.movies.insertMany([

C{"_id" ¢ 3, "title" : "Sixteen Candles"},
C{"_id" ¢ 4, "title" : "The Terminator"},
D {"_id" : 4, "title" : "The Princess Bride"},

D {"_id" : 5, "title" : "Scarface"}],
... {"ordered" : false})
2019-05-01T17:02:25.511-0400 E QUERY [thread1] BulkWriteError: write
error at item 2 in bulk operation :
BulkWriteError({
"writeErrors" : [
{
"index" : 2,
"code" : 11000,
"errmsg" : "E11000 duplicate key error index: test.movies.$_id_
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dup key: { : 4.0 }",

"op" : {
" id" 4,
"title" : "The Princess Bride"
}
}
1,
"writeConcernErrors" : [ ],
"nInserted" : 3,

"nUpserted" : 0,

"nMatched" : 0,

"nModified" : 0,

"nRemoved" : 0,

"upserted" : [ ]
b

BulkWriteError@src/mongo/shell/bulk_api.js:367:48

BulkWriteResult/this.toError@src/mongo/shell/bulk_api.js:332:24

Bulk/this.execute@src/mongo/shell/bulk_api.js:1186.23

DBCollection.prototype.insertMany@src/mongo/shell/crud_api.js:314:5

@(shell):1:1
If you study these examples closely, you might note that the output of these two calls
to insertMany hints that other operations besides simply inserts might be supported
for bulk writes. While insertMany does not support operations other than insert,
MongoDB does support a Bulk Write API that enables you to batch together a num-
ber of operations of different types in one call. While that is beyond the scope of this
chapter, you can read about the Bulk Write API in the MongoDB documentation.

Insert Validation

MongoDB does minimal checks on data being inserted: it checks the document’s
basic structure and adds an "_id" field if one does not exist. One of the basic struc-
ture checks is size: all documents must be smaller than 16 MB. This is a somewhat
arbitrary limit (and may be raised in the future); it is mostly intended to prevent bad
schema design and ensure consistent performance. To see the Binary JSON (BSON)
size, in bytes, of the document doc, run Object.bsonsize(doc) from the shell.

To give you an idea of how much data 16 MB is, the entire text of War and Peace is
just 3.14 MB.

These minimal checks also mean that it is fairly easy to insert invalid data (if you are
trying to). Thus, you should only allow trusted sources, such as your application
servers, to connect to the database. All of the MongoDB drivers for major languages
(and most of the minor ones, too) do check for a variety of invalid data (documents
that are too large, contain non-UTF-8 strings, or use unrecognized types) before
sending anything to the database.
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insert

In versions of MongoDB prior to 3.0, insert was the primary method for inserting
documents into MongoDB. MongoDB drivers introduced a new CRUD API at the
same time as the MongoDB 3.0 server release. As of MongoDB 3.2 the mongo shell
also supports this API, which includes insertOne and insertMany as well as several
other methods. The goal of the current CRUD API is to make the semantics of all
CRUD operations consistent and clear across the drivers and the shell. While meth-
ods such as insert are still supported for backward compatibility, they should not be
used in applications going forward. You should instead prefer insertOne and insert
Many for creating documents.

Removing Documents

Now that there’s data in our database, lets delete it. The CRUD API provides
deleteOne and deleteMany for this purpose. Both of these methods take a filter
document as their first parameter. The filter specifies a set of criteria to match against
in removing documents. To delete the document with the "_id" value of 4, we use
deleteOne in the mongo shell as illustrated here:

> db.movies.find()

{ "_id" : 0, "title" : "Top Gun"}

{ "_1d" : 1, "title" : "Back to the Future"}
{ "_id" : 3, "title" : "Sixteen Candles"}

{ "_1d" : 4, "title" : "The Terminator"}

{ "_id" : 5, "title" : "Scarface"}

> db.movies. deleteOne({ id" @ 43})

{ "acknowledged" : true, "deletedCount" : 1 }
> db.movies.find()

{ "_id" : 0, "title" : "Top Gun"}

{ "_1d" : 1, "title" : "Back to the Future"}
{ "_id" : 3, "title" : "Sixteen Candles"}

{ "_1d" : 5, "title" : "Scarface"}

In this example, we used a filter that could only match one document since "_id"
values are unique in a collection. However, we can also specify a filter that matches
multiple documents in a collection. In this case, deleteOne will delete the first docu-
ment found that matches the filter. Which document is found first depends on several
factors, including the order in which the documents were inserted, what updates were
made to the documents (for some storage engines), and what indexes are specified.
As with any database operation, be sure you know what effect your use of deleteOne
will have on your data.

To delete all the documents that match a filter, use deleteMany:
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> db.movies.find()

{ "_1d" : 0, "title" : "Top Gun", "year" : 1986 }

{ "_1d" : 1, "title" : "Back to the Future", "year" : 1985 }
{ "_id" : 3, "title" : "Sixteen Candles", "year" : 1984 }

{ "_1d" : 4, "title" : "The Terminator", "year" : 1984 }

{ "_id" : 5, "title" : “Scarface , "year" : 1983 }

> db movies. deleteMany({ year" : 1984})

{ "acknowledged" : true, "deletedCount" : 2 }

> db.movies.find()

{ "_id" : 0, "title" : "Top Gun", "year" : 1986 }

{ "_1d" : 1, "title" : "Back to the Future", "year" : 1985 }
{ "_id" : 5, "title" : "Scarface", "year" : 1983 }

As a more realistic use case, suppose you want to remove every user from the mail-
ing.list collection where the value for "opt-out" is true:

> db.mailing.list.deleteMany({"opt-out" : true})

In versions of MongoDB prior to 3.0, remove was the primary method for deleting
documents. MongoDB drivers introduced the deleteOne and deleteMany methods at
the same time as the MongoDB 3.0 server release, and the shell began supporting
these methods in MongoDB 3.2. While remove is still supported for backward com-
patibility, you should use deleteOne and deleteMany in your applications. The cur-
rent CRUD API provides a cleaner set of semantics and, especially for multidocument
operations, helps application developers avoid a couple of common pitfalls with the
previous APIL.

drop

It is possible to use deleteMany to remove all documents in a collection:

db.movies. deleteMany({})
'acknowledged" : true, "deletedCount" : 5 }
db.movies.find()

> db.movies.find()

{ " id" : 0, "title" : "Top Gun", "year" : 1986 }

{ "_ld" : 1, "title" : "Back to the Future", "year" : 1985 }
{ "_1d" : 3, "title" : "Sixteen Candles", "year" : 1984 }

{ "_1d" : 4, "title" : "The Terminator", "year" : 1984 }

{ "_1d" : 5, "title" "Scarface", "year" : 1983 }

>

{'

>

Removing documents is usually a fairly quick operation. However, if you want to
clear an entire collection, it is faster to drop it:

> db.movies.drop()
true

and then recreate any indexes on the empty collection.

Once data has been removed, it is gone forever. There is no way to undo a delete or
drop operation or recover deleted documents, except, of course, by restoring a
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previously backed up version of the data. See Chapter 23 for a detailed discussion of
MongoDB backup and restore.

Updating Documents

Once a document is stored in the database, it can be changed using one of several
update methods: updateOne, updateMany, and replaceOne. updateOne and update
Many each take a filter document as their first parameter and a modifier document,
which describes changes to make, as the second parameter. replaceOne also takes a
filter as the first parameter, but as the second parameter replaceOne expects a docu-
ment with which it will replace the document matching the filter.

Updating a document is atomic: if two updates happen at the same time, whichever
one reaches the server first will be applied, and then the next one will be applied.
Thus, conflicting updates can safely be sent in rapid-fire succession without any
documents being corrupted: the last update will “win” The Document Versioning
pattern (see “Schema Design Patterns” on page 208) is worth considering if you don’t
want the default behavior.

Document Replacement

replaceOne fully replaces a matching document with a new one. This can be useful to
do a dramatic schema migration (see Chapter 9 for scheme migration strategies). For
example, suppose we are making major changes to a user document, which looks like
the following:

{
" 1d" : ObjectId("4b2b9f67a1f631733d917a7a"),
"name" : "joe",
"friends" : 32,
"enemies" : 2
}

We want to move the "friends" and "enemies" fields to a "relationships" subdo-
cument. We can change the structure of the document in the shell and then replace
the database’s version with a replaceOne:

> var joe = db.users.findOne({"name" : "joe"});
> joe.relationships = {"friends" : joe.friends, "enemies" : joe.enemies};
{
"friends" : 32,
"enemies" : 2
}
> joe.username = joe.name;
"joe"
> delete joe.friends;
true
> delete joe.enemies;
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true

> delete joe.name;

true

> db.users.replaceOne({"name" : "joe"}, joe);

Now, doing a findOne shows that the structure of the document has been updated:

{
" 1d" : ObjectId("4b2b9f67a1f631733d917a7a"),

"username" : "joe",

"relationships" : {
"friends" : 32,
"enemies" : 2

}

}

A common mistake is matching more than one document with the criteria and then
creating a duplicate "_id" value with the second parameter. The database will throw
an error for this, and no documents will be updated.

For example, suppose we create several documents with the same value for "name",
but we don’t realize it:

> db.people.find()

{"_id" : ObjectId("4b2b9f67a1f631733d917a7b"), "name" : "joe", "age" : 65}
{"_1d" : ObjectId("4b2b9f67a1f631733d917a7c"), "name" : "joe", "age" : 20}
{"_id" : ObjectId("4b2b9f67a1f631733d917a7d"), "name" : "joe", "age" : 49}

Now, if it’s Joe #2’s birthday, we want to increment the value of his "age" key, so we
might say this:

> joe = db.people.findOne({"name" : "joe", "age" : 20});
{
" 1d" : ObjectId("4b2b9f67a1f631733d917a7c"),
"name" : "joe",
"age" : 20
}
> joe.age++;
> db.people.replaceOne({"name" : "joe"}, joe);
E11001 duplicate key on update

What happened? When you do the update, the database will look for a document
matching {"name" : "joe"}. The first one it finds will be the 65-year-old Joe. It will
attempt to replace that document with the one in the joe variable, but there’s already
a document in this collection with the same "_id". Thus, the update will fail, because
"_id" values must be unique. The best way to avoid this situation is to make sure that
your update always specifies a unique document, perhaps by matching on a key like
"_1id". For the preceding example, this would be the correct update to use:

> db.people.replaceOne({"_id" : ObjectId("4b2b9f67a1f631733d917a7c")}, joe)
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Using "_1d" for the filter will also be efficient since"_1d" values form the basis for the
primary index of a collection. We'll cover primary and secondary indexes and how
indexing affects updates and other operations more in Chapter 5.

Using Update Operators

Usually only certain portions of a document need to be updated. You can update spe-
cific fields in a document using atomic update operators. Update operators are special
keys that can be used to specify complex update operations, such as altering, adding,
or removing keys, and even manipulating arrays and embedded documents.

Suppose were keeping website analytics in a collection and want to increment a
counter each time someone visits a page. We can use update operators to do this
increment atomically. Each URL and its number of page views is stored in a docu-
ment that looks like this:

{
"_1d" : ObjectId("4b253b067525f35f94b60a31"),
"url" : "www.example.com",
"pageviews" : 52

}

Every time someone visits a page, we can find the page by its URL and use the "$inc"
modifier to increment the value of the "pageviews" key:

> db.analytics.updateOne({"url" : "www.example.com"},
oo {"S$inc" ¢ {"pageviews" : 1}})
{ "acknowledged" : true, "matchedCount" : 1, "modifiedCount" : 1 }

Now, if we do a findOne, we see that "pageviews" has increased by one:

> db.analytics.findOne()

{
"_1d" : ObjectId("4b253b067525f35f94b60a31"),
"url" : "www.example.com",
"pageviews" : 53

}

When using operators, the value of "_1d" cannot be changed. (Note that "_1id" can be
changed by using whole-document replacement.) Values for any other key, including
other uniquely indexed keys, can be modified.

Getting started with the “$set” modifier

"$set" sets the value of a field. If the field does not yet exist, it will be created. This
can be handy for updating schemas or adding user-defined keys. For example, sup-
pose you have a simple user profile stored as a document that looks something like
the following:

Updating Documents | 37



> db.users.findOne()

{
" 1d" : ObjectId("4b253b067525f35f94b60a31"),
"name" : "joe",
"age" : 30,
"sex" : "male",
"location" : "Wisconsin"
}

This is a pretty bare-bones user profile. If the user wanted to store his favorite book in
his profile, he could add it using "$set":

> db.users.updateOne({"_id" : ObjectId("4b253b067525f35f94b60a31")},
... {"$set" : {"favorite book" : "War and Peace"}})

Now the document will have a "favorite book" key:

> db.users.findOne()

{
" 1d" : ObjectId("4b253b067525f35f94b60a31"),
"name" : "joe",
"age" : 30,
"sex" : "male",
"location" : "Wisconsin",
"favorite book" : "War and Peace"
}

If the user decides that he actually enjoys a different book, "$set" can be used again
to change the value:

> db.users.updateOne({"name" : "joe"},

... {"$set" : {"favorite book" : "Green Eggs and Ham"}})
"$set" can even change the type of the key it modifies. For instance, if our fickle user
decides that he actually likes quite a few books, he can change the value of the "favor
ite book" key into an array:

> db.users.updateOne({"name" : "joe"},

... {"$set" : {"favorite book" :

["Cat's Cradle", "Foundation Trilogy", "Ender's Game"]}})

If the user realizes that he actually doesn’t like reading, he can remove the key alto-
gether with "Sunset":

> db.users.updateOne({"name" : "joe"},
... {"Sunset" : {"favorite book" : 1}})

Now the document will be the same as it was at the beginning of this example.
You can also use "$set" to reach in and change embedded documents:

> db.blog.posts.findOne()

{
"_id" : ObjectId("4b253b067525f35f94b60a31"),
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"title" : "A Blog Post",

"content" : "...",
"author" : {
"name" : "joe",
"email" : "joe@example.com"
}
}
> db.blog.posts.updateOne({"author.name" : "joe"},
... {"$set" : {"author.name" : "joe schmoe"}})

> db.blog.posts.findOne()

{
" 1d" : ObjectId("4b253b067525f35f94b60a31"),
"title" : "A Blog Post",
"content" : "...",
"author" : {
"name" : "joe schmoe",
"email" : "joe@example.com"
}
}

You must always use a $-modifier for adding, changing, or removing keys. A com-
mon error people make when starting out is to try to set the value of a key to some
other value by doing an update that resembles this:

> db.blog.posts.updateOne({"author.name" : "joe"},

... {"author.name" : "joe schmoe"})
This will result in an error. The update document must contain update operators.
Previous versions of the CRUD API did not catch this type of error. Earlier update
methods would simply complete a whole document replacement in such situations. It
is this type of pitfall that led to the creation of a new CRUD API.

Incrementing and decrementing

The "$inc" operator can be used to change the value for an existing key or to create a
new key if it does not already exist. It's useful for updating analytics, karma, votes, or
anything else that has a changeable, numeric value.

