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Preface

When you get older it seems to me that most people reflect on their lives. How

they got where they are, where they succeeded, and where they failed. I can say in
all honesty that I've failed in my career. I know it is abnormal to start a book with an
admission of failure, but I figure why start the book off with lies about succeeding
beyond my wildest dreams?

My aspirations align more with Jimmy Buffet than Warren Buffet. Keeping my interest

in anything for more than a few years is a challenge and my idea of a hard day's work is
sipping a pifia colada on a Hawaiian beach. Alas, I have failed in my ambitions. The closest
to that dream I've gotten is working for a boss who always wore Hawaiian shirts and I
don't think that counts.

This whole "expertise” in automation came out of my need to do as little work as possible.
When I was a desktop support technician, I needed ways to build a lot of machines in a
few hours instead of manually installing Windows and applications. I wanted to spend my
days in the office playing video games, reading books, or walking around and talking to
people. When I was a network engineer, I wanted people to stop paging me when I was
comfortably sleeping in the switch closets around campus. So I wrote tools that allowed
others to switch VLAN ports or clear security parameters from a network port without
calling me. Why manually balance BGP traffic every week when I could write a program
that used SFLOW data to do it?

It was going so well until I got ambitious and went to Google. I wrote a few tools to help
make the job easier for myself, such as figuring out whether on-call pages were really
caused by ongoing scheduled work or programs to provision all load balancers in a data
center. Back in those days, Google had plenty of massage chairs and other amenities I'd
rather have been taking advantage of instead of migrating links on a data center router
while on the phone with an overworked hardware ops technician in Atlanta and typing
into an IRC channel on why my network drains were still in place.
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But then people started wanting to use my tools. My friend Adel would ask whether I
could make something to program facility routers or validate that Forcel0 routers were
set up right. And he was such a nice person, you just couldn't say no. Or Kirk would come
over and ask how we could automate edge router turnups because his team was getting
overworked. Instead of making my job easier, I ended up working more hours to make
other people's jobs easier!

Hopefully my failures can help you in your success (my father used to say that no one is
completely useless; they can always be used as a bad example).

This book is filled with many of the methodologies I've used in my career and lessons on
what I believe to be the best language for DevOps at this time, Go.

David (my coauthor who will introduce himself in a moment) and I come from two
different extremes of the DevOps world. I come from a school of thought where almost

no commercial or standard open source software is used. All DevOps tools are developed
internally and are form-fitted to work in a specific environment. David comes from the
school where you use as much open source software such as Kubernetes, GitHub, Docker,
Terraform, and so on... as you can. This allows you to leverage a collection of available and
popular tools that may not be exactly what you want, but come with support networks and
lots of options. It is easier to hire engineers who already know how to work on industry-
standard tools than those who work with custom toolsets. In this book, you will find a mix
of these ideas and methodologies that encompass both schools of thought. It is our belief
that a mixture of readymade and custom tools will give you the biggest bang for your buck.

Our sincere hope is that this book will offer you not only a guide in using Go for your
DevOps needs but also the ability to write your own tools or modify existing ones to
leverage the power of Go to scale your operational needs at any company. And if nothing
else, both David and I will be giving our proceeds away to Doctors Without Borders, so if
you bought this book and nothing else comes of it, you will be helping a good cause.

But maybe you will one day be sitting on the beach, collecting your paycheck while your
automations take care of the day-to-day. I'll keep working on that goal, so if you get there
first, have a drink for me.

With that said, I'd like to introduce my esteemed coauthor, David Justice.
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As John mentioned, we come from different origins, but find ourselves approaching similar
problem spaces. My background is in software development and software engineering
spanning everything from mobile application development, web development, and
database optimization to machine learning and distributed systems. My focus has never
really been DevOps. I'm what you might call an accidental practitioner of DevOps. My
DevOps skills have come from the necessity to provide ever-increasing business value,
which required me to automate all of the things that were not related to delivering new
features and defect resolutions. My secondary motivation for developing DevOps skills is
my desire to consistently deploy code and sleep through the night. There is no motivation
quite like running a start-up and being the only person around to service a high-severity
issue at 3 a.m. to encourage you to build resilient systems and automations.

