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Preface

Building a modern software solution can be a complex task that requires a
comprehensive understanding of the latest technologies and the core of the
problem. Knowing which data structure to use or some algorithm that can
save resources and increase the solution’s performance becomes essential.
In addition, programming languages like Go are powerful tools that have
become increasingly popular in software development.

This book is designed to provide a comprehensive guide for the most
common data structures and the algorithms that can be executed on them.
Everything will be followed with implementation in the Go programming
language. Go’s standard library offers completed implementations for some
data structures (and algorithms). For others, everything will be developed
from scratch. Numerous practical examples and illustrations will be provided
to help you understand the concepts explained in each chapter.

This book is intended for developers familiar with the Go programming
language who want to learn how to use it to implement algorithms. It is also
helpful for developers who want to expand or refresh their knowledge of
data structures and algorithms and improve their skills in building software
solutions.

With this book, you will gain the knowledge and skills to become a proficient
developer and recognize which data structure (or algorithm) suits a specific
problem. I hope you will find this book informative and helpful.

Chapter 1: Fundamentals of Data Structures and Algorithms — This chapter
introduces the reader to the concepts of data structures and algorithms.
Some of the fundamentals that will be explained are characteristics of data
structures, how data structures are represented in memory, how algorithms
can be described, and how algorithms can be categorized. Furthermore, the
chapter also gives a short history of algorithms and explains how algorithms
and data structures are connected.

Chapter 2: Arrays and Algorithms for Searching and Sorting — This chapter
presents a detailed overview of arrays (and slices as special types of arrays)
and basic array operations. Furthermore, sorting and searching algorithms
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will be shown, with detailed implementations and comparisons. This chapter
will also tackle the subject of multidimensional arrays.

Chapter 3: Lists — This chapter covers lists and basic operations that can be
performed on them. Explain the differences between types of lists, how lists
are different from arrays, and how each list type can be implemented.

Chapter 4: Stack and Queue - This chapter introduces the reader to two linear
data structures, stack and queue, that work on similar principles (there is an
order in which elements are inserted and removed), demonstrating how to
implement them. Besides regular queues, priority queues will be presented.

Chapter 5: Hashing and Maps — This chapter gives special attention to maps
as one of the most popular data structures and the operations supported by
them. This chapter also shows how to use maps in the Go programming
language and explains the concept of hashing.

Chapter 6: Trees and Traversal Algorithms — This chapter covers all tree-
related topics, like types of trees, usages, and basic operations. The second
part of the chapter will present and compare different traversal algorithms.
Ultimately, the method of sorting an array with a tree will be shown.

Chapter 7: Graphs and Traversal Algorithms — This chapter introduces the
fundamental concepts of graphs, with all operations that can be performed
on them. This chapter also explains different traversal algorithms with details
and numerous practical examples. The second part of the chapter explains
what a spanning tree is, how to find the shortest part between nodes, how to
calculate flow in graphs, and how to find the critical path.
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CHAPTER 1

Fundamentals of
Data Structures and
Algorithms

Introduction

This chapter will introduce the general concepts related to data structures
and algorithms. We will start by explaining some characteristics of data
structures. After that, we will present a short history of algorithms, explain
how to classify them and introduce O-notation. Near the end, the concept of
functions in the Go programming language will be presented. This chapter
will also explain the connection between algorithms and data structures.

Structure

The chapter covers the following topics:

Fundamentals of data structures
Characteristics of data structures
Memory representation
Structures in Go

History of algorithms
Fundamentals of algorithms
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2 Data Structures and Algorithms with Go

e Representation of algorithms

e (lassification of algorithms

e Algorithmic complexity and O-notation
¢ Functions in Go

e Data structures and algorithms

Objectives

By the end of this chapter, you will be able to understand the basic
concepts of data structures and algorithms. This is a perfect starting point
for implementing and solving many software problems. Structures and
algorithms described in this book are often more complex than ones we will
encounter in practical solutions.

Fundamentals of data structures

The data structure is a description of data organization. For example, a data
structure representing a point in two-dimensional space should contain two
values, each representing coordinates (x and y). Another example can be a
structure that defines an address. That structure can contain information
about street names, street numbers, cities, postal codes, and so on.

We have complete freedom to create data structures that best suit our needs.
Later in this chapter, we will see how to use concepts of Go programming
language to define desired data structure.

Besides these custom structures, there are a lot of well-known and established
data structures, like arrays, graphs, maps, and so on. Through this book, we
will get familiar with all of them.

On each data structure, operations specific to the given data structure can be
performed. For example, we can perform a sort operation on an array. This
operation will sort array elements in the desired order. For each structure
we will cover in this book, we will explain the basic operations that can be
performed.

Characteristics of data structures

We have multiple data structures, but we can use some characteristics
to classify them. In this section will present some of the most common
characteristics and related classifications.
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