Suppose we are creating a game collection where we want to save games and update
scores as they change. When a user starts playing, say, a game of pinball, we can insert
a document that identifies the game by name and the user playing it:

> db.games.insertOne({"game" : "pinball", "user" : "joe"})

When the ball hits a bumper, the game should increment the player’s score. Since
points in pinball are given out pretty freely, let’s say that the base unit of points a
player can earn is 50. We can use the "$inc" modifier to add 50 to the player’s score:

> db.games.updateOne({"game" : "pinball", "user" : "joe"},
oo {"Sinc" ¢ {"score" : 503}})
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If we look at the document after this update, we'll see the following:

> db.games.findOne()

{
" 1d" : ObjectId("4b2d75476cc613d5ee930164"),
"game" : "pinball",
"user" : "joe",
"score" : 50
}

The "score" key did not already exist, so it was created by "$inc" and set to the
increment amount: 50.

If the ball lands in a “bonus” slot, we want to add 10,000 to the score. We can do this
by passing a different value to "$inc":

> db.games.updateOne({"game" : "pinball", "user" : "joe"},
.o {"$inc" : {"score" : 10000}})

Now if we look at the game, we'll see the following:

> db.games.findOne()

{
" id" : ObjectId("4b2d75476cc613d5ee930164"),
"game" : "pinball",
"user" : "joe",
"score" : 10050
}

The "score" key existed and had a numeric value, so the server added 10,000 to it.

"$inc" is similar to "$set", but it is designed for incrementing (and decrementing)
numbers. "$inc" can be used only on values of type integer, long, double, or decimal.
If it is used on any other type of value, it will fail. This includes types that many lan-
guages will automatically cast into numbers, like nulls, booleans, or strings of
numeric characters:

> db.strcounts.insert({"count" : "1"})
WriteResult({ "nInserted" : 1 })
> db.strcounts.update({}, {"$inc" : {"count" : 13}})
WriteResult({

"nMatched" : 0,

"nUpserted" : 0,

"nModified" : 0,

"writeError" : {
"code" : 16837,
"errmsg" : "Cannot apply $inc to a value of non-numeric type.

{_1d: ObjectId('5726c0d36855a935cb57a659')} has the field 'count' of
non-numeric type String"
}
b
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Also, the value of the "$inc" key must be a number. You cannot increment by a
string, array, or other nonnumeric value. Doing so will give a “Modifier "$inc"
allowed for numbers only” error message. To modify other types, use "$set" or one
of the following array operators.

Array operators

An extensive class of update operators exists for manipulating arrays. Arrays are
common and powerful data structures: not only are they lists that can be referenced
by index, but they can also double as sets.

Adding elements. "$push" adds elements to the end of an array if the array exists and
creates a new array if it does not. For example, suppose that we are storing blog posts
and want to add a "comments" key containing an array. We can push a comment onto
the nonexistent "comments" array, which will create the array and add the comment:

> db.blog.posts.findOne()

{
" id" : ObjectId("4b2d75476cc613d5€e930164"),
"title" : "A blog post",
"content" : "..."

}

> db.blog.posts.updateOne({"title" : "A blog post"},
... {"Spush" : {"comments" :
"name" : "joe", "email" : "joe@example.com",
.. "content" : "nice post."}}})
{ "acknowledged" : true, "matchedCount" : 1, "modifiedCount" : 1 }
> db.blog.posts.findOne()

{
"_1d" : ObjectId("4b2d75476cc613d5ee930164"),
"title" : "A blog post",
"content" : "...",
"comments" : [
{
"name" : "joe",
"email" : "joe@example.com",
"content” : "nice post."
}
1
}

Now, if we want to add another comment, we can simply use "$push" again:

> db.blog.posts.updateOne({"title" : "A blog post"},
... {"Spush" : {"comments" :
"name" : "bob", "email" : "bob@example.com",
.. "content" : "good post."}}})
{ "acknowledged" : true, "matchedCount" : 1, "modifiedCount" : 1 }
> db.blog.posts.findOne()
{
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" {d" : ObjectId("4b2d75476cc613d5ee930164"),

"title" : "A blog post",
"content" : "...",
"comments" : [
{
"name" : "joe",
"email" : "joe@example.com",
"content" : "nice post."
1,
{
"name" : "bob",
"email" : "bob@example.com",
"content" : "good post."
}
1

}

This is the “simple” form of "push", but you can use it for more complex array opera-
tions as well. The MongoDB query language provides modifiers for some operators,
including "$push". You can push multiple values in one operation using the "$each"
modifer for "$push":

> db.stock.ticker.updateOne({"_id" : "GOOG"},
... {"$push" : {"hourly" : {"$each" : [562.776, 562.790, 559.123]}}})

This would push three new elements onto the array.

If you only want the array to grow to a certain length, you can use the "$slice"
modifier with "$push" to prevent an array from growing beyond a certain size, effec-
tively making a “top N list of items:

> db.movies.updateOne({"genre" : "horror"},

... {"Spush" : {"top10" : {"Seach" : ["Nightmare on Elm Street", "Saw"],
.. "Sslice" : -10}3}})

This example limits the array to the last 10 elements pushed.

If the array is smaller than 10 elements (after the push), all elements will be kept. If
the array is larger than 10 elements, only the last 10 elements will be kept. Thus,
"$slice" can be used to create a queue in a document.

Finally, you can apply the "$sort" modifier to "$push" operations before trimming:

> db.movies.updateOne({"genre" : "horror"},
... {"Spush" : {"top10" : {"Seach" : [{"name" : "Nightmare on Elm Street",
.. "rating" : 6.6},
"name" : "Saw", "rating" : 4.3}],
"$slice" : -10,

"S$sort" : {"rating" : -1}}}})
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This will sort all of the objects in the array by their "rating" field and then keep the
first 10. Note that you must include "$each"; you cannot just "$slice" or "$sort" an
array with "$push".

Using arrays as sets. You might want to treat an array as a set, only adding values if
they are not present. This can be done using "$ne" in the query document. For exam-
ple, to push an author onto a list of citations, but only if they aren’t already there, use
the following:

> db.papers.updateOne({"authors cited" : {"S$ne" : "Richie"}},
... {Spush : {"authors cited" : "Richie"}})

This can also be done with "$addToSet", which is useful for cases where "$ne" won’t
work or where "$addToSet" describes what is happening better.

For example, suppose you have a document that represents a user. You might have a
set of email addresses that they have added:

> db.users.findOne({"_id" : ObjectId("4b2d75476cc613d5ee930164")})
{
" 1d" : ObjectId("4b2d75476cc613d5ee930164"),
"username" : "joe",
"emails" : [
"joe@example.com",
"joe@gmail.com",
"joe@yahoo.com"

}
When adding another address, you can use “$addToSet" to prevent duplicates:

> db.users.updateOne({"_id" : ObjectId("4b2d75476cc613d5ee930164")},
... {"$addToSet" : {"emails" : "joe@gmail.com"}})
{ "acknowledged" : true, "matchedCount" : 1, "modifiedCount" : 0 }
> db.users.findOne({"_id" : ObjectId("4b2d75476cc613d5ee930164")})
{
" 1d" : ObjectId("4b2d75476cc613d5ee930164"),
"username" : "joe",
"emails" : [
"joe@example.com",
"joe@gmail.com",
"joe@yahoo.com",
1
}
> db.users.updateOne({"_1d" : ObjectId("4b2d75476cc613d5ee930164")},
... {"SaddToSet" : {"emails" : "joe@hotmail.com"}})
{ "acknowledged" : true, "matchedCount" : 1, "modifiedCount" : 1 }
> db.users.findOne({"_id" : ObjectId("4b2d75476cc613d5ee930164")})
{
"_1d" : ObjectId("4b2d75476cc613d5ee930164"),
"username" : "joe",
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"emails" : [
"joe@example.com",
"joe@gmail.com",
"joe@yahoo.com",
"joe@hotmail.com"

}

You can also use "$addToSet" in conjunction with "$each" to add multiple unique
values, which cannot be done with the "$ne"/"$push" combination. For instance, you
could use these operators if the user wanted to add more than one email address:

> db.users.updateOne({"_1id" : ObjectId("4b2d75476cc613d5ee930164")},
... {"$addToSet" : {"emails" : {"Seach" :

- ["joe@php.net", "joe@example.com", "joe@python.org"]}}})

{ "acknowledged" : true, "matchedCount" : 1, "modifiedCount" : 1 }
> db.users.findOne({"_id" : ObjectId("4b2d75476cc613d5ee930164")})

{
"_1d" : ObjectId("4b2d75476cc613d5ee930164"),

"username" : "joe",

"emails" : [
"joe@example.com",
"joe@gmail.com",
"joe@yahoo.com",
"joe@hotmail.com"
"joe@php.net"
"joe@python.org"

}

Removing elements. There are a few ways to remove elements from an array. If you
want to treat the array like a queue or a stack, you can use "$pop", which can remove
elements from either end. {"$pop" : {"key" : 1}} removes an element from the
end of the array. {"$pop" : {"key" : -11}} removes it from the beginning.

Sometimes an element should be removed based on specific criteria, rather than its
position in the array. "$pull" is used to remove elements of an array that match the
given criteria. For example, suppose we have a list of things that need to be done, but
not in any specific order:

> db.lists.insertOne({"todo" : ["dishes", "laundry", "dry cleaning"]})
If we do the laundry first, we can remove it from the list with the following:
> db.lists.updateOne({}, {"Spull" : {"todo" : "laundry"}})
Now if we do a find, we'll see that there are only two elements remaining in the array:

> db.lists.findOne()

{
"_1d" : ObjectId("4b2d75476cc613d5ee930164"),

"todo" : [
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"dishes",
"dry cleaning"

}

Pulling removes all matching documents, not just a single match. If you have an array
that looks like [1, 1, 2, 1] and pull 1, you'll end up with a single-element array,
[2].

Array operators can be used only on keys with array values. For example, you cannot
push onto an integer or pop off of a string. Use "$set" or "$inc" to modify scalar
values.

Positional array modifications. Array manipulation becomes a little trickier when you
have multiple values in an array and want to modify some of them. There are two
ways to manipulate values in arrays: by position or by using the position operator
(the $ character).

Arrays use 0-based indexing, and elements can be selected as though their index were
a document key. For example, suppose we have a document containing an array with
a few embedded documents, such as a blog post with comments:

> db.blog.posts.findOne()

{
" 1d" : ObjectId("4b329a216cc613d5ee930192"),
"content" : "...",
"comments" : [
{
"comment" : "good post",
"author" : "John",
"votes" : 0
1,
{
"comment" : "i thought it was too short",
"author" : "Claire",
"votes" : 3
1,
{
"comment" : "free watches",
"author" : "Alice",
"votes" : -5
1,
{
"comment" : "vacation getaways",
"author" : "Lynn",
"votes" : -7
}
1
}
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If we want to increment the number of votes for the first comment, we can say the
following:

> db.blog.updateOne({"post" : post_1id},

... {"$inc" : {"comments.0.votes" : 1}})
In many cases, though, we don’t know what index of the array to modify without
querying for the document first and examining it. To get around this, MongoDB has
a positional operator, $, that figures out which element of the array the query docu-
ment matched and updates that element. For example, if we have a user named John
who updates his name to Jim, we can replace it in the comments by using the posi-
tional operator:

> db.blog.updateOne({"comments.author" : "John"},

... {"$Sset" : {"comments.$.author" : "Jim"}})
The positional operator updates only the first match. Thus, if John had left more than
one comment, his name would be changed only for the first comment he left.

Updates using array filters. MongoDB 3.6 introduced another option for updating indi-
vidual array elements: arrayFilters. This option enables us to modify array ele-
ments matching particular critera. For example, if we want to hide all comments with
five or more down votes, we can do something like the following:

db.blog.updateOne(
{"post" : post_id },
{ $set: { "comments.$[elem].hidden" : true } },
{

}
)
This command defines elem as the identifier for each matching element in the "com
ments" array. If the votes value for the comment identified by elem is less than or
equal to -5, we will add a field called "hidden" to the "comments" document and set
its value to true.

arrayFilters: [ { "elem.votes": { Slte: -5} } 1]

Upserts

An upsert is a special type of update. If no document is found that matches the filter, a
new document will be created by combining the criteria and updated documents. If a
matching document is found, it will be updated normally. Upserts can be handy
because they can eliminate the need to “seed” your collection: you can often have the
same code create and update documents.

Let’s go back to our example that records the number of views for each page of a web-
site. Without an upsert, we might try to find the URL and increment the number of
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views or create a new document if the URL doesn’t exist. If we were to write this out
as a JavaScript program it might look something like the following:

// check if we have an entry for this page
blog = db.analytics.findOne({url : "/blog"})

// if we do, add one to the number of views and save
if (blog) {

blog.pageviews++;

db.analytics.save(blog);

}
// otherwise, create a new document for this page
else {
db.analytics.insertOne({url : "/blog", pageviews : 1})
}

This means we are making a round trip to the database, plus sending an update or
insert, every time someone visits a page. If we are running this code in multiple pro-
cesses, we are also subject to a race condition where more than one document can be
inserted for a given URL.

We can eliminate the race condition and cut down the amount of code by just send-
ing an upsert to the database (the third parameter to updateOne and updateMany is an
options document that enables us to specify this):

> db.analytics.updateOne({"url" : "/blog"}, {"$inc" : {"pageviews" : 1}},
... {"upsert" : true})

This line does exactly what the previous code block does, except it’s faster and atomic!

The new document is created by using the criteria document as a base and applying
any modifier documents to it.

For example, if you do an upsert that matches a key and increments to the value of
that key, the increment will be applied to the match:

> db.users.updateOne({"rep" : 25}, {"$inc" : {"rep" : 3}}, {"upsert" : true})
WriteResult({
"acknowledged" : true,
"matchedCount" : 0,
"modifiedCount" : 0,
"upsertedId" : ObjectId("5a93b07aaealcb8780a4cf72")
b
> db.users.findOne({"_1id" : ObjectId("5727b2a7223502483c7f3acd")} )
{ "_id" : ObjectId("5727b2a7223502483c7f3acd"), "rep" : 28 }

The upsert creates a new document with a "rep" of 25 and then increments that by 3,
giving us a document where "rep" is 28. If the upsert option were not specified,
{"rep" : 25} would not match any documents, so nothing would happen.
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If we run the upsert again (with the criterion {"rep" : 25}), it will create another
new document. This is because the criterion does not match the only document in the
collection. (Its "rep" is 28.)

Sometimes a field needs to be set when a document is created, but not changed on
subsequent updates. This is what "$setOnInsert" is for. "$setOnInsert" is an opera-
tor that only sets the value of a field when the document is being inserted. Thus, we
could do something like this:

> db.users.updateOne({}, {"SsetOnInsert" : {"createdAt" : new Date()}},
... {"upsert" : true})
{

"acknowledged" : true,
"matchedCount" : 0,
"modifiedCount" : 0,
"upsertedId" : ObjectId("5727b4ac223502483c7f3ace")
}
> db.users.findOne()
{
" 1d" : ObjectId("5727b4ac223502483c7f3ace"),
"createdAt" : ISODate("2016-05-02T20:12:28.640Z")
}

If we run this update again, it will match the existing document, nothing will be
inserted, and so the "createdAt" field will not be changed:

> db.users.updateOne({}, {"SsetOnInsert" : {"createdAt" : new Date()}},
... {"upsert" : true})

{ "acknowledged" : true, "matchedCount" : 1, "modifiedCount" : 0 }

> db.users.findOne()

{
" 1d" : ObjectId("5727b4ac223502483c7f3ace"),

"createdAt" : ISODate("2016-05-02T20:12:28.640Z")
}
Note that you generally do not need to keep a "createdAt" field, as ObjectIds con-
tain a timestamp of when the document was created. However, "$setOnInsert" can
be useful for creating padding, initializing counters, and for collections that do not
use ObjectIds.