The motivations I described here should provide the basis for why I tend to choose
solutions that are quickly applied and have considerable support in the open source
community. If I can find an open source solution with great documentation that can do
the vast majority of what I need pretty well, then I can glue and tape the rest together as
needed (if you get down deep enough, at the bottom of nearly every solution is some dirty
Bash script). For me or my teams to invest a great deal of time and effort into building
bespoke tooling, I would need to have a considerable return on investment. Furthermore,
when I think of bespoke tooling, I also consider the cost of ongoing maintenance and
education of new team members. It's simple to point new team members to a project such
as Terraform and ask them to learn it. There's great documentation and endless blog posts
detailing every imaginable scenario. There's also a good chance the new team member
already knows Terraform because they were using it at a previous job. This reasoning
drives me to require a significant burden of proof to approve a project to build bespoke
tooling. For these reasons, I've spent quite a bit of time using open source DevOps tooling,
and I've made it my business to be as good at extending that tooling as I can be.

In this book, you will find a variety of bespoke tools for accomplishing tasks using only
Go and the standard library. However, you will also find several examples of how to use
existing open source tools to accomplish tasks that would otherwise take a vast amount of
custom code to achieve. I believe our different approaches add to the value of the content
and provide you with the tools needed for understanding the trade-offs involved in
inventing your own solutions or extending existing solutions to solve common

DevOps tasks.

As John left off, I too hope that this book will help you reach a Zen-like state of
automation mastery so that you can follow in John's steps and live more like Jimmy Buffet
than Warren Buffet.
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Who this book is for

This book is for anyone who would like to use Go to develop their own DevOps tooling
or to integrate custom features with DevOps tools such as Kubernetes, GitHub Actions,
HashiCorp Packer, and Terraform. You should have experience with some type of
programming language, but not necessarily Go.

What this book covers

Chapter 1, Go Language Basics, introduces the basics of the Go language.

Chapter 2, Go Language Essentials, covers essential features of the Go language.

Chapter 3, Setting Up Your Environment, explains setting up the Go environment.
Chapter 4, Filesystem Interactions, explores using Go to interact with the local filesystem.

Chapter 5, Using Common Data Formats, looks at using Go to read and write common
file formats.

Chapter 6, Interacting with Remote Data Sources, explores using Go to interact with
gRPC and REST services.

Chapter 7, Writing Command-Line Tools, shows how to write command-line tools in Go.

Chapter 8, Automating Command-Line Tasks, addresses leveraging Go's exec and SSH
packages to automate work.

Chapter 9, Observability with OpenTelemetry, looks at using OpenTelemetry with Go for
better instrumentation and alerting.

Chapter 10, Automating Workflows with GitHub Actions, shows how to use GitHub for
continuous integration, release automation, and custom actions using Go.

Chapter 11, Using ChatOps to Increase Efficiency, covers how to write ChatOps services
using Go to provide operational insights and manage incidents effectively.

Chapter 12, Creating Immutable Infrastructure Using Packer, explains customizing
HashiCorp's Packer to automate virtual machine image creation on AWS.

Chapter 13, Infrastructure as Code with Terraform, shows how to define your own custom
Terraform provider.
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Chapter 14, Deploying and Building Applications in Kubernetes, looks at how to program

and extend the Kubernetes APIs.

Chapter 15, Programming the Cloud, explains using Go to provision and interact with

cloud resources.

Chapter 16, Designing for Chaos, discusses using rate limiters, centralized workflow

engines, and policies to reduce blast radiuses.

To get the most out of this book

You will need to have some programming experience, but not necessarily with Go. A basic
understanding of command-line tools for any of the supported operating systems will be

required. It will also be helpful to have some DevOps experience.

Software covered in the book

Operating system requirements

Go 1.18 (https://go.dev)

Windows, macOS, or Linux

Packer (https://www.packer. io)

Windows, macOS, or Linux

Terraform (https://www.terraform. io)

Windows, macOS, or Linux

Kubernetes (https://kubernetes.io)

Windows, macOS, or Linux

Docker (https://www.docker.com)

Windows, macOS, or Linux

Tilt (https://tilt.dev)

Windows, macOS, or Linux

Protocol Buffers (https://developers.
google.com/protocol-buffers)

Windows, macOS, or Linux

gPRC (https://grpc.io)

Windows, macOS, or Linux

Buf CLI (https://buf.build)

Windows, macOS, or Linux

Azure CLI (https://docs.microsoft.
com/en-us/cli/azure/)

Windows, macOS, or Linux

KinD (https://kind.sigs.k8s.
io/#installation-and-usage)

Windows, macOS, or Linux

Operator SDK (https://sdk.
operatorframework.io/docs/
installation/)

Windows, macOS, or Linux

ctlptl (https://github.com/tilt-dev/
ctlptl#how-do-i-install-it)

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

This book heavily relies on Docker and Docker Compose to allow you to set up cluster
configurations that work natively on Linux. It is possible to use Windows for this book
using Windows Subsystem for Linux (WSL), but the authors have not tested this.
Additionally, many of the exercises may be done on other operating systems that are POSIX
GNU compliant. The Chapter 12, Creating Immutable Infrastructure Using Packer, requires
an AWS account running Linux virtual machines and the Chapter 13, Infrastructure as
Code with Terraform, and Chapter 15, Programming the Cloud, require an Azure account.

Download the example code files

You can download the example code files for this book from GitHub at https://
github.com/PacktPublishing/Go-for-DevOps. If there's an update to the code,
it will be updated in the GitHub repository.

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

Download the color images

We also provide a PDF file that has color images of the screenshots and diagrams used
in this book. You can download it here: https://static.packt-cdn.com/
downloads/9781801818896 ColorImages.pdf.

Conventions used

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

Code in text:Indicates code words in text, database table names, folder names,
filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles.
Here is an example: "Set up a directory called packer in your user's home directory.'

A block of code is set as follows:

packer
required plugins ({
amazon = {

version = ">= 0.0.1"


https://github.com/PacktPublishing/Go-for-DevOps
https://github.com/PacktPublishing/Go-for-DevOps
https://github.com/PacktPublishing/
https://static.packt-cdn.com/downloads/9781801818896_ColorImages.pdf
https://static.packt-cdn.com/downloads/9781801818896_ColorImages.pdf
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When we wish to draw your attention to a particular part of a code block, the relevant
lines or items are set in bold:

source "amazon-ebs" "ubuntu" {

access_key = "your key"

secret key = "your secret"

ami name = "ubuntu-amdé64"
instance type = "t2.micro"

Any command-line input or output is written as follows:

sudo yum install -y yum-utils

sudo yum-config-manager --add-repo https://rpm.releases.
hashicorp.com/AmazonLinux/hashicorp.repo

sudo yum -y install packer

Bold: Indicates a new term, an important word, or words that you see onscreen. For
instance, words in menus or dialog boxes appear in bold. Here is an example: "You will
need to go to Settings | Secrets in your GitHub repository. Click the provided button,
New Repository Secret."

Tips or Important Notes

Appear like this.

Get in touch

Feedback from our readers is always welcome.

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

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


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

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

Share your thoughts

Once you've read Go for DevOps, we'd love to hear your thoughts! Please click here to go
straight to the Amazon review page for this book and share your feedback.

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


http://authors.packtpub.com
http://authors.packtpub.com
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Section 1:
Getting Up and
Running with Go

Go is a type-safe concurrent language that is easy to develop with while being extremely
performant. In this section, we will start by learning the basics of the Go language such as
types, variable creation, functions, and other basic language constructs. We will continue
teaching essential topics that include concurrency, the context package, testing, and
other necessary skills. You will learn how to set up a Go environment for your operating
system, interact with the local filesystem, use common data formats, and communicate
with remote data sources using methods such as REST and gRPC. Finally, we will

dive into automation by writing command-line tools with popular packages that issue
commands to local and remote resources.

The following chapters will be covered in this section:

Chapter 1, Go Language Basics

Chapter 2, Go Language Essentials

Chapter 3, Setting Up Your Environment
Chapter 4, Filesystem Interactions

Chapter 5, Using Common Data Formats
Chapter 6, Interacting with Remote Data Sources
Chapter 7, Writing Command-Line Tooling
Chapter 8, Automating Command-Line Tasks
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DevOps is a concept that has been floating around since the early 2000s. It is a
popularization of an operations discipline that relies on programming skills with
development psychology popularized by Agile.