The save shell helper

save is a shell function that lets you insert a document if it doesn’t exist and update it
if it does. It takes one argument: a document. If the document contains an "_id" key,
save will do an upsert. Otherwise, it will do an insert. save is really just a conve-
nience function so that programmers can quickly modify documents in the shell:

> var x = db.testcol.findOne()
> x.num = 42
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42
> db.testcol.save(x)

Without save, the last line would have been more cumbersome:

db.testcol.replaceOne({"_id" : x._1id}, x)

Updating Multiple Documents

So far in this chapter we have used updateOne to illustrate update operations.
updateOne updates only the first document found that matches the filter criteria. If
there are more matching documents, they will remain unchanged. To modify all of
the documents matching a filter, use updateMany. updateMany follows the same
semantics as updateOne and takes the same parameters. The key difference is in the
number of documents that might be changed.

updateMany provides a powerful tool for performing schema migrations or rolling
out new features to certain users. Suppose, for example, we want to give a gift to every
user who has a birthday on a certain day. We can use updateMany to add a "gift" to
their accounts. For example:

> db.users.insertMany([

... {birthday: "10/13/1978"},

... {birthday: "10/13/1978"},
. {birthday: "10/13/1978"}])

"acknowledged" : true,

"{nsertedIds" : [
ObjectId("5727d6fc6855a935cb57a65b"),
ObjectId("5727d6fc6855a935¢chb57a65¢c"),
ObjectId("5727d6fc6855a935cb57a65d")

1

}
> db.users.updateMany({"birthday" : "10/13/1978"},

oo {"Sset" ¢ {"gift" : "Happy Birthday!"}})

{ "acknowledged" : true, "matchedCount" : 3, "modifiedCount" : 3 }
The call to updateMany adds a "gift" field to each of the three documents we inser-
ted into the users collection immediately before.

Returning Updated Documents

For some use cases it is important to return the document modified. In earlier ver-
sions of MongoDB, findAndModify was the method of choice in such situations. It is
handy for manipulating queues and performing other operations that need get-and-
set—style atomicity. However, findAndModify is prone to user error because its a
complex method combining the functionality of three different types of operations:
delete, replace, and update (including upserts).
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MongoDB 3.2 introduced three new collection methods to the shell to accommodate
the functionality of findAndModify, but with semantics that are easier to learn and
remember: findOneAndDelete, findOneAndReplace, and findOneAndUpdate. The
primary difference between these methods and, for example, updateOne is that they
enable you to atomically get the value of a modified document. MongoDB 4.2 exten-
ded findOneAndUpdate to accept an aggregation pipeline for the update. The pipeline
can consist of the following stages: $addFields and its alias $set, Sproject and its
alias $unset, and SreplaceRoot and its alias $replaceWith.

Suppose we have a collection of processes run in a certain order. Each is represented
with a document that has the following form:

{
"_id" : ObjectId(),
"status" : "state",
"priority" : N

}

"status" is a string that can be "READY", "RUNNING", or "DONE". We need to find the
job with the highest priority in the "READY" state, run the process function, and then
update the status to "DONE". We might try querying for the ready processes, sorting by
priority, and updating the status of the highest-priority process to mark it as
"RUNNING". Once we have processed it, we update the status to "DONE". This looks
something like the following:

var cursor = db.processes.find({"status" : "READY"});

ps = cursor.sort({"priority" : -1}).limit(1).next();
db.processes.updateOne({"_id" : ps._id}, {"$set" : {"status" : "RUNNING"}});
do_something(ps);

db.processes.updateOne({"_i1d" : ps._id}, {"$set" : {"status" : "DONE"}});

This algorithm isn't great because it is subject to a race condition. Suppose we have
two threads running. If one thread (call it A) retrieved the document and another
thread (call it B) retrieved the same document before A had updated its status to
"RUNNING", then both threads would be running the same process. We can avoid this
by checking the result as part of the update query, but this becomes complex:

var cursor = db.processes.find({"status" : "READY"});
cursor.sort({"priority" : -1}).limit(1);
while ((ps = cursor.next()) != null) {
var result = db.processes.updateOne({"_id" : ps._id, "status" : "READY"},
{"$set" : {"status" : "RUNNING"}});
if (result.modifiedCount === 1) {
do_something(ps);
db.processes.updateOne({"_id" : ps._id}, {"$set" : {"status" : "DONE"}});
break;
}
cursor = db.processes.find({"status" : "READY"});
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cursor.sort({"priority" : -1}).limit(1);
}
Also, depending on timing, one thread may end up doing all the work while another
thread uselessly trails it. Thread A could always grab the process, and then B would
try to get the same process, fail, and leave A to do all the work.

Situations like this are perfect for findOneAndUpdate. findOneAndUpdate can return
the item and update it in a single operation. In this case, it looks like the following:

> db.processes.findOneAndUpdate({"status" : "READY"},
.. {"$set" : {"status" : "RUNNING"}},
oo {"sort" : {"priority" : -1}})
{
"_1d" : ObjectId("4b3e7a18005cab32be6291f7"),
"priority" : 1,
"status" : "READY"

}

Notice that the status is still "READY" in the returned document because the
findOneAndUpdate method defaults to returning the state of the document before it
was modified. It will return the updated document if we set the "returnNewDocu
ment" field in the options document to true. An options document is passed as the
third parameter to findOneAndUpdate:

> db.processes.findOneAndUpdate({"status" : "READY"},
... {"Sset" : {"status" : "RUNNING"}},
.o {"sort" : {"priority" : -1},
... '"returnNewDocument": true})
{
"_1d" : ObjectId("4b3e7a18005cab32be6291f7"),
"priority" : 1,
"status" : "RUNNING"
}
Thus, the program becomes the following:
ps = db.processes.findOneAndUpdate({"status" : "READY"},
{"$set" : {"status" : "RUNNING"}},
{"sort" : {"priority" : -1},

"returnNewDocument": true})

do_something(ps)

db.process.updateOne({"_id" : ps._id}, {"$set" : {"status" : "DONE"}})
In addition to this one, there are two other methods you should be aware of.
findOneAndReplace takes the same parameters and returns the document matching
the filter either before or after the replacement, depending on the value of returnNew
Document. findOneAndDelete is similar except it does not take an update document
as a parameter and has a subset of the options of the other two methods. findOneAnd
Delete returns the deleted document.

Updating Documents | 51






CHAPTER 4

Querying

This chapter looks at querying in detail. The main areas covered are as follows:

e You can query for ranges, set inclusion, inequalities, and more by using
$ conditionals.

o Queries return a database cursor, which lazily returns batches of documents as
you need them.

o There are a lot of metaoperations you can perform on a cursor, including skip-
ping a certain number of results, limiting the number of results returned, and
sorting results.

Introduction to find

The find method is used to perform queries in MongoDB. Querying returns a subset
of documents in a collection, from no documents at all to the entire collection. Which
documents get returned is determined by the first argument to find, which is a docu-
ment specifying the query criteria.

An empty query document (i.e., {}) matches everything in the collection. If find isn't
given a query document, it defaults to {}. For example, the following:
> db.c.find()

matches every document in the collection ¢ (and returns these documents in batches).

When we start adding key/value pairs to the query document, we begin restricting
our search. This works in a straightforward way for most types: numbers match num-
bers, booleans match booleans, and strings match strings. Querying for a simple type
is as easy as specifying the value that you are looking for. For example, to find all
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documents where the value for "age" is 27, we can add that key/value pair to the
query document:

> db.users.find({"age" : 27})

If we have a string we want to match, such as a "username" key with the value "joe",
we use that key/value pair instead:

> db.users.find({"username" : "joe"})

Multiple conditions can be strung together by adding more key/value pairs to the
query document, which gets interpreted as “conditioni AND condition2 AND ...
AND conditionN. For instance, to get all users who are 27-year-olds with the user-
name “joe,” we can query for the following:

> db.users.find({"username" : "joe", "age" : 27})

Specifying Which Keys to Return

Sometimes you do not need all of the key/value pairs in a document returned. If this
is the case, you can pass a second argument to find (or findOne) specifying the keys
you want. This reduces both the amount of data sent over the wire and the time and
memory used to decode documents on the client side.

For example, if you have a user collection and you are interested only in the
"username" and "email" keys, you could return just those keys with the following

query:

> db.users.find({}, {"username" : 1, "email" : 1})
{
"_1d" : ObjectId("4ba0f0dfd22aa494fd523620"),
"username" : "joe",
"email" : "joe@example.com"

}

As you can see from the previous output, the "_id" key is returned by default, even if
it isn't specifically requested.

You can also use this second parameter to exclude specific key/value pairs from the
results of a query. For instance, you may have documents with a variety of keys, and
the only thing you know is that you never want to return the "fatal_weakness" key:

> db.users.find({}, {"fatal_weakness" : 0})
This can also prevent "_id" from being returned:

> db.users.find({}, {"username" : 1, "_id" : 0})

{
}

"username" : "joe",
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Limitations

There are some restrictions on queries. The value of a query document must be a
constant as far as the database is concerned. (It can be a normal variable in your own
code.) That is, it cannot refer to the value of another key in the document. For exam-
ple, if we were keeping inventory and we had both "in_stock" and "num_sold" keys,
we couldn’t compare their values by querying the following:

> db.stock.find({"in_stock" : "this.num_sold"}) // doesn't work

There are ways to do this (see “$where Queries” on page 65), but you will usually get
better performance by restructuring your document slightly, such that a “normal”
query will suffice. In this example, we could instead use the keys "initial_stock"
and "in_stock". Then, every time someone buys an item, we decrement the value of
the "in_stock" key by one. Finally, we can do a simple query to check which items
are out of stock:

> db.stock.find({"in_stock" : 0})

Query Criteria

Queries can go beyond the exact matching described in the previous section; they can
match more complex criteria, such as ranges, OR-clauses, and negation.

Query Conditionals

"S1t", "Slte", "$gt", and "$gte" are all comparison operators, corresponding to <,
<=, >, and >=, respectively. They can be combined to look for a range of values. For
example, to look for users who are between the ages of 18 and 30, we can do this:

> db.users.find({"age" : {"Sgte" : 18, "Slte" : 30}})

This would find all documents where the "age" field was greater than or equal to 18
AND less than or equal to 30.

These types of range queries are often useful for dates. For example, to find people
who registered before January 1, 2007, we can do this:

> start = new Date("01/01/2007")

> db.users.find({"registered" : {"Slt" : start}})
Depending on how you create and store dates, an exact match might be less useful,
since dates are stored with millisecond precision. Often you want a whole day, week,
or month, making a range query necessary.

To query for documents where a key’s value is not equal to a certain value, you must
use another conditional operator, "$ne", which stands for “not equal” If you want to
find all users who do not have the username “joe,” you can query for them using this:
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> db.users.find({"username" : {"Sne" : "joe"}})

"$ne" can be used with any type.

OR Queries

There are two ways to do an OR query in MongoDB. "$1n" can be used to query for a
variety of values for a single key. "Sor" is more general; it can be used to query for
any of the given values across multiple keys.

If you have more than one possible value to match for a single key, use an array of
criteria with "$in". For instance, suppose were running a raffle and the winning
ticket numbers are 725, 542, and 390. To find all three of these documents, we can
construct the following query:

> db.raffle.find({"ticket_no" : {"$in" : [725, 542, 390]}})

"$in" is very flexible and allows you to specify criteria of different types as well as
values. For example, if we are gradually migrating our schema to use usernames
instead of user ID numbers, we can query for either by using this:

> db.users.find({"user_id" : {"$in" : [12345, "joe"]}})
This matches documents with a "user_id" equal to 12345 and documents with a
"user_1id" equal to "joe".

If "$in" is given an array with a single value, it behaves the same as directly matching
the value. For instance, {ticket_no : {$in : [725]}} matches the same documents
as {ticket_no : 725}.

The opposite of "$in" is "$nin", which returns documents that don’t match any of
the criteria in the array. If we want to return all of the people who didn’t win anything
in the raffle, we can query for them with this:

> db.raffle.find({"ticket_no" : {"Snin" : [725, 542, 390]}})

This query returns everyone who did not have tickets with those numbers.

"$in" gives you an OR query for a single key, but what if we need to find documents
where "ticket_no" is 725 or "winner" is true? For this type of query, we'll need to
use the "$or" conditional. "$or" takes an array of possible criteria. In the raffle case,
using "$or" would look like this:

> db.raffle.find({"Sor" : [{"ticket_no" : 7253}, {"winner" : true}]})

"Sor" can contain other conditionals. If, for example, we want to match any of the
three "ticket_no" values or the "winner" key, we can use this:

> db.raffle.find({"Sor" : [{"ticket_no" : {"$in" : [725, 542, 390]}},
"winner" : true}]})
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With a normal AND-type query, you want to narrow down your results as far as pos-
sible in as few arguments as possible. OR-type queries are the opposite: they are most
efficient if the first arguments match as many documents as possible.

While "$or" will always work, use "$in" whenever possible as the query optimizer
handles it more efficiently.

Snot

"$not" is a metaconditional: it can be applied on top of any other criteria. As an
example, let’s consider the modulus operator, "$mod". "$mod" queries for keys whose
values, when divided by the first value given, have a remainder of the second value:

> db.users.find({"id_num" : {"$mod" : [5, 11}})

The previous query returns users with "id_num"s of 1, 6, 11, 16, and so on. If we
want, instead, to return users with "id_num"s of 2, 3, 4, 5, 7, 8, 9, 10, 12, etc., we can
use "$not":

> db.users.find({"id_num" : {"Snot" : {"Smod" : [5, 1]1}}})

"$not" can be particularly useful in conjunction with regular expressions to find all
documents that don’t match a given pattern (regular expression usage is described in
the section “Regular Expressions” on page 58).

Type-Specific Queries

As covered in Chapter 2, MongoDB has a wide variety of types that can be used in a
document. Some of these types have special behavior when querying.

null

null behaves a bit strangely. It does match itself, so if we have a collection with the
following documents:

db.c.find()

" 1d" : ObjectId("4ba0fodfd22aa494fd523621"), "y" : null }
" id" : ObjectId("4badfodfd22aa494fd523622"), "y" : 1 }

" 1d" : ObjectId("4ba0f148d22aa494fd523623"), "y" : 2 }

Ama Y

we can query for documents whose "y" key is null in the expected way:

> db.c.find({"y" : null})
{ "_id" : ObjectId("4ba0f0dfd22aa494fd523621"), "y" : null }

However, null also matches “does not exist” Thus, querying for a key with the value
null will return all documents lacking that key:

> db.c.find({"z" : null})
{ "_id" : ObjectId("4ba0f0dfd22aa494fd523621"), "y" : null }
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{ " id" : ObjectId("4badfedfd22aa494fd523622"), "y" : 1 }
{ "_id" : ObjectId("4ba0f148d22aa494fd523623"), "y" : 2 }

If we only want to find keys whose value is null, we can check that the key is null
and exists using the "$exists" conditional:

> db.c.find({"z" : {"$Seq" : null, "Sexists" : true}})

Regular Expressions

"$regex" provides regular expression capabilities for pattern matching strings in
queries. Regular expressions are useful for flexible string matching. For example, if we
want to find all users with the name “Joe” or “joe,” we can use a regular expression to
do case-insensitive matching:

> db.users.find( {"name" : {"Sregex" : /joe/i } })

Regular expression flags (e.g., 1) are allowed but not required. If we want to match
not only various capitalizations of “joe,” but also “joey;” we can continue to improve
our regular expression:

> db.users.find({"name" : /joey?/i})

MongoDB uses the Per]l Compatible Regular Expression (PCRE) library to match reg-
ular expressions; any regular expression syntax allowed by PCRE is allowed in
MongoDB. It is a good idea to check your syntax with the JavaScript shell before
using it in a query to make sure it matches what you think it matches.

MongoDB can leverage an index for queries on prefix regular
expressions (e.g., /~joey/). Indexes cannot be used for case-
insensitive searches (/~joey/i). A regular expression is a “prefix
expression” when it starts with either a caret (*) or a left anchor
(\A). If the regular expression uses a case-sensitive query, then if an
index exists for the field, the matches can be conducted against val-
ues in the index. If it also is a prefix expression, then the search can
be limited to the values within the range created by that prefix from
the index.

Regular expressions can also match themselves. Very few people insert regular
expressions into the database, but if you insert one, you can match it with itself:

> db.foo.insertOne({"bar" : /baz/})
> db.foo.find({"bar" : /baz/})
{

" id" : ObjectId("4b23c3ca7525f35f94b60a2d"),
"bar" : /baz/
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Querying Arrays
Querying for elements of an array is designed to behave the way querying for scalars
does. For example, if the array is a list of fruits, like this:
> db.food.insertOne({"fruit" : ["apple", "banana", "peach"]})
the following query will successfully match the document:
> db.food.find({"fruit" : "banana"})

We can query for it in much the same way as we would if we had a document that
looked like the (illegal) document {"fruit" : "apple", "fruit" : "banana",
"fruit" : "peach"}.

”$a"”

If you need to match arrays by more than one element, you can use "$all". This
allows you to match a list of elements. For example, suppose we create a collection
with three elements:

> db.food.insertOne({"_id" : 1, "fruit" : ["apple", "banana", "peach"]})

> db.food.insertOne({"_id" : 2, "fruit" : ["apple", "kumquat", "orange"]})

> db.food.insertOne({"_id" : 3, "fruit" : ["cherry", "banana", "apple"]})
Then we can find all documents with both "apple" and "banana” elements by query-
ing with "$all":

> db.food.find({fruit : {$all : ["apple", "banana"]}})

{"_id" : 1, "fruit" : ["apple", "banana", "peach"]}

{"_1d" : 3, "fruit" : ["cherry", "banana", "apple"]}
Order does not matter. Notice "banana" comes before "apple" in the second result.
Using a one-element array with "$all" is equivalent to not using "$all". For
instance, {fruit : {$all : ['apple']} will match the same documents as
{fruit : 'apple'}.

You can also query by exact match using the entire array. However, exact match will
not match a document if any elements are missing or superfluous. For example, this
will match the first of our three documents:

> db.food.find({"fruit" : ["apple", "banana", "peach"]})
But this will not:

> db.food.find({"fruit" : ["apple", "banana"]})
and neither will this:

> db.food.find({"fruit" : ["banana", "apple", "peach"]})

If you want to query for a specific element of an array, you can specify an index using
the syntax key.index:
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> db.food.find({"fruit.2" : "peach"})

Arrays are always 0-indexed, so this would match the third array element against the
string "peach".

”$Size”

A useful conditional for querying arrays is "$size", which allows you to query for
arrays of a given size. Here’s an example:

> db.food. find({"fruit” : {"$size" : 3}})

One common query is to get a range of sizes. "$size" cannot be combined with
another $ conditional (in this example, "$gt"), but this query can be accomplished by
adding a "size" key to the document. Then, every time you add an element to the
array, increment the value of "size". If the original update looked like this:

> db.food.update(criteria, {"Spush" : {"fruit" : "strawberry"}})
it can simply be changed to this:

> db.food.update(criteria,
... {"Spush" : {"fruit" : "strawberry"}, "$inc" : {"size" : 1}})

Incrementing is extremely fast, so any performance penalty is negligible. Storing
documents like this allows you to do queries such as this:

> db.food.find({"size" : {"S$gt" : 3}})

Unfortunately, this technique doesn’t work as well with the "$addToSet" operator.

“$slice”

As mentioned earlier in this chapter, the optional second argument to find specifies
the keys to be returned. The special "$slice" operator can be used to return a subset
of elements for an array key.

For example, suppose we had a blog post document and we wanted to return the first
10 comments:

> db.blog.posts.findOne(criteria, {"comments" : {"S$slice" : 10}})
Alternatively, if we wanted the last 10 comments, we could use -10:
> db.blog.posts.findOne(criteria, {"comments" : {"S$slice" : -103}})

"$slice" can also return pages in the middle of the results by taking an offset and the
number of elements to return:

> db.blog.posts.findOne(criteria, {"comments" : {"Sslice" : [23, 10]}})

This would skip the first 23 elements and return the 24th through 33rd. If there were
fewer than 33 elements in the array, it would return as many as possible.
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Unless otherwise specified, all keys in a document are returned when "$slice" is
used. This is unlike the other key specifiers, which suppress unmentioned keys from
being returned. For instance, if we had a blog post document that looked like this:

{
" 1d" : ObjectId("4b2d75476cc613d5ee930164"),

"title" : "A blog post",
"content" : "...",
"comments" : [
{
"name" : "joe",
"email" : "joe@example.com",
"content” : "nice post."
1,
{
"name" : "bob",
"email" : "bob@example.com",
"content" : "good post."
}
1
}
and we did a "$slice" to get the last comment, wed get this:
> db.blog.posts.findOne(criteria, {"comments" : {"$slice" : -1}})
{
" 1d" : ObjectId("4b2d75476cc613d5ee930164"),
"title" : "A blog post",
"content" : "...",
"comments" : [
{
"name" : "bob",
"email" : "bob@example.com",
"content" : "good post."
}
1

}

Both "title" and "content" are still returned, even though they weren’t explicitly
included in the key specifier.

Returning a matching array element

"$slice" is helpful when you know the index of the element, but sometimes you
want whichever array element matched your criteria. You can return the matching
element with the $ operator. Given the previous blog example, you could get Bob’s
comment back with:

> db.blog.posts.find({"comments.name" : "bob"}, {"comments.$" : 1})

{
" id" : ObjectId("4b2d75476cc613d5€e930164"),
"comments" : [
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"name" : "bob",
"email" : "bob@example.com",
"content" : "good post."

}

Note that this only returns the first match for each document: if Bob had left multiple
comments on this post, only the first one in the "comments" array would be returned.

Array and range query interactions

Scalars (nonarray elements) in documents must match each clause of a query’s crite-
ria. For example, if you queried for {"x" : {"$gt" : 10, "$1t" : 20}}, "x" would
have to be both greater than 10 and less than 20. However, if a document’s "x" field is
an array, the document matches if there is an element of "x" that matches each part of
the criteria but each query clause can match a different array element.

The best way to understand this behavior is to see an example. Suppose we have the
following documents:

{"x" : 5}
{"x" : 15}
{"x" : 25}
{"x" : [5, 251}

If we wanted to find all documents where "x" is between 10 and 20, we might naively
structure a query as db.test.find({"x" : {"Sgt" : 10, "$1t" : 20}}) and

expect to get back one document: {"x" : 15}. However, running this, we get two:
> db.test.find({"x" : {"Sgt" : 10, "S1t" : 20}})
{"x" : 15}
{"x" =[5, 251}

Neither 5 nor 25 is between 10 and 20, but the document is returned because 25
matches the first clause (it is greater than 10) and 5 matches the second clause (it is
less than 20).

This makes range queries against arrays essentially useless: a range will match any
multielement array. There are a couple of ways to get the expected behavior.

First, you can use "$elemMatch” to force MongoDB to compare both clauses with a
single array element. However, the catch is that "$elemMatch" won't match nonarray
elements:

> db.test.find({"x" : {"SelemMatch" : {"$gt" : 10, "$1t" : 20}}})

> // no results

The document {"x" : 15} no longer matches the query, because the "x" field is not
an array. That said, you should have a good reason for mixing array and scalar values
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in a field. Many uses cases do not require mixing. For those, "$elemMatch" provides a
good solution for range queries on array elements.

If you have an index over the field that youre querying on (see Chapter 5), you can
use min and max to limit the index range traversed by the query to your "$gt" and
"$1t" values:
> db.test.find({"x" : {"Sgt" : 10, "S1t" : 20}}).min({"x" : 10}).max({"x" : 20})
{"x" : 15}
Now this will only traverse the index from 10 to 20, missing the 5 and 25 entries. You
can only use min and max when you have an index on the field you are querying for,
though, and you must pass all fields of the index to min and max.

Using min and max when querying for ranges over documents that may include arrays
is generally a good idea. The index bounds for a "$gt"/"$1t" query over an array is
inefficient. It basically accepts any value, so it will search every index entry, not just
those in the range.

Querying on Embedded Documents

There are two ways of querying for an embedded document: querying for the whole
document or querying for its individual key/value pairs.

Querying for an entire embedded document works identically to a normal query. For
example, if we have a document that looks like this:

{
"name" : {
"first" : "Joe",
"last" : "Schmoe"
1,
"age" : 45
}

we can query for someone named Joe Schmoe with the following:
> db.people.find({"name" : {"first" : "Joe", "last" : "Schmoe"}})

However, a query for a full subdocument must exactly match the subdocument. If Joe
decides to add a middle name field, suddenly this query wont work anymore; it
doesn't match the entire embedded document! This type of query is also order-
sensitive: {"last" : "Schmoe", "first" : "Joe"} would not be a match.

If possible, it’s usually a good idea to query for just a specific key or keys of an embed-
ded document. Then, if your schema changes, all of your queries won't suddenly
break because they’re no longer exact matches. You can query for embedded keys
using dot notation:

> db.people.find({"name.first" : "Joe", "name.last" : "Schmoe"})
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Now, if Joe adds more keys, this query will still match his first and last names.

This dot notation is the main difference between query documents and other docu-
ment types. Query documents can contain dots, which mean “reach into an embed-
ded document” Dot notation is also the reason that documents to be inserted cannot
contain the . character. Oftentimes people run into this limitation when trying to
save URLs as keys. One way to get around it is to always perform a global replace
before inserting or after retrieving, substituting a character that isn’t legal in URLs for
the dot character.

Embedded document matches can get a little tricky as the document structure gets
more complicated. For example, suppose we are storing blog posts and we want to
find comments by Joe that were scored at least a 5. We could model the post as
follows:

> db.blog.find()

{
"content" : "...",
"comments" : [
{
"author" : "joe",
"score" : 3,
"comment" : "nice post"
1,
{
"author" : "mary",
"score" : 6,
"comment" : "terrible post"
}
1
}
Now, we can’t query using db.blog.find({"comments" : {"author" : "joe",
"score" : {"Sgte" : 5}}}). Embedded document matches have to match the
whole document, and this doesn’t match the "comment" key. It also wouldn't work to
do db.blog.find({"comments.author" : "joe", "comments.score" : {"$gte"

5}}), because the author criterion could match a different comment than the score
criterion. That is, it would return the document shown above: it would match
"author" : "joe" in the first comment and "score" : 6 in the second comment.

To correctly group criteria without needing to specify every key, use "$elemMatch".
This vaguely named conditional allows you to partially specify criteria to match a sin-
gle embedded document in an array. The correct query looks like this:

> db.blog.find({"comments" : {"SelemMatch" :
... {"author" : "joe", "score" : {"Sgte" : 5}}}})

"$elemMatch” allows you to “group” your criteria. As such, it’s only needed when you
have more than one key you want to match on in an embedded document.
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Swhere Queries

Key/value pairs are a fairly expressive way to query, but there are some queries that
they cannot represent. For queries that cannot be done any other way, there are
"$where" clauses, which allow you to execute arbitrary JavaScript as part of your
query. This allows you to do (almost) anything within a query. For security, use of
"$where" clauses should be highly restricted or eliminated. End users should never be
allowed to execute arbitrary "$where" clauses.

The most common case for using "$where" is to compare the values for two keys in a
document. For instance, suppose we have documents that look like this:

> db.foo.insertOne({"apple" : 1, "banana" : 6, "peach" : 3})

> db.foo.insertOne({"apple" : 8, "spinach" : 4, "watermelon" : 4})
Wed like to return documents where any two of the fields are equal. For example, in
the second document, "spinach" and "watermelon" have the same value, so wed like
that document returned. It’s unlikely MongoDB will ever have a $ conditional for this,
so we can use a "$where" clause to do it with JavaScript:

> db.foo.find({"Swhere" : function () {
... for (var current in this) {
for (var other in this) {
if (current != other && this[current] == this[other]) {
return true;

}
}
..
... return false;
N 10K

If the function returns true, the document will be part of the result set; if it returns
false, it won't be.

"$where" queries should not be used unless strictly necessary: they are much slower
than regular queries. Each document has to be converted from BSON to a JavaScript
object and then run through the "$where" expression. Indexes cannot be used to sat-
isfy a "$where" either. Hence, you should use "$where" only when there is no other
way of doing the query. You can cut down on the penalty by using other query filters
in combination with "$where". If possible, an index will be used to filter based on the
non-$where clauses; the "$where" expression will be used only to fine-tune the
results. MongoDB 3.6 added the $expr operator which allows the use of aggregation
expressions with the MongoDB query language. It is faster than $where as it does not
execute JavaScript and is recommended as a replacement to this operator where
possible.

Another way of doing complex queries is to use one of the aggregation tools, which
are covered in Chapter 7.
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Cursors

The database returns results from find using a cursor. The client-side implementa-
tions of cursors generally allow you to control a great deal about the eventual output
of a query. You can limit the number of results, skip over some number of results, sort
results by any combination of keys in any direction, and perform a number of other
powerful operations.

To create a cursor with the shell, put some documents into a collection, do a query on
them, and assign the results to a local variable (variables defined with "var" are
local). Here, we create a very simple collection and query it, storing the results in the
cursor variable:

> for(i=0; 1<100; i++) {
. db.collection.insertOne({x : i});

-}

> var cursor = db.collection.find();
The advantage of doing this is that you can look at one result at a time. If you store
the results in a global variable or no variable at all, the MongoDB shell will automati-
cally iterate through and display the first couple of documents. This is what we've
been seeing up until this point, and it is often the behavior you want for seeing what's
in a collection but not doing actual programming with the shell.

To iterate through the results, you can use the next method on the cursor. You can
use hasNext to check whether there is another result. A typical loop through result
looks like the following:

> while (cursor.hasNext()) {
obj = cursor.next();
.. // do stuff

-}
cursor.hasNext() checks that the next result exists, and cursor.next() fetches it.

The cursor class also implements JavaScript’s iterator interface, so you can use it in a
forEach loop:

> var cursor = db.people.find();

> cursor.forEach(function(x) {
print(x.name);

N

adam

matt

zak

When you call find, the shell does not query the database immediately. It waits until
you start requesting results to send the query, which allows you to chain additional
options onto a query before it is performed. Almost every method on a cursor object
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returns the cursor itself, so that you can chain options in any order. For instance, all
of the following are equivalent:

> var cursor = db.foo.find().sort({"x" : 1}).limit(1).skip(10);

> var cursor = db.foo.find().limit(1).sort({"x" : 13}).skip(10);

> var cursor = db.foo.find().skip(10).limit(1).sort({"x" : 1});
At this point, the query has not been executed yet. All of these functions merely build
the query. Now, suppose we call the following:

> cursor.hasNext()

At this point, the query will be sent to the server. The shell fetches the first 100 results
or first 4 MB of results (whichever is smaller) at once so that the next calls to next or
hasNext will not have to make trips to the server. After the client has run through the
first set of results, the shell will again contact the database and ask for more results
with a getMore request. getMore requests basically contain an identifier for the cursor
and ask the database if there are any more results, returning the next batch if there
are. This process continues until the cursor is exhausted and all results have been
returned.