Site reliability engineering (SRE) is now considered a subdiscipline of DevOps,
though it is likely the precursor to DevOps and relies more heavily on software skills
and Service - Level Obligation (SLO)/Service - Level Agreement (SLA) modeling.

During my early time at Google, like many of today's DevOps shops, we used Python
heavily. I think C++ was too painful for many SREs, and we had Python celebrities in
Guido van Rossum and Alex Martelli.

But, as time wore on, many of the groups working in Python started having scaling

issues. This included everything from Python running out of memory (requiring us to
hack in our own malloc) to the Global Interpreter Lock (GIL) preventing us from true
multithreading. At scale, we found that the lack of static types was giving us an abundance
of errors that should have been caught at compile time. This mirrored what production
services had seen years before.

But, Python came with more than compile-time and service-scaling issues. Simply moving
to a new version of Python in the fleet might cause a service to stop working. The Python
version run on Google machines would often get upgraded and expose bugs in your code
that the previous version did not. Unlike a compiled binary, you could not just roll back to
an old version.
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Several of us in different organizations were looking to solve these types of problems
without having to use C++. For my personal journey, I heard about Go from my
colleagues in our Sydney office (Hey, Ross!). It was the pre-1.0 days, but they said it was
already showing a lot of promise. I can't say I was even remotely convinced that what we
needed was another language.

About 6 months later, however, I had bought Go hook, line, and sinker. It had everything
we needed without everything we didn't. Now, it was still pre-1.0 days, so there was a
certain amount of churn back then that was unpleasant (such as finding that Russ Cox had
changed the t ime package over the weekend, so I had to rewrite a bunch of code). But,
the benefits after writing my first service were undeniable.

I spent the next 4 years moving my department from a complete Python shop to almost a
complete Go shop. I started teaching classes in Go across the world, targeted at operations
engineers, rewriting core libraries for Go, and evangelizing to what was probably an
annoying amount. Just because Go was invented at Google, it didn't mean that the
engineers wanted to throw away their Python code and learn something new; there was
more than a little resistance.

Now, Go has become the de facto language for cloud orchestration and software in the
larger world (from Kubernetes to Docker). Go comes with all the tools you need to make
huge strides in the reliability of your tooling and ability to scale.

Because many of these cloud services are written in Go, their parts are available to you by
accessing their packages for your own tooling needs. This can make writing tooling for the
cloud an easier experience.

For the next two chapters, I will be sharing my 10+ years' experience of teaching Go to
engineers around the world to give you the basics and essentials of the Go language. Much
of what you will read here is based on my free Go basics video training course, https://
www . golangbasics. com. This course will differ slightly from that one in that it is
more condensed. As you work your way through the book, we will continue to extend
your knowledge of the Go language's standard library and third-party packages.

This chapter will cover the following main topics:

« Using the Go Playground
« Utilizing Go packages

« Using Go's variable types
o Looping in Go

« Using conditionals
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o Learning about functions

o Defining public and private
 Using arrays and slices

+ Getting to know about structs
« Understanding Go pointers

« Comprehending Go interfaces

Now, let's get the basics down and get you on your way!

Technical requirements

The only technical requirement for this chapter is a modern web browser for using the
Go Playground.

Using the Go Playground

The Go Playground, which you can find at https: //play.golang.org/, is an online
code editor and compiler that allows you to run Go code without installing Go on your
machine. This is the perfect tool for our introductory chapters, allowing you to save your
work online without the initial fuss of installing the Go tooling, or finding a code editor,
for example.

There are four important parts of the Go Playground:

+ The code editing pane
o The console window

o The Run button

o The Share button

The code editing pane, which is the yellow portion of the page, allows you to type in the
Go code for your program. When you hit the Run button, the code will be compiled and
then run with the output sent to the console, which is the white portion of the page below
the code editor.


https://play.golang.org/
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The following screen shows a glimpse of what the Go Playground does:

The Go Payground (G50 22D D

package main

import
"fmt" Create a shareable link
)
func main() { Runs our program
fmt.Println{"Hello Readers!™)
} < ——————— Write your code here
Hello Readers! <——————= (Code runs here
Program exited.