Limits, Skips, and Sorts

The most common query options are limiting the number of results returned, skip-
ping a number of results, and sorting. All these options must be added before a query
is sent to the database.

To set a limit, chain the limit function onto your call to find. For example, to only
return three results, use this:

> db.c.find().limit(3)

If there are fewer than three documents matching your query in the collection, only
the number of matching documents will be returned; l1imit sets an upper limit, not a
lower limit.

skip works similarly to 1imit:

> db.c.find().skip(3)

This will skip the first three matching documents and return the rest of the matches.
If there are fewer than three documents in your collection, it will not return any
documents.

sort takes an object: a set of key/value pairs where the keys are key names and the
values are the sort directions. The sort direction can be 1 (ascending) or -1 (descend-
ing). If multiple keys are given, the results will be sorted in that order. For instance, to
sort the results by "username" ascending and "age" descending, we do the following:

> db.c.find().sort({username : 1, age : -1})
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These three methods can be combined. This is often handy for pagination. For exam-
ple, suppose that you are running an online store and someone searches for mp3. If
you want 50 results per page sorted by price from high to low, you can do the
following:

> db.stock.find({"desc" : "mp3"}).limit(50).sort({"price" : -1})

If that person clicks Next Page to see more results, you can simply add a skip to the
query, which will skip over the first 50 matches (which the user already saw on page
1):

> db.stock.find({"desc" : "mp3"}).limit(50).skip(50).sort({"price" : -1})

However, large skips are not very performant; there are suggestions for how to avoid
them in the next section.

Comparison order

MongoDB has a hierarchy as to how types compare. Sometimes you will have a single
key with multiple types: for instance, integers and booleans, or strings and nulls. If
you do a sort on a key with a mix of types, there is a predefined order that they will be
sorted in. From least to greatest value, this ordering is as follows:

Minimum value

Null

Numbers (integers, longs, doubles, decimals)
Strings

Object/document

Array

Binary data

Object ID

Boolean

Date

¥ ® Nk w D

—_—
= O

. Timestamp

—
[\

. Regular expression

. Maximum value

—
w

Avoiding Large Skips

Using skip for a small number of documents is fine. But for a large number of results,
skip can be slow, since it has to find and then discard all the skipped results. Most
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databases keep more metadata in the index to help with skips, but MongoDB does
not yet support this, so large skips should be avoided. Often you can calculate the
results of the next query based on the previous one.

Paginating results without skip

The easiest way to do pagination is to return the first page of results using 1imit and
then return each subsequent page as an offset from the beginning:

// do not use: slow for large skips

var pagel = db.foo.find(criteria).limit(100)

var page2 = db.foo.find(criteria).skip(100).1limit(100)
var page3 = db.foo.find(criteria).skip(200).1limit(100)

VvV V. V Vv

However, depending on your query, you can usually find a way to paginate without
skips. For example, suppose we want to display documents in descending order based
on "date". We can get the first page of results with the following:

> var pagel = db.foo.find().sort({"date" : -1}).limit(100)

Then, assuming the date is unique, we can use the "date" value of the last document
as the criterion for fetching the next page:

var latest = null;

// display first page

while (pagel.hasNext()) {
latest = pagel.next();
display(latest);

}

// get next page
var page2 = db.foo.find({"date" : {"Slt" : latest.date}});

page2.sort({"date" : -13}).limit(100);

Now the query does not need to include a skip.

Finding a random document

One fairly common problem is how to get a random document from a collection. The
naive (and slow) solution is to count the number of documents and then do a find,
skipping a random number of documents between zero and the size of the collection:

// do not use

var total = db.foo.count()

var random = Math.floor(Math.random()*total)
db.foo.find().skip(random).limit(1)

vV V. V Vv

It is actually highly inefficient to get a random element this way: you have to do a
count (which can be expensive if you are using criteria), and skipping large numbers
of elements can be time-consuming.
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It takes a little forethought, but if you know you’ll be looking up a random element in
a collection, there’s a much more efficient way to do so. The trick is to add an extra
random key to each document when it is inserted. For instance, if were using the
shell, we could use the Math.random() function (which creates a random number
between 0 and 1):

> db.people.insertOne({"name" : "joe", "random" : Math.random()})
> db.people.insertOne({"name" : "john", "random" : Math.random()})
> db.people.insertOne({"name" : "jim", "random" : Math.random()})

Now, when we want to find a random document from the collection, we can calculate
a random number and use that as a query criterion, instead of using skip:

> var random = Math.random()
> result = db.people.findOne({"random" : {"$gt" : random}})

There is a slight chance that random will be greater than any of the "random" values in
the collection, and no results will be returned. We can guard against this by simply
returning a document in the other direction:
> if (result == null) {

. result = db.people.findOne({"random" : {"$lte" : random}})

-}
If there aren’t any documents in the collection, this technique will end up returning
null, which makes sense.

This technique can be used with arbitrarily complex queries; just make sure to have
an index that includes the random key. For example, if we want to find a random
plumber in California, we can create an index on "profession", "state", and
"random":

> db.people.ensurelndex({"profession" : 1, "state" : 1, "random" : 1})

This allows us to quickly find a random result (see Chapter 5 for more information
on indexing).

Immortal Cursors

There are two sides to a cursor: the client-facing cursor and the database cursor that
the client-side one represents. We have been talking about the client-side one up until
now, but we are going to take a brief look at what’s happening on the server.

On the server side, a cursor takes up memory and resources. Once a cursor runs out
of results or the client sends a message telling it to die, the database can free the
resources it was using. Freeing these resources lets the database use them for other
things, which is good, so we want to make sure that cursors can be freed quickly
(within reason).
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There are a couple of conditions that can cause the death (and subsequent cleanup) of
a cursor. First, when a cursor finishes iterating through the matching results, it will
clean itself up. Another way is that, when a cursor goes out of scope on the client side,
the drivers send the database a special message to let it know that it can kill that cur-
sor. Finally, even if the user hasn't iterated through all the results and the cursor is still
in scope, after 10 minutes of inactivity, a database cursor will automatically “die” This
way, if a client crashes or is buggy, MongoDB will not be left with thousands of open
cursors.

This “death by timeout” is usually the desired behavior: very few applications expect
their users to sit around for minutes at a time waiting for results. However, some-
times you might know that you need a cursor to last for a long time. In that case,
many drivers have implemented a function called immortal, or a similar mechanism,
which tells the database not to time out the cursor. If you turn off a cursor’s timeout,
you must iterate through all of its results or kill it to make sure it gets closed. Other-
wise, it will sit around in the database hogging resources until the server is restarted.
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CHAPTER 5
Indexes

This chapter introduces MongoDB indexes. Indexes enable you to perform queries
efficiently. Theyre an important part of application development and are even
required for certain types of queries. In this chapter we will cover:

o What indexes are and why youd want to use them
« How to choose which fields to index
« How to enforce and evaluate index usage

o Administrative details on creating and removing indexes

As you'll see, choosing the right indexes for your collections is critical to
performance.

Introduction to Indexes

A database index is similar to a booK’s index. Instead of looking through the whole
book, the database takes a shortcut and just looks at an ordered list with references to
the content. This allows MongoDB to query orders of magnitude faster.

A query that does not use an index is called a collection scan, which means that the
server has to “look through the whole book” to find a query’s results. This process is
basically what youd do if you were looking for information in a book without an
index: youd start at page 1 and read through the whole thing. In general, you want to
avoid making the server do collection scans because the process is very slow for large
collections.

Let’s look at an example. To get started, we'll create a collection with 1 million docu-
ments in it (or 10 million or 100 million, if you have the patience):
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> for (i=0; 1<1000000; i++) {
db.users.insertOne(

{
"o,
"username" : "user"+i,
"age" : Math.floor(Math.random()*120),
"created" : new Date()
}

.. );

-}
Then we'll look at the differences in performance for queries on this collection, first
without an index and then with an index.

If we do a query on this collection, we can use the explain command to see what
MongoDB is doing when it executes the query. The preferred way to use the explain
command is through the cursor helper method that wraps this command. The
explain cursor method provides information on the execution of a variety of CRUD
operations. This method may be run in several verbosity modes. We'll look at execu
tionStats mode since this helps us understand the effect of using an index to satisfy
queries. Try querying on a specific username to see an example:

> db.users.find({"username": "user101"}).explain("executionStats")
{
"queryPlanner" : {
"plannerVersion" : 1,
"namespace" : "test.users",

"{ndexFilterSet" : false,
"parsedQuery" : {

"username" : {
"Seq" : "user101"
}
1
"winningPlan" : {
"stage" : "COLLSCAN",
"filter" : {
"username" : {
"Seq" : "user101"
}
},
"direction" : "forward"
}!
"rejectedPlans" : [ ]

1,

"executionStats" : {
"executionSuccess" : true,
"nReturned" : 1,
"executionTimeMillis" : 419,

"totalKeysExamined" : 0,
"totalDocsExamined" : 1000000,
"executionStages" : {
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"stage" : "COLLSCAN",
"filter" : {

"username" : {

"Seq" : "user101"

}
}}
"nReturned" : 1,
"executionTimeMillisEstimate" : 375,
"works" : 1000002,
"advanced" : 1,
"needTime" : 1000000,
"needYield" : 0,
"saveState" : 7822,
"restoreState" : 7822,

"{sEOF" : 1,
"invalidates" : 0,
"direction" : "forward",
"docsExamined" : 1000000
}
1,
"serverInfo" : {
"host" : "eoinbrazil-laptop-osx",
"port" : 27017,
"version" : "4.0.12",
"gitVersion" : "5776e3cbf9e7afe86e6b29e22520ffb6766e95d4"
1,
"ok" : 1

}

“explain Output” on page 116 will explain the output fields; for now you can ignore
almost all of them. For this example, we want to look at the nested document that is
the value of the "executionStats" field. In this document, "totalDocsExamined" is
the number of documents MongoDB looked at while trying to satisfy the query,
which, as you can see, is every document in the collection. That is, MongoDB had to
look through every field in every document. This took nearly half a second to accom-
plish on my laptop (the "executionTimeMillis" field shows the number of milli-
seconds it took to execute the query).

The "nReturned" field of the "executionStats" document shows the number of
results returned: 1, which makes sense because there is only one user with the user-
name "user101". Note that MongoDB had to look through every document in the
collection for matches because it did not know that usernames are unique.

To enable MongoDB to respond to queries efficiently, all query patterns in your appli-
cation should be supported by an index. By query patterns, we simply mean the dif-
ferent types of questions your application asks of the database. In this example, we
queried the users collection by username. That is an example of a specific query pat-
tern. In many applications, a single index will support several query patterns. We will
discuss tailoring indexes to query patterns in a later section.
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Creating an Index

Now let’s try creating an index on the "username" field. To create an index, we'll use
the createIndex collection method:

> db.users.createIndex({"username" : 1})

{
"createdCollectionAutomatically" : false,
"numIndexesBefore" : 1,
"numIndexesAfter" : 2,
"ok" : 1
}

Creating the index should take no longer than a few seconds, unless you made your
collection especially large. If the createIndex call does not return after a few seconds,
run db.currentOp() (in a different shell) or check your mongod’s log to see the index
build’s progress.

Once the index build is complete, try repeating the original query:

> db.users.find({"username": "user101"}).explain("executionStats")
{
"queryPlanner" : {
"plannerVersion" : 1,
"namespace" : "test.users",
"indexFilterSet" : false,
"parsedQuery" : {
"username" : {
"Seq" : "user101"
}
}}
"winningPlan" : {
"stage" : "FETCH",
"i{nputStage" : {
"stage" : "IXSCAN",
"keyPattern" : {
"username" : 1
1
"indexName" : "username_1",

"{sMultiKey" : false,
"multiKeyPaths" : {

"username" : [ ]
1,
"i{sUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"indexVersion" : 2,
"direction" : "forward",
"indexBounds" : {
"username" : [

"[\"user101\", \"user101\"]"
1
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}
}’
"rejectedPlans" : [ ]

1,

"executionStats" : {
"executionSuccess" : true,
"nReturned" : 1,
"executionTimeMillis" : 1,
"totalKeysExamined" : 1,
"totalDocsExamined" : 1,
"executionStages" : {

"stage" : "FETCH",
"nReturned" : 1,
"executionTimeMillisEstimate" : 0,
"works" : 2,
"advanced" : 1,
"needTime" : 0,
"needYield" : 0,
"saveState" : 0,
"restoreState" : 0,
"{sEOF" : 1,
"invalidates" : 0,
"docsExamined" : 1,

"alreadyHasObj" : 0,

"{nputStage" : {
"stage" : "IXSCAN",
"nReturned" : 1,
"executionTimeMillisEstimate" : 0,
"works" : 2,
"advanced" : 1,
"needTime" : 0,
"needYield" : 0,
"saveState" : 0,
"restoreState" : 0,
"{sEOF" : 1,
"invalidates" : 0,
"keyPattern" : {

"username" : 1

1,
"{ndexName" : "username_1",
"{sMultiKey" : false,
"multiKeyPaths" : {

"username" : [ ]
}s
"{sUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"indexVersion" : 2,
"direction" : "forward",
"indexBounds" : {
"username" : [
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"[\"user101\", \"user101\"]"

]
}s
"keysExamined" : 1,
"seeks" : 1,

"dupsTested" : 0,
"dupsDropped" : 0,

"seenInvalidated" : 0
}
}
1,
"serverInfo" : {
"host" : "eoinbrazil-laptop-osx",
"port" : 27017,
"version" : "4.0.12",
"gitVersion" : "5776e3cbf9e7afe86e6b29e22520ffb6766e95d4"
1,
"ok" : 1

}

This explain output is more complex, but for now you can continue to ignore all the
fields other than "nReturned", "totalDocsExamined", and "executionTimeMillis"
in the "executionStats" nested document. As you can see, the query is now almost
instantaneous and, even better, has a similar runtime when querying, for example, for
any username:

> db.users.find({"username": "user999999"}).explain("executionStats")

An index can make a dramatic difference in query times. However, indexes have their
price: write operations (inserts, updates, and deletes) that modify an indexed field will
take longer. This is because in addition to updating the document, MongoDB has to
update indexes when your data changes. Typically, the tradeoff is worth it. The tricky
part becomes figuring out which fields to index.

MongoDB’s indexes work almost identically to typical relational
database indexes, so if you are familiar with those, you can just
skim this section for syntax specifics.

To choose which fields to create indexes for, look through your frequent queries and
queries that need to be fast and try to find a common set of keys from those. For
instance, in the preceding example, we were querying on "username". If that were a
particularly common query or were becoming a bottleneck, indexing "username"
would be a good choice. However, if this were an unusual query or one that’s only
done by administrators who don’t care how long it takes, it would not be a good
choice for indexing.
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Introduction to Compound Indexes

The purpose of an index is to make your queries as efficient as possible. For many
query patterns it is necessary to build indexes based on two or more keys. For exam-
ple, an index keeps all of its values in a sorted order, so it makes sorting documents
by the indexed key much faster. However, an index can only help with sorting if it is a
prefix of the sort. For example, the index on "username" wouldn’t help much for this
sort:

> db.users.find().sort({"age" : 1, "username" : 1})

This sorts by "age" and then "username", so a strict sorting by "username" isn’t terri-

bly helpful. To optimize this sort, you could make an index on "age" and
"username":

> db.users.createIndex({"age" : 1, "username" : 1})

This is called a compound index and is useful if your query has multiple sort direc-
tions or multiple keys in the criteria. A compound index is an index on more than
one field.

Suppose we have a users collection that looks something like this, if we run a query
with no sorting (called natural order):

> db.users.find({}, {"_id" : 0, "i" : 0, "created" : 0})
{ "username" : "user0@", "age" : 69 }
{ "username" : "user1", "age" : 50 }
{ "username" : "user2", "age" : 88 }
{ "username" : "user3", "age" : 52 }
{ "username" : "user4", "age" : 74 }
{ "username" : "user5", "age" : 104 }
{ "username" : "user6", "age" : 59 }
{ "username" : "user7", "age" : 102 }
{ "username" : "user8", "age" : 94 }
{ "username" : "user9", "age" : 7 }

{ "username" : "user10", "age" : 80 }

If we index this collection by {"age" : 1, "username" : 1}, the index will have a
form we can represent as follows:

[0, "user100020"] -> 8623513776
[0, "user1002"] -> 8599246768
[0, "user100388"] -> 8623560880

[0, "user100414"] -> 8623564208
[1, "user100113"] -> 8623525680
[1, "user100280"] -> 8623547056
[1, "user100551"] -> 8623581744

[1, "user100626"] -> 8623591344
[2, "user100191"] -> 8623535664
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[2, "user100195"] -> 8623536176
[2, "user100197"] -> 8623536432

Each index entry contains an age and a username and points to a record identifier. A
record identifier is used internally by the storage engine to locate the data for a docu-
ment. Note that "age" fields are ordered to be strictly ascending and, within each age,
usernames are also in ascending order. In this example dataset, each age has approxi-
mately 8,000 usernames associated with it. Here we've included only those necessary
to convey the general idea.

The way MongoDB uses this index depends on the type of query you're doing. These
are the three most common ways:

db.users.find({"age" : 21}).sort({"username" : -1})
This is an equality query, which searches for a single value. There may be multi-
ple documents with that value. Due to the second field in the index, the results
are already in the correct order for the sort: MongoDB can start with the last
match for {"age" : 21} and traverse the index in order:

[21, "user100154"] -> 8623530928
[21, "user100266"] -> 8623545264
[21, "user100270"] -> 8623545776
[21, "user100285"] -> 8623547696
[21, "user100349"] -> 8623555888

This type of query is very efficient: MongoDB can jump directly to the correct
age and doesn’t need to sort the results because traversing the index returns the
data in the correct order.

Note that sort direction doesn’t matter: MongoDB can traverse the index in either
direction.

db.users.find({"age" : {"$Sgte" : 21, "Slte" : 30}})
This is a range query, which looks for documents matching multiple values (in
this case, all ages between 21 and 30). MongoDB will use the first key in the
index, "age", to return the matching documents, like so:

[21, "user100154"] -> 8623530928
[21, "user100266"] -> 8623545264
[21, "user100270"] -> 8623545776

[21, "user999390"] -> 8765250224
[21, "user999407"] -> 8765252400
[21, "user999600"] -> 8765277104
[22, "user100017"] -> 8623513392

[29, "user999861"] -> 8765310512
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[30, "user100098"] -> 8623523760
[30, "user100155"] -> 8623531056
[30, "user100168"] -> 8623532720

In general, if MongoDB uses an index for a query it will return the resulting
documents in index order.

db.users.find({"age" : {"$Sgte" : 21, "Slte" : 30}}).sort({"username"

3]
This is a multivalue query, like the previous one, but this time it has a sort. As
before, MongoDB will use the index to match the criteria. However, the index
doesn’'t return the usernames in sorted order and the query requested that the
results be sorted by username. This means MongoDB will need to sort the results
in memory before returning them, rather than simply traversing an index in
which the documents are already sorted in the desired order. This type of query
is usually less efficient as a consequence.

Of course, the speed depends on how many results match your criteria: if your
result set is only a couple of documents MongoDB won't have much work to do
to sort them, but if there are more results it will be slower or may not work at all.
If you have more than 32 MB of results MongoDB will just error out, refusing to
sort that much data:

Error: error: {

"ok" : 0,

"errmsg" : "Executor error during find command: OperationFailed:
Sort operation used more than the maximum 33554432 bytes of RAM. Add
an index, or specify a smaller limit.",

"code" : 96,

"codeName" : "OperationFailed"

If you need to avoid this error, then you must create an index sup-
porting the sort operation (https://docs.mongodb.com/manual/refer
ence/method/cursor.sort/index.html#sort-index-use) or use sort in
conjunction with limit to reduce the results to below 32 MB.

One other index you can use in the last example is the same keys in reverse order:
"username" : 1, "age" : 1}. MongoDB will then traverse all the index entries,
but in the order you want them back in. It will pick out the matching documents

using the "age" part of the index:
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[user0, 4]

[user1, 67]

[user10, 11]

[user100, 92]

[user1000, 10]

[user10000, 31]

[user100000, 21] -> 8623511216
[user100001, 52]

[user100002, 69]

[user100003, 27] -> 8623511600
[user100004, 22] -> 8623511728
[user100005, 95]

This is good in that it does not require any giant in-memory sorts. However, it does
have to scan the entire index to find all the matches. Putting the sort key first is gen-
erally a good strategy when designing compound indexes. As we'll see shortly, this is
one of several best practices when considering how to construct compound indexes
with consideration for equality queries, multivalue queries, and sorting.

How MongoDB Selects an Index

Now let’s take a look at how MongoDB chooses an index to satisfy a query. Let’s imag-
ine we have five indexes. When a query comes in, MongoDB looks at the query’s
shape. The shape has to do with what fields are being searched on and additional
information, such as whether or not there is a sort. Based on that information, the
system identifies a set of candidate indexes that it might be able to use in satisfying
the query.

Let’s assume we have a query come in, and three of our five indexes are identified as
candidates for this query. MongoDB will then create three query plans, one for each
of these indexes, and run the query in three parallel threads, each using a different
index. The objective here is to see which one is able to return results the fastest.

Visually, we can think of this as a race, as pictured in Figure 5-1. The idea here is that
the first query plan to reach a goal state is the winner. But more importantly, going
forward it will be selected as the index to use for queries that have that same query
shape. The plans are raced against each other for a period (referred to as the trial
period), after which the results of each race are used to calculate the overall winning
plan.
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Figure 5-1. How the MongoDB Query Planner selects an index, visualized as a race

To win the race, a query thread must be the first to either return all the query results
or return a trial number of results in sort order. The sort order portion of this is
important given how expensive it is to perform in-memory sorts.

The real value of racing several query plans against one another is that for subsequent
queries that have the same query shape, the MongoDB server will know which index
to select. The server maintains a cache of query plans. A winning plan is stored in the
cache for future use for queries of that shape. Over time, as a collection changes and
as the indexes change, eventually a query plan might be evicted from the cache and
MongoDB will, again, experiment with possible query plans to find the one that
works best for the current collection and set of indexes. Other events that will lead to
plans being evicted from the cache are if we rebuild a given index, add or drop an
index, or explicitly clear the plan cache. Finally, the query plan cache does not survive
a restart of a mongod process.

Using Compound Indexes

In the previous sections, we've been using compound indexes, which are indexes with
more than one key in them. Compound indexes are a little more complicated to think
about than single-key indexes, but they are very powerful. This section covers them
in more depth.
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Here, we will walk through an example that gives you an idea of the type of thinking
you need to do when you are designing compound indexes. The goal is for our read
and write operations to be as efficient as possible—but as with so many things, this
requires some upfront thinking and some experimentation.

To be sure we get the right indexes in place, it is necessary to test our indexes under
some real-world workloads and make adjustments from there. However, there are
some best practices we can apply as we design our indexes.

First, we need to consider the selectivity of the index. We are interested in the degree
to which, for a given query pattern, the index is going to minimize the number of
records scanned. We need to consider selectivity in light of all operations necessary to
satisfy a query, and sometimes make tradeoffs. We will need to consider, for example,
how sorts are handled.

Let’s look at an example. For this, we will use a student dataset containing approxi-
mately one million records. Documents in this dataset resemble the following:

{
"_1d" : ObjectId("585d817db4743f74e2da067c"),
"student_id" : 0,

"scores" : [
{
"type" : "exam",
"score" : 38.05000060199827
1,
{
"type" : "quiz",
"score" : 79.45079445008987
1,
{
"type" : "homework",
"score" : 74.50150548699534
1,
{
"type" : "homework",
"score" : 74.68381684615845
}

1,
"class_id" : 127

}

We will begin with two indexes and look at how MongoDB uses these indexes (or
doesn’t) in order to satisfy queries. These two indexes are created as follows:

> db.students.createIndex({"class_id": 1})
> db.students.createIndex({student_id: 1, class_id: 1})

In working with this dataset, we will consider the following query, because it illus-
trates several of the issues that we have to think about in designing our indexes:
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> db.students.find({student_1id:{$gt:500000}, class_id:54})
.sort({student_1id:1})
.explain("executionStats")

Note that in this query we are requesting all records with an ID greater than 500,000,
so about half of the records. We are also constraining the search to records for the
class with ID 54. There are about 500 classes represented in this dataset. Finally, we
are sorting in ascending order based on "student_id". Note that this is the same field
on which we are doing a multivalue query. Throughout this example we will look at
the execution stats that the explain method provides to illustrate how MongoDB will
handle this query.

If we run the query, the output of the explain method tells us how MongoDB used
indexes to satisfy it:

{

"queryPlanner": {
"plannerVersion": 1,
"namespace": "school.students",
"indexFilterSet": false,
"parsedQuery": {

"Sand": [
{
"class_id": {
"Seq": 54
}
1,
{
"student_1d": {
"$gt": 500000
}
}
1

1,

"winningPlan": {
"stage": "FETCH",
"inputStage": {

"stage": "IXSCAN",

"keyPattern": {
"student_id": 1,
"class_id": 1

1,

"{ndexName": "student_1id_1 class_id_1",

"{sMultiKey": false,

"multiKeyPaths": {
"student_id": [ 1,
"class_id": [ ]

1,

"i{sUnique": false,

"{sSparse": false,

"{sPartial": false,
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"indexVersion": 2,
"direction": "forward",
"{ndexBounds": {
"student_1d": [
"(500000.0, inf.0]"

1,
"class_1d": [

"[54.0, 54.01"

1
}
}
s
"rejectedPlans": [
{
"stage": "SORT",
"sortPattern": {
"student_id": 1
1,
"{nputStage": {
"stage": "SORT_KEY_GENERATOR",
"{nputStage": {

"stage": "FETCH",

"filter": {
"student_id": {

"$gt": 500000
}
}’
"inputStage": {
"stage": "IXSCAN",
"keyPattern": {
"class_id": 1

s

"{ndexName": "class_1id_1",

"{sMultiKey": false,

"multiKeyPaths": {
"class_id": [ ]

1,

"isUnique": false,

"{sSparse": false,

"{sPartial": false,

"indexVersion": 2,

"direction": "forward",

"{ndexBounds": {
"class_id": [

"[54.0, 54.0]"

]

}

}
}
}
}
1
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})

"executionStats": {
"executionSuccess": true,
"nReturned": 9903,
"executionTimeMillis": 4325,
"totalKeysExamined": 850477,
"totalDocsExamined": 9903,
"executionStages": {

"stage": "FETCH",
"nReturned": 9903,
"executionTimeMillisEstimate": 3485,
"works": 850478,
"advanced": 9903,
"needTime": 840574,
"needYield": 0,
"saveState": 6861,
"restoreState": 6861,
"{sEOF": 1,
"{nvalidates": 0,
"docsExamined": 9903,
"alreadyHasObj": 0,
"{nputStage": {
"stage": "IXSCAN",
"nReturned": 9903,
"executionTimeMillisEstimate": 2834,
"works": 850478,
"advanced": 9903,
"needTime": 840574,
"needYield": 0,
"saveState": 6861,
"restoreState": 6861,
"{sEOF": 1,
"invalidates": 0,
"keyPattern": {
"student_id": 1,
"class_id": 1
}}
"indexName": "student_id_1_class_id_1",
"{sMultiKey": false,
"multiKeyPaths": {
"student_1d": [ ],
"class_1d": [ ]
}}
"{sUnique": false,
"{sSparse": false,
"{sPartial": false,
"indexVersion": 2,
"direction": "forward",
"{ndexBounds": {
"student_1d": [
"(500000.0, inf.0]"
1,
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"class_id": [
"[54.0, 54.01"
1
1,
"keysExamined": 850477,
"seeks": 840575,
"dupsTested": 0,
"dupsDropped": 0,
"seenInvalidated": 0
}
}
1,
"serverInfo": {
"host": "SGB-MBP.local",
"port": 27017,

"version": "3.4.1",

"gitVersion": "5e103c4f5583e2566a45d740225dc250baacfbd7"
IR
"ok": 1

}

As with most data output from MongoDB, the explain output is JSON. Let’s look
first at the bottom half of this output, which is almost entirely the execution stats. The
"executionStats" field contains statistics that describe the completed query execu-
tion for the winning query plan. We will look at query plans and the query plan out-
put from explatin a little later.

Within "executionStats", first we will look at "totalKeysExamined". This is how
many keys within the index MongoDB walked through in order to generate the result
set. We can compare "totalKeysExamined" to "nReturned"” to get a sense for how
much of the index MongoDB had to traverse in order to find just the documents
matching the query. In this case, 850,477 index keys were examined in order to locate
the 9,903 matching documents.

This means that the index used in order to satisfy this query was not very selective.
This is further emphasized by the fact that this query took more than 4.3 seconds to
run, as indicated by the "executionTimeMillis" field. Selectivity is one of our key
objectives when we are designing an index, so let’s figure out where we went wrong
with the existing indexes for this query.

Near the top of the explain output is the winning query plan (see the field "winning
Plan"). A query plan describes the steps MongoDB used to satisfy a query. This is, in
JSON form, the specific outcome of racing a couple of different query plans against
one another. In particular, we are interested in what indexes were used and whether
MongoDB had to do an in-memory sort. Below the winning plan are the rejected
plans. We'll look at both.
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In this case, the winning plan used a compound index based on "student_id" and
"class_id". This is evident in the following portion of the explain output:
"winningPlan": {
"stage": "FETCH",
"inputStage": {
"stage": "IXSCAN",
"keyPattern": {
"student_1id": 1,
"class_id": 1
1
The explain output presents the query plan as a tree of stages. A stage can have one
or more input stages, depending on how many child stages it has. An input stage pro-
vides the documents or index keys to its parent. In this case, there was one input
stage, an index scan, and that scan provided the record IDs for documents matching
the query to its parent, the "FETCH" stage. The "FETCH" stage, then, will retrieve the
documents themselves and return them in batches as the client requests them.