Figure 1.1 - Go Playground code editor

Clicking the Share button will store an immutable copy of the code and will change the
URL from play.golang.org into a shareable link, such as play.golang.org/p/
HmnNoBf 0p1lz. This link is a unique URL that you can bookmark and share with others.
The code in this link cannot be changed, but if you hit the Share button again, it will
create a new link with any changes.
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Later chapters, starting with Chapter 4, Filesystem Interaction, will require installing the
Go tooling for your platform.

This section taught you about the Go Playground and how to use it to write, view, share,
and run your Go code. The Playground will be used extensively throughout the book to
share runnable code examples.

Now, let's jump into writing Go code, starting with how Go defines packages.

Utilizing Go packages
Go provides reusable blocks of code that can be imported into other code using packages.

Packages in Go are synonymous with libraries or modules in other languages. Packages
are the building blocks of Go programs that divide the content into understandable parts.

This section will cover how to declare and import a package. We will discuss how to deal
with package name conflicts, explore rules around packages, and we will write our first
main package.

Declaring a package

Go divides programs into packages, sometimes called modules or libraries in other
languages. Packages live on a path, and the path is made to look like a path to a directory
on a Unix-like filesystem.

All Go files in a directory must belong to the same package. The package is most
commonly named the same as the directory it lives in.

Declaring a package happens at the top of the file, and should only be preceded by a
comment. Declaring a package is as simple as the following:

// Package main is the entrance point for our binary.

// The double slashes provides a comment until the end of the
line.

/*
This is a comment that lasts until the closing star slash.
*/

package main

package main is special. All other package names declare a package that must be
imported into another package to be used. package main will declare func main (),
which is the starting point for a binary to run.
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All Go files in a directory must have the same package header (compiler-enforced). These
files, for most practical purposes, act as if they are concatenated together.

Let's say you have a directory structure as follows:

mypackage/
filel.go
file2.go

Then, filel.goand £ile2.go should have the following:
package mypackage

When mypackage is imported by another package, it will include everything declared in
all files in the mypackage directory.

Importing a package

There are two general types of packages:
o The standard library (stdlib) packages
o All other packages

Standard library packages stand out because they don't list some repository information in
their path, such as the following:

n fmt n
"encoding/json"
"archive/zip"

All other packages generally have repository information preceding them, as follows:

"github.com/johnsiilver/golib/lru"
"github.com/kylelemons/godebug/pretty"

Note

A complete listing of std1ib packages can be found at the following link:
https://golang.org/pkg/.
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To import packages, we use the import keyword. So, let's import the standard
library fmt package and the mypackage package, which lives at github. com/
devopsforgo/mypackage:

package main
import (
n fmt n
"github.com/devopsforgo/mypackage"
)

It is important to note that the filenames are not part of the package path, but simply the
directory path.

Using a package
Once you've imported a package, you can start accessing functions, types, or variables

declared in the package by prefacing what you want to access with the name of the
package and a period.

For example, the £mt package has a function called Print1n () that can be used to print
a line to stdout. If we want to use it, it is as simple as the following:

fmt.Println("Hello!")

Package name conflicts

Let's say you have two packages named mypackage. They both have the same name, so
our program won't be able to tell which one we are referring to. You can rename a package
import into whatever name you want:

import (

"github.com/devopsforgo/mypackage"

jpackage "github.com/johnsiilver/mypackage"
)

jpackage declares that in this package, we will refer to github.com/johnsiilver/
mypackage as jpackage.

This ability allows us to use two similarly named packages as follows:

mypackage.Print ()
jpackage.Send ()
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Now, we will look at an important rule around packages that improves compile-time and
binary size.

Packages must be used

Let's introduce you to the following rule: If you import a package, you must use it.

One of the things that the Go authors noticed about many of the other programming
languages being used at Google was that they often had unused imports.

This was leading to compile times that were longer than needed and, in some cases, binary
sizes that were much bigger than required. Python files were packaged in a proprietary
format to ship around production, and some of these unused imports were adding
hundreds of megabytes to the files.