The losing query plan—there is only one—would have used an index based on
"class_id" but then it would have had to do an in-memory sort. That is what the
following portion of this particular query plan means. When you see a "SORT" stage
in a query plan, it means that MongoDB would have been unable to sort the result set
in the database using an index and instead would have had to do an in-memory sort:

"rejectedPlans": [

{
"stage": "SORT",
"sortPattern": {
"student_1d": 1
1,

For this query, the index that won is one that was able to return sorted output. To win
it only had to reach a trial number of sorted result documents. For the other plan to
win, that query thread would have had to return the entire result set (nearly 10,000
documents) first, since those would then need to be sorted in memory.

The issue here is one of selectivity. The multivalue query we are running specifies a
broad range of "student_id" values, because it’s requesting records for which the
"student_id" is greater than 500,000. That’s about half the records in our collection.
Here again, for convenience, is the query we are running:
> db.students.find({student_1id:{$gt:500000}, class_id:54})

.sort({student_1id:1})

.explain("executionStats")
Now, I'm sure you can see where we are headed here. This query contains both a mul-
tivalue portion and an equality portion. The equality portion is that we are asking for
all records in which "class_id" is equal to 54. There are only about 500 classes in

Introduction to Indexes | 91



this dataset, and while there are a large number of students with grades in those
classes, "class_id" would serve as a much more selective basis on which to execute
this query. It is this value that constrains our result set to just under 10,000 records
rather than the approximately 850,000 that were identified by the multivalue portion
of this query.

In other words, it would be better, given the indexes we have, if we were to use the
index based on just "class_id"—the one in the losing query plan. MongoDB pro-
vides two ways of forcing the database to use a particular index. However, I cannot
stress strongly enough that you should use these ways of overriding what would be
the outcome of the query planner with caution. These are not techniques you should
use in a production deployment.

The cursor hint method enables us to specify a particular index to use, either by
specifying its shape or its name. An index filter uses a query shape, which is a combi-
nation of a query, sort, and projection specification. The planCacheSetFilter func-
tion can be used with an index filter to limit the query optimizer to only considering
indexes specified in the index filter. If an index filter exists for a query shape, Mon-
goDB will ignore hint. Index filters only persist for the duration of the mongod server
process; they do not persist after shutdown.

If we change our query slightly to use hint, as in the following example, the explain
output will be quite different:

> db.students.find({student_1id:{$gt:500000}, class_id:54})
.sort({student_1id:1})
.hint({class_1id:1})
.explain("executionStats")

The resulting output shows that we are now down from having scanned roughly
850,000 index keys to just about 20,000 in order to get to our result set of just under
10,000. In addition, the execution time is only 272 milliseconds rather than the 4.3
seconds we saw with the query plan using the other index:

{

"queryPlanner": {
"plannerVersion": 1,
"namespace": "school.students",
"indexFilterSet": false,
"parsedQuery": {

"Sand": [
{
"class_id": {
"Seq": 54
}
1,
{
"student_id": {
"$gt": 500000
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}
}
1
s
"winningPlan": {

"stage": "SORT",

"sortPattern": {
"student_id": 1

1,

"{nputStage": {
"stage": "SORT_KEY_GENERATOR",
"{nputStage": {

"stage": "FETCH",

"filter": {
"student_id": {
"$gt": 500000
}
1,

"{nputStage": {
"stage": "IXSCAN",
"keyPattern": {
"class_1d": 1
}’
"{ndexName": "class_id_1",
"{sMultiKey": false,
"multiKeyPaths": {
"class_1d": [ ]
1,
"{sUnique": false,
"{sSparse": false,
"{sPartial": false,
"{ndexVersion": 2,
"direction": "forward",
"i{ndexBounds": {
"class_1d": [
"[54.0, 54.01"

1

"rejectedPlans": [ 1]

1

"executionStats": {
"executionSuccess": true,
"nReturned": 9903,
"executionTimeMillis": 272,
"totalKeysExamined": 20076,
"totalDocsExamined": 20076,
"executionStages": {

"stage": "SORT",
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"nReturned": 9903,
"executionTimeMillisEstimate": 248,
"works": 29982,
"advanced": 9903,
"needTime": 20078,
"needYield": 0,
"saveState": 242,
"restoreState": 242,
"{sEOF": 1,
"{nvalidates": 0,
"sortPattern": {
"student_id": 1
1,
"memUsage": 2386623,
"memLimit": 33554432,
"{nputStage": {
"stage": "SORT_KEY_GENERATOR",
"nReturned": 9903,
"executionTimeMillisEstimate": 203,
"works": 20078,
"advanced": 9903,
"needTime": 10174,
"needYield": 0,
"saveState": 242,
"restoreState": 242,
"{sEOF": 1,
"invalidates": 0,
"{nputStage": {
"stage": "FETCH",

"filter": {
"student_id": {
"$gt": 500000
}
1

"nReturned": 9903,
"executionTimeMillisEstimate": 192,
"works": 20077,
"advanced": 9903,
"needTime": 10173,
"needYield": 0,
"saveState": 242,
"restoreState": 242,
"{sEOF": 1,
"invalidates": 0,
"docsExamined": 20076,
"alreadyHasObj": 0,
"{nputStage": {
"stage": "IXSCAN",
"nReturned": 20076,
"executionTimeMillisEstimate": 45,
"works": 20077,
"advanced": 20076,
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"needTime": 0,
"needYield": 0,
"saveState": 242,
"restoreState": 242,
"{sEOF": 1,
"invalidates": 0,
"keyPattern": {
"class_1d": 1
:})
"{ndexName": "class_id_1",
"{sMultiKey": false,
"multiKeyPaths": {
"class_1d": [ ]
1,
"{sUnique": false,
"{sSparse": false,
"{sPartial": false,
"{ndexVersion": 2,
"direction": "forward",
"{ndexBounds": {
"class_1d": [

"[54.0, 54.0]"
1
1
"keysExamined": 20076,
"seeks": 1,

"dupsTested": 0,
"dupsDropped": 0,
"seenInvalidated": 0
}
}
}
}
3,
"serverInfo": {
"host": "SGB-MBP.local",
"port": 27017,
"version": "3.4.1",
"gitVersion": "5e103c4f5583e2566a45d740225dc250baacfbd7"
3,
"ok": 1
}
However, what we really want to see is "nReturned" very close to "totalKeysExa
mined". In addition, we would like avoid having to use hint in order to more effi-
ciently execute this query. The way to address both of these concerns is to design a
better index.

A better index for the query pattern in question is one based on "class_id" and "stu
dent_id", in that order. With "class_1id" as the prefix, we are using the equality fil-
ter in our query to restrict the keys considered within the index. This is the most
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selective component of our query, and therefore effectively constrains the number of
keys MongoDB needs to consider to satisfy this query. We can build this index as
follows:

> db.students.createIndex({class_1id:1, student_id:1})

While not true for absolutely every dataset, in general you should design compound
indexes such that fields on which you will be using equality filters come before those
on which your application will use multivalue filters.

With our new index in place, if we rerun our query, this time no hinting is required
and we can see from the "executionStats" field in the explain output that we have
a fast query (37 milliseconds) for which the number of results returned ("nRe
turned") is equal to the number of keys scanned in the index ("totalKeysExa
mined"). We can also see that this is due to the fact that the "executionStages",
which reflect the winning query plan, contain an index scan that makes use of the
new index we created:

"executionStats": {
"executionSuccess": true,
"nReturned": 9903,
"executionTimeMillis": 37,
"totalKeysExamined": 9903,
"totalDocsExamined": 9903,
"executionStages": {

"stage": "FETCH",
"nReturned": 9903,
"executionTimeMillisEstimate": 36,
"works": 9904,
"advanced": 9903,
"needTime": 0,
"needYield": 0,
"saveState": 81,
"restoreState": 81,
"{sEOF": 1,
"invalidates": 0,
"docsExamined": 9903,
"alreadyHasObj": 0,
"{nputStage": {
"stage": "IXSCAN",
"nReturned": 9903,
"executionTimeMillisEstimate": 0,
"works": 9904,
"advanced": 9903,
"needTime": 0,
"needYield": 0,
"saveState": 81,
"restoreState": 81,
"{sEOF": 1,
"invalidates": 0,
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"keyPattern": {
"class_id": 1,
"student_id": 1
1,
"{ndexName": "class_id_1_student_id_1",
"{sMultiKey": false,
"multiKeyPaths": {
"class_id": [ 1,
"student_id": [ ]
1,
"i{sUnique": false,
"{sSparse": false,
"{sPartial": false,
"{ndexVersion": 2,
"direction": "forward",
"{ndexBounds": {
"class_id": [
"[54.0, 54.0]1"

1,

"student_id": [
"(500000.0, inf.0]"

1
1,
"keysExamined": 9903,
"seeks": 1,

"dupsTested": 0,
"dupsDropped": 0,
"seenInvalidated": 0

}
}
1
Considering what we know about how indexes are built, you can probably see why
this works. The [class_id, student_id] index is composed of key pairs such as the
following. Since the student IDs are ordered within these key pairs, in order to satisfy
our sort MongoDB simply needs to walk all the key pairs beginning with the first one

for class_1id 54:

[53, 999617]
[53, 999780]
[53, 999916]
[54, 500001]
[54, 500009]
[54, 500048]

In considering the design of a compound index, we need to know how to address
equality filters, multivalue filters, and sort components of common query patterns
that will make use of the index. It is necessary to consider these three factors for all
compound indexes, and if you design your index to balance these concerns correctly,
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you will get the best performance out of MongoDB for your queries. While we've
addressed all three factors for our example query with the [class_id, student_id]
index, the query as written represents a special case of the compound index problem
because we're sorting on one of the fields we are also filtering on.

To remove the special-case nature of this example, let’s sort on final grade instead,
changing our query to the following:

> db.students.find({student_1id:{$gt:500000}, class_id:54})
.sort({final_grade:1})
.explain("executionStats")

If we run this query and look at the explain output, we see that were now doing an
in-memory sort. While the query is still fast at only 136 milliseconds, it is an order of
magnitude slower than when sorting on "student_1id", because we are now doing an
in-memory sort. We can see that we are doing an in-memory sort because the win-
ning query plan now contains a "SORT" stage:

"executionStats": {
"executionSuccess": true,
"nReturned": 9903,
"executionTimeMillis": 136,
"totalKeysExamined": 9903,
"totalDocsExamined": 9903,
"executionStages": {

"stage": "SORT",
"nReturned": 9903,
"executionTimeMillisEstimate": 36,
"works": 19809,
"advanced": 9903,
"needTime": 9905,
"needYield": 0,
"saveState": 315,
"restoreState": 315,
"{sEOF": 1,
"invalidates": 0,
"sortPattern": {
"final_grade": 1
1,
"memUsage": 2386623,
"memLimit": 33554432,
"{nputStage": {
"stage": "SORT_KEY_GENERATOR",
"nReturned": 9903,
"executionTimeMillisEstimate": 24,
"works": 9905,
"advanced": 9903,
"needTime": 1,
"needYield": 0,
"saveState": 315,
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"restoreState": 315,
"{sEOF": 1,
"{nvalidates": 0,
"{nputStage": {
"stage": "FETCH",
"nReturned": 9903,
"executionTimeMillisEstimate": 24,
"works": 9904,
"advanced": 9903,
"needTime": 0,
"needYield": 0,
"saveState": 315,
"restoreState": 315,
"{sEOF": 1,
"invalidates": 0,
"docsExamined": 9903,
"alreadyHasObj": 0,
"{nputStage": {
"stage": "IXSCAN",
"nReturned": 9903,
"executionTimeMillisEstimate": 12,
"works": 9904,
"advanced": 9903,
"needTime": 0,
"needYield": 0,
"saveState": 315,
"restoreState": 315,
"{sEOF": 1,
"invalidates": 0,
"keyPattern": {
"class_id": 1,
"student_1id": 1
1,
"{ndexName": "class_1id_1_student_id_1",
"{sMultiKey": false,
"multiKeyPaths": {
"class_id": [ 1,
"student_id": [ ]
1,
"{sUnique": false,
"{sSparse": false,
"{sPartial": false,
"indexVersion": 2,
"direction": "forward",
"{ndexBounds": {
"class_id": [
"[54.0, 54.0]"
1,
"student_id": [
"(500000.0, inf.0]"
1
1,
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"keysExamined": 9903,
"seeks": 1,
"dupsTested": 0,
"dupsDropped": 0,
"seenInvalidated": 0

If we can avoid an in-memory sort with a better index design, we should. This will
allow us to scale more easily with respect to dataset size and system load.

But to do that, we are going to have to make a tradeoff. This is commonly the case
when designing compound indexes.

As is so often necessary for compound indexes, in order to avoid an in-memory sort
we need to examine more keys than the number of documents we return. To use the
index to sort, MongoDB needs to be able to walk the index keys in order. This means
that we need to include the sort field among the compound index keys.

The keys in our new compound index should be ordered as follows: [class_id,
final_grade, student_id]. Note that we include the sort component immediately
after the equality filter, but before the multivalue filter. This index will very selectively
narrow the set of keys considered for this query. Then, by walking the key triplets
matching the equality filter in this index, MongoDB can identify the records that
match the multivalue filter and those records will be ordered properly by final grade
in ascending order.

This compound index forces MongoDB to examine keys for more documents than
will end up being in our result set. However, by using the index to ensure we have
sorted documents, we save execution time. We can construct the new index using the
following command:

> db.students.createIndex({class_id:1, final_grade:1, student_id:1})
Now, if we once again issue our query:

> db.students.find({student_1id:{$gt:500000}, class_id:54})
.sort({final_grade:1})
.explain("executionStats")

we get the following "executionStats" in the output from explain. This will vary
depending on your hardware and what else is going on in the system, but you can see
that the winning plan no longer includes an in-memory sort. It is instead using the
index we just created to satisfy the query, including the sort:
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"executionStats": {
"executionSuccess": true,
"nReturned": 9903,
"executionTimeMillis": 42,
"totalKeysExamined": 9905,
"totalDocsExamined": 9903,
"executionStages": {

"stage": "FETCH",
"nReturned": 9903,
"executionTimeMillisEstimate": 34,
"works": 9905,
"advanced": 9903,
"needTime": 1,
"needYield": 0,
"saveState": 82,
"restoreState": 82,
"{sEOF": 1,
"invalidates": 0,
"docsExamined": 9903,
"alreadyHasObj": 0,
"{nputStage": {
"stage": "IXSCAN",
"nReturned": 9903,
"executionTimeMillisEstimate": 24,
"works": 9905,
"advanced": 9903,
"needTime": 1,
"needYield": 0,
"saveState": 82,
"restoreState": 82,
"{sEOF": 1,
"{nvalidates": 0,
"keyPattern": {
"class_id": 1,
"final_grade": 1,
"student_1id": 1
1,
"indexName": "class_id_1_final_grade_1_student_id_1",
"{sMultiKey": false,
"multiKeyPaths": {
"class_id": [ 1,
"final_grade": [ ],
"student_id": [ ]
1},
"i{sUnique": false,
"i{sSparse": false,
"{sPartial": false,
"{ndexVersion": 2,
"direction": "forward",
"i{ndexBounds": {
"class_id": [
"[54.0, 54.0]"
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1,

"final_grade": [
"[MinKey, MaxKey]"

1,

"student_id": [
"(500000.0, inf.0]"

1

1,
"keysExamined": 9905,
"seeks": 2,

"dupsTested": 0,

"dupsDropped": 0,

"seenInvalidated": 0

}
}
1

This section has provided a concrete example of some best practices for designing
compound indexes. While these guidelines do not hold for every situation, they do
for most and should be the first ideas you consider when constructing a compound
index.