To prevent these types of problems, Go will not compile a program that imports a package
but doesn't use it, as shown here:

package main
import (
"fmt"
"sync"
)
func main() {
fmt.Println("Hello, playground")

}

The preceding code outputs the following:
./prog.go:5:2: imported and not used: "sync"

In certain rare circumstances, you may need to do a side effects import, in which just loading
the package causes something to happen, but you don't use the package. This should always
be done in package main and requires prepending with an underscore (_):

package main
import (
"fmt"
__ "sync" //Just an example
)
func main() {
fmt.Println("Hello, playground")
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Next, we will declare a main package and discuss the basics of writing a Go program that
imports a package.

A Go Hello World

Let's write a simple hello world program that is similar to the default program in the Go
Playground. This example will demonstrate the following:

+ Declaring a package

+ Importing the fmt package from the standard library, which can print to our screen
» Declaring themain () function of a program

+ Declaring a string variable using the : = operator

« Printing the variable to the screen
Let's see what this looks like:

package main

import "fmt"

1

2

3

4

5 func main() {
6 hello := "Hello World!" fmt.Println (hello)
7

8

}

In our first line, we declared the name of our package using the package keyword.
The entrance point for any Go binary is a package named main that has a function
called main ().

In our third line, we import the fmt package. fmt has functions for doing string
formatting and writing to various outputs.

On our fifth line, we declare a function called main that takes no arguments and
returns no values. main () is special, as when a binary is run, it starts by running the
main () function.

Go uses { } to show where a function starts and where a function ends (similar to C).
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The sixth line declares a variable named hello using the : = operator. This operator
indicates that we wish to create a new variable and assign it a value in a single line. This is
the most common, but not the only, way to declare a variable.

As Go is typed, so : = will assign the type based on the value. In this case, it will be a
string, but if the value was an integer (such as 3), it would be the int type, and if a
floating-point (such as 2. 4), it would be the £1oaté64 type. If we wanted to declare a
specific type, such as int 8 or £1loat32, we would need some modifications (which we
will talk about later).

On the seventh line, we call a function that is in the fmt package called Print1ln.
Println () will print the contents of the hello variable to stdout followed by a new
line character (\n).

You will notice that the way to use a function declared in another package is to use
the package name (without quotes) + a period + the name of the function. In this case,
fmt.Println().

In this section, you have learned how to declare a package, import a package, what the
function of the main package is, and how to write a basic Go program with a variable
declaration. In the next section, we will go into some depth on declaring and using variables.

Using Go's variable types

Modern programming languages are built with primitives called types. When you hear
that a variable is a string or integer, you are talking about the variable's type.

With today's programming languages, there are two common type systems used:

« Dynamic types (also called duck typing)
o Static types

Go is a statically typed language. For many of you who might be coming from languages
such as Python, Perl, and PHP, then those languages are dynamically typed.

In a dynamically typed language, you can create a variable and store anything in it.
In those languages, the type simply indicates what is stored in the variable. Here is an
example in Python:

"hello"
v 8
v = 2.5

v
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In this case, v can store anything, and the type held by v is unknown without using some
runtime checks (runtime meaning that it can't be checked at compile time).

In a statically typed language, the type of the variable is set when it is created. That type
cannot change. In this type of language, the type is both what is stored in the variable and
what can be stored in the variable. Here is a Go example:

v := "hello" // also can do: var v string = "hello"

The v value cannot be set to any other type than a string.

It might seem like Python is superior because it can store anything in its variable. But
in practice, this lack of being specific means that Python must wait until a program is
running before it can find out there is a problem (what we call a runtime error). It is
better to find the problem when the software is compiled than when it is deployed.

Let's take a look at a function to add two numbers together as an example.
Here is the Python version:

def add(a, b):
return a+b

Here is the Go version:

func add(a int, b int) int {
return a + b

}

In the Python version, we can see that a and b will be added together. But, what types
are a and b? What is the result type? What happens if I pass an integer and a float or an
integer and a string?

In some cases, two types cannot be added together in Python, which will cause a runtime
exception, and you can never be sure of what the result type will be.

Note

Python has added type hints to the language to help avoid these problems. But,
practical experience has taught us with JavaScript/Dart/TypeScript/Closure
that while it can help, optional type support means that a lot of problems fall
through the cracks.
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Our Go version defines the exact types for our arguments and our result. You cannot pass
an integer and a float or an integer and a string. You will only ever receive an integer as a
return. This allows our compiler to find any errors with variable types when the program
is compiled. In Python, this error could show up at any time, from the instant it ran to 6
months later when a certain code path was executed.

Note

A few years ago, there was a study done on the Rosetta Code repository for
some of the top languages in use to see how they fared in processing time,
memory use, and runtime failures. For runtime failures, Go had the least
failures, with Python towards the bottom of the ranking. Static typing would
have certainly played into that.

The study can be found here: https://arxiv.org/
pdf/1409.0252.pdf.

Go's types

Go has a rich type system that not only specifies that a type might be an integer but also
the size of the integer. This allows a Go programmer to reduce the size of a variable both
in memory and when encoding for network transport.

The following table shows the most common types used in Go:

Type Description

int A 64-bit signed integer on 64-bit systems, 32 on 32-bit systems
bool A Boolean, either true or false

string A string of UTF-8 characters

floate4 A 64-bit floating-point number

slice A growable list of items

map Key-value pairs, similar to Python's dictionaries

struct A collection of named attributes (variables), similar to Python objects
interface | A type that holds a value with specifically defined methods
pointers A type that stores the memory address of a variable, not the variable
channels | A buffered or non-buffered pipe for sending data asynchronously

Table 1.1 - Common types used in Go and their descriptions

We will be keeping our discussion mostly to the preceding types; however, the following
table is the full list of types that can be used:
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Type Description
uintsg The set of all unsigned 8-bit integers (0 to 255)
uintlé The set of all unsigned 16-bit integers (0 to 65,535)
uint32 The set of all unsigned 32-bit integers (0 to 4,294,967,295)
uinté4 The set of all unsigned 64-bit integers (0 to 18,446,744,073,709,551,615)
ints The set of all signed 8-bit integers (-128 to 127)
intle The set of all signed 16-bit integers (-32,768 to 32,767)
int32 The set of all signed 32-bit integers (-2,147,483,648 to 2,147,483,647)
inte4 The set of all signed 64-bit integers (-9,223,372,036,854,775,808 to
9,223,372,036,854,775,807)
float32 The set of all IEEE-754 32-bit floating-point numbers
complex64 | The set of all complex numbers with £1oat32 real and imaginary parts
complex12 | The set of all complex numbers with £1oat64 real and imaginary parts
byte Alias for uint8
rune Alias for int32
uint An unsigned integer, either 32- or 64-bit
uintptr An unsigned integer large enough to store the uninterpreted bits of a
pointer value
array A non-growable list of items
function | A function that can be stored in a variable, not just defined and called

Table 1.2 - Full list of types that you can use in Go

Go doesn't just provide these types; you can also create new types based on these basic
types. These custom types become their own type and can have methods attached to them.

Declaring a custom type is done with the type keyword and will be discussed during
the section on the struct type. For now, we are going to move on to the basics of
declaring variables.

Now that we've talked about our variable types, let's have a look at how we can create them.

Declaring variables

As in most languages, declaring a variable allocates storage that will hold some type of
data. In Go, that data is typed so that only that type can be stored in the allocated storage.
As Go has multiple ways to declare a variable, the next parts will talk about the different
ways this can be done.
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The long way to declare a variable

The most specific way to declare a variable is using the var keyword. You can use var to
declare a variable both at the package level (meaning not inside a function) and within a
function. Let's look at some examples of ways to declare variables using var:

var i inté64

This declares an i variable that can hold an int 64 type. No value is assigned, so the value
is assigned the zero value of an integer, which is 0:

var i int = 3

This declares an i variable that can hold an int type. The value 3 is assigned to i.

Note that the int and inté64 types are distinct. You cannot use an int type asan int64
type, and vice versa. However, you can do type conversions to allow interchanging these
types. This is discussed later:

var (
i int
word = "hello"

)

Using (), we group together a set of declarations. i can hold an int type and has the
integer zero value, 0. word doesn't declare the type, but it is inferred by the string value
on the right side of the equal (=) operator.