To recap, when designing a compound index:

« Keys for equality filters should appear first.
« Keys used for sorting should appear before multivalue fields.

o Keys for multivalue filters should appear last.

Design your compound index using these guidelines and then test it under real-world
workloads for the range of query patterns your index is designed to support.

Choosing key directions

So far, all of our index entries have been sorted in ascending, or least-to-greatest,
order. However, if you need to sort on two (or more) criteria, you may need to have
index keys go in different directions. For example, going back to our earlier example
with the users collection, suppose we wanted to sort the collection by age from
youngest to oldest and by name from Z—-A. Our previous indexes would not be very
efficient for this problem: within each age group users were sorted by username in
ascending order (A-Z, not Z—-A). The compound indexes we've been using so far do
not hold the values in any useful order for getting "age" ascending and "username"
descending.

To optimize compound sorts in different directions, we need to use an index with
matching directions. In this example, we could use {"age" : 1, "username" : -1},
which would organize the data as follows:
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[21, user9996600] -> 8765277104
[21, user999407] -> 8765252400
[21, user999390] -> 8765250224

[21, user100270] -> 8623545776
[21, user100266] -> 8623545264
[21, user100154] -> 8623530928

[30, user100168] -> 8623532720
[30, user100155] -> 8623531056
[30, user100098] -> 8623523760

The ages are arranged from youngest to oldest, and within each age, the usernames
are sorted from Z to A (or rather 9 to 0, given our usernames).

If our application also needed to optimize sorting by {"age" : 1, "username" : 1},
we would have to create a second index with those directions. To figure out which
directions to use for an index, simply match the directions your sort is using. Note
that inverse indexes (multiplying each direction by —1) are equivalent: {"age" : 1,
"username" : -1} suits the same queries that {"age" : -1, "username" : 1} does.

Index direction only really matters when you're sorting based on multiple criteria. If
you’re only sorting by a single key, MongoDB can just as easily read the index in the

opposite order. For example, if you had a sort on {"age" : -1} and an index on
{"age" : 1}, MongoDB could optimize it just as well as if you had an index on
{"age" : -1} (so don’t create both!). The direction only matters for multikey sorts.

Using covered queries

In the preceding examples, the index was always used to find the correct document
and then follow a pointer back to fetch the actual document. However, if your query
is only looking for the fields that are included in the index, it does not need to fetch
the document. When an index contains all the values requested by a query, the query
is considered to be covered. Whenever practical, use covered queries in preference to
going back to documents. You can make your working set much smaller that way.

To make sure a query can use the index only, you should use projections (which limit
the fields returned to only those specified in your query; see “Specifying Which Keys
to Return” on page 54) to avoid returning the "_id" field (unless it is part of the
index). You may also have to index fields that you aren’t querying on, so you should
balance your need for faster queries with the overhead this will add on writes.

If you run explain on a covered query, the result has an "IXSCAN" stage that is not a
descendant of a "FETCH" stage, and in the "executionStats", the value of "totalDoc
sExamined" is 0.
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Implicit indexes

Compound indexes can do “double duty” and act like different indexes for different

queries. If we have an index on {"age" : 1, "username" : 1}, the "age" field is
sorted identically to the way it would be if we had an index on just {"age" : 1}.
Thus, the compound index can be used the way an index on {"age" : 1} by itself
would be.

This can be generalized to as many keys as necessary: if an index has N keys, you get a
“free” index on any prefix of those keys. For example, if we have an index that looks
like {"a": 1, "b": 1, "c": 1, ..., "z": 1}, we effectively have indexes on
{"a": 1}, {"a": 1, "b" : 1}, {"a": 1, "b": 1, "c": 1},and soon.

Note that this doesn't hold for any subset of keys: queries that would use the index
{"b": 1} or {"a": 1, "c": 1} (for example) will not be optimized. Only queries
that can use a prefix of the index can take advantage of it.

How $ Operators Use Indexes

Some queries can use indexes more efficiently than others; some queries cannot use
indexes at all. This section covers how various query operators are handled by
MongoDB.

Inefficient operators

In general, negation is inefficient. "$ne" queries can use an index, but not very well.
They must look at all the index entries other than the one specified by "$ne", so they
basically have to scan the entire index. For example, for a collection with an index on
the field named "1", here are the index ranges traversed for such a query:

db.example.find({"1" : {"$ne" : 33}}).explain()
{

"queryPlanner" : {

cey

"parsedQuery" : {

" {
"Sne" : "3"
}
1.
"winningPlan" : {
{
"i{ndexBounds" : {
" [
[
{
"$minElement" : 1
1,
3
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3,
{
"SmaxElement" : 1
}
1
1
}
}
1,
"rejectedPlans" : [ ]
1,
"serverInfo" : {
}

}

This query looks at all index entries less than 3 and all index entries greater than 3.
This can be efficient if a large swath of your collection is 3, but otherwise it must
check almost everything.

"$not" can sometimes use an index but often does not know how. It can reverse basic
ranges ({"key" : {"$1t" : 7}} becomes {"key" : {"$gte" : 7}}) and regular
expressions. However, most other queries with "$not" will fall back to doing a table
scan. "$nin" always uses a table scan.

If you need to perform one of these types of queries quickly, figure out if there’s
another clause that you could add to the query that could use an index to filter the
result set down to a small number of documents before MongoDB attempts to do
nonindexed matching.

Ranges

Compound indexes can help MongoDB efficiently execute queries with multiple clau-
ses. When designing an index with multiple fields, put fields that will be used in exact
matches first (e.g., "x" : 1) and ranges last (e.g., "y": {"$gt" : 3, "$1t" : 5}).
This allows the query to find an exact value for the first index key and then search
within that for a second index range. For example, suppose we were querying for a
specific age and a range of usernames using an {"age" : 1, "username" : 1}

index. We would get fairly exact index bounds:

> db.users.find({"age" : 47, "username" :
co. {"Sgt" ¢ "user5", "S1t" : "user8"}}).explain('executionStats')
{
"queryPlanner" : {
"plannerVersion" : 1,
"namespace" : "test.users",
"indexFilterSet" : false,
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"parsedQuery" : {

"$and" : [
{
"age" : {
"Seq" : 47
}
}s
{
"username" : {
"$1t" : "user8"
}
1,
{
"username" : {
"$gt" : "user5"
}
}
]
}’
"winningPlan" : {
"stage" : "FETCH",
"{nputStage" : {
"stage" : "IXSCAN",
"keyPattern" : {
"age" : 1,
"username" : 1
}s
"indexName" : "age_1_username_1",
"{sMultiKey" : false,
"multiKeyPaths" : {
"age" : [ 1,
"username" : [ ]
}s
"{sUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"indexVersion" : 2,
"direction" : "forward",
"indexBounds" : {
"age" : [
"[47.0, 47.0]"
1,
"username" : [
"(\"user5\", \"user8\")"
1
}
}
1,
"rejectedPlans" : [
{
"stage" : "FETCH",
"filter" : {
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age" : {
"Seq" : 47

}
1,
"inputStage" : {
"stage" : "IXSCAN",
"keyPattern" : {
"username" : 1
1,
"{ndexName" : "username_1",
"i{sMultiKey" : false,
"multiKeyPaths" : {
"username" : [ ]
1,
"isUnique" : false,
"isSparse" : false,
"{sPartial" : false,
"{ndexVersion" : 2,
"direction" : "forward",
"i{ndexBounds" : {
"username" : [
"(\"user5\", \"user8\")"
1
}
}
}
1
s
"executionStats" : {
"executionSuccess" : true,
"nReturned" : 2742,
"executionTimeMillis" : 5,

"totalKeysExamined" : 2742,
"totalDocsExamined" : 2742,
"executionStages" : {
"stage" : "FETCH",
"nReturned" : 2742,
"executionTimeMillisEstimate" : 0,
"works" : 2743,
"advanced" : 2742,
"needTime" : 0,
"needYield" : 0,
"saveState" : 23,
"restoreState" : 23,
"{sEOF" : 1,
"{nvalidates" : 0,
"docsExamined" : 2742,
"alreadyHasObj" : 0,
"{nputStage" : {
"stage" : "IXSCAN",
"nReturned" : 2742,
"executionTimeMillisEstimate" : 0,
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"works" : 2743,
"advanced" : 2742,
"needTime" : 0,
"needYield" : 0,
"saveState" : 23,
"restoreState" : 23,
"{sEOF" : 1,
"{nvalidates" : 0,
"keyPattern" : {
"age" : 1,
"username" : 1
1,
"{ndexName" : "age_1_username_1",
"{sMultiKey" : false,
"multiKeyPaths" : {
"age" : [ 1,
"username" : [ ]
1,
"{sUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"{ndexVersion" : 2,
"direction" : "forward",
"{ndexBounds" : {
"age" : [
"[47.0, 47.0]"
1,
"username" : [
"(\"user5\", \"user8\")"
1
}s
"keysExamined" : 2742,
"seeks" : 1,
"dupsTested" : 0,
"dupsDropped" : 0,

"seenInvalidated" : 0
}
}
1,
"serverInfo" : {
"host" : "eoinbrazil-laptop-osx",
"port" : 27017,
"version" : "4.0.12",
"gitVersion" : "5776e3cbf9e7afe86e6b29e22520ffb6766e95d4"
1,
"ok" : 1

}

The query goes directly to "age" : 47 and then searches within that for usernames
between "user5" and "user8".
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Conversely, suppose we use an index on {"username" : 1, "age" : 1}. This
changes the query plan, as the query must look at all users between "user5" and
"user8" and pick out the ones with "age" : 47:

> db.users.find({"age" : 47, "username" : {"Sgt" "user5", "slt" "user8"}})

.explain('executionStats"')

{
"queryPlanner" : {
"plannerVersion" : 1,
"namespace" : "test.users",

"{ndexFilterSet" : false,
"parsedQuery" : {

"Sand" : [
{
"age" : {
"Seq" : 47
}
1,
{
"username" : {
"$1t" : "user8"
}
}s
{
"username" : {
"$gt" : "user5"
}
}
1
}’
"winningPlan" : {
"stage" : "FETCH",
"filter" : {
"age" : {
"Seq" : 47
}
}’
"{nputStage" : {
"stage" "IXSCAN",
"keyPattern" : {
"username" : 1
1,
"{ndexName" "username_1",
"{sMultiKey" : false,
"multiKeyPaths" : {
"username" [1]
}s
"isUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"indexVersion" : 2,
"direction" "forward",
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"indexBounds" : {
"username" : [
||(\I|user5\||’ \Huser8\ﬂ)ll

1
}
}
}’
"rejectedPlans" : [
{
"stage" : "FETCH",
"inputStage" : {
"stage" : "IXSCAN",
"keyPattern" : {
"username" : 1,
"age" : 1
1,
"{ndexName" : "username_1_age_1",
"{sMultiKey" : false,
"multiKeyPaths" : {
"username" : [ ],
"age" : [ ]
1,
"isUnique" : false,
"isSparse" : false,
"{sPartial" : false,
"{ndexVersion" : 2,
"direction" : "forward",
"indexBounds" : {
"username" : [
"(\"user5\", \"user8\")"
1,
"age" : [
"[47.0, 47.0]"
1
}
}
}
]

1,

"executionStats" : {
"executionSuccess" : true,
"nReturned" : 2742,
"executionTimeMillis" : 369,

"totalKeysExamined" : 333332,
"totalDocsExamined" : 333332,

"executionStages" : {
"stage" : "FETCH",
"filter" : {

"age" : {
"Seq" : 47
}
1,
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"nReturned" : 2742,
"executionTimeMillisEstimate" : 312,
"works" : 333333,
"advanced" : 2742,
"needTime" : 330590,
"needYield" : 0,
"saveState" : 2697,
"restoreState" : 2697,
"{sEOF" : 1,
"{nvalidates" : 0,
"docsExamined" : 333332,
"alreadyHasObj" : 0,
"{nputStage" : {

}
}
s
"serverInfo" :
"host"

"stage" : "IXSCAN",
"nReturned" : 333332,
"executionTimeMillisEstimate" : 117,
"works" : 333333,
"advanced" : 333332,
"needTime" : 0,
"needYield" : 0,
"saveState" : 2697,
"restoreState" : 2697,
"{sEOF" : 1,
"{nvalidates" : 0,
"keyPattern" : {
"username" : 1
}s
"{ndexName" : "username_1",
"{sMultiKey" : false,
"multiKeyPaths" : {
"username" : [ ]
1,
"{sUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"{ndexVersion" : 2,
"direction" : "forward",
"indexBounds" : {
"username" : [
"(\"user5\", \"user8\")"
1
1,
"keysExamined" : 333332,
"seeks" : 1,
"dupsTested" : 0O,
"dupsDropped" : 0,
"seenInvalidated" : 0

{

: "eoinbrazil-laptop-osx",
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"port" : 27017,

"version" : "4.0.12",

"gitVersion" : "5776e3cbf9e7afe86e6b29e22520ffb6766e95d4"
1
"ok" : 1

}

This forces MongoDB to scan 100 times the number of index entries as using the pre-
vious index would. Using two ranges in a query basically always forces this less-
efficient query plan.

OR queries

As of this writing, MongoDB can only use one index per query. That is, if you create
one index on {"x" : 1} and another index on {"y" : 1} and then do a query on

"x" : 123, "y" : 456}, MongoDB will use one of the indexes you created, not
both. The only exception to this rule is "$or". "$or" can use one index per "$or"
clause, as "$or" performs two queries and then merges the results:

db.foo.find({"Sor" : [{"x" : 123}, {"y" : 456}]}).explain()
{
"queryPlanner" : {

"plannerVersion" : 1,

"namespace" : "foo.foo",

"indexFilterSet" : false,

"parsedQuery" : {

"Sor" ¢ [

1,
"winningPlan" : {
"stage" : "SUBPLAN",
"inputStage" : {
"stage" : "FETCH",
"inputStage" : {
"stage" : "OR",
"inputStages" : [
{
"stage" : "IXSCAN",
"keyPattern" : {
"x" 1

B
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"{ndexName" : "x_1",
"{sMultiKey" : false,
"multiKeyPaths" : {

"x" [ ]
1,
"{sUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"indexVersion" : 2,
"direction" : "forward",
"{ndexBounds" : {
"x" e [
"[123.0, 123.0]"
1
}
1,
{
"stage" : "IXSCAN",
"keyPattern" : {
"yl
1,
"{ndexName" : "y 1",
"{sMultiKey" : false,
"multiKeyPaths" : {
AN
s’
"{sUnique" : false,
"{sSparse" : false,
"{sPartial" : false,
"indexVersion" : 2,
"direction" : "forward",
"{ndexBounds" : {
AN
"[456.0, 456.0]"
1
}
}
1
}
}
1,
"rejectedPlans" : [ ]
1,
"serverInfo" : {
1,
"ok" : 1

}

As you can see, this explain required two separate queries on the two indexes (as
indicated by the two "IXSCAN" stages). In general, doing two queries and merging the
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results is much less efficient than doing a single query; thus, whenever possible, pre-
fer "$in" to "$or".

If you must use an "$or", keep in mind that MongoDB needs to look through the
results of both queries and remove any duplicates (documents that matched more
than one "$or" clause).

When running "$in" queries there is no way, other than sorting, to control the order
of documents returned. For example, {"x" : {"$in" : [1, 2, 3]}} will 