The shorter way

In the previous example, we used the var keyword to create a variable and the = operator
to assign values. If we do not have an = operator, the compiler assigns the zero value for
the type (more on this later).

The important concept is as follows:

« var created the variable but did not make an assignment.

o =assigned a value to the variable.

Within a function (not at the package level), we can do a create and assign by using the : =
operator. This both creates a new variable and assigns a value to it:

i := 1 // 1 is the int type
word := "hello" // word is the string type
f := 3.2 // £ is the floaté4 type
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The important thing to remember when using : = is that it means create and assign. If the
variable already exists, you cannot use : =, but must use =, which just does an assignment.

Variable scopes and shadowing

A scope is the part of the program in which a variable can be seen. In Go, we have the
following variable scopes:

« Package scoped: Can be seen by the entire package and is declared outside a function
+ Function scoped: Can be seen within { } which defines the function

« Statement scoped: Can be seen within { } of a statement in a function (£or loop,
if/else)

In the following program, the word variable is declared at the package level. It can be used
by any function defined in the package:

package main
import "fmt"
var word = "hello"

func main() {
fmt.Println (word)

}

In the following program, the word variable is defined inside the main () function and
can only be used inside { } which defines main. Outside, it is undefined:

package main
import "fmt"

func main() {
var word string = "hello"
fmt.Println (word)



18 Go Language Basics

Finally, in this program, i is statement scoped. It can be used on the line starting our for
loop and inside { } of the loop, but it doesn't exist outside the loop:

package main
import "fmt"

func main() {
for 1 := 0; 1 < 10; i++ {
fmt.Println (i)

}

The best way to think of this is that if your variable is declared on a line that has {or
within a set of { }, it can only be seen within those { }.

Cannot redeclare a variable in the same scope

The rule for this, You cannot declare two variables with the same name within the
same scope.

This means that no two variables within the same scope can have the same name:

func main() {
var word = "hello"
var word = "world"
fmt.Println (word)

}

This program is invalid and will generate a compile error. Once you have declared the
word variable, you cannot recreate it within the same scope. You can change the value to a
new value, but you cannot create a second variable with the same name.

To assign word a new value, simply remove var from the line. var says create variable
where we want to only do an assignment:

func main() {
var word = "hello"
word = "world"

fmt.Println (word)



Using Go's variable types 19

Next, we will look at what happens when you declare two variables with the same name in
the same scope, but within separate code blocks.

Variable shadowing

Variable shadowing occurs when a variable that is within your variable scope, but not
in your local scope, is redeclared. This causes the local scope to lose access to the outer
scoped variable:

package main

import "fmt"

var word = "hello"
func main() {
var word = "world"
fmt.Println("inside main(): ", word)
printOutter ()
}
func printOutter() {
fmt.Println("the package level 'word' var: ", word)
}

As you can see, word is declared at the package level. But inside main, we define a new
word variable, which overshadows the package level variable. When we refer to word
now, we are using the one defined inside main ().

printOutter () is called, but it doesn't have a locally shadowed word variable (one
declared between its { }), so it used the one at the package level.

Here's the output of this program:

inside main(): world
the package level 'word' var: hello

This is one of the more common bugs for Go developers.
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Zero values

In some older languages, a variable declaration without an assignment has an unknown
value. This is because the program creates a place in memory to store the value but doesn't
put anything in it. So, the bits representing the value are set to whatever happened to be in
that memory space before you created the variable.

This has led to many unfortunate bugs. So, in Go, declaring a variable without an
assignment automatically assigns a value called the zero value. Here is a list of the zero
values for Go types:

Type Description
(u)int/8/16/32/64 The integer 0
string The empty string, " "
bool false

float32/64 0.0

slice The nil value

map The nil value
struct An empty struct, { }, with all attributes having zero values
interface The nil value
pointers The nil value
channels The nil value

byte The integer 0

rune The integer 0

array A zero-length array
function The nil value

Table 1.3 - Zero values for Go types

Now that we understand what zero values are, let's see how Go prevents unused variables
in our code.

Function/statement variable must be used

The rule here is that if you create a variable within a function or statement, it must be
used. This is much for the same reaso