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Preface

This book covers the most common design patterns and frameworks involved in software
architecture. It discusses when and how to use each pattern by providing you with practical
real-world scenarios. This book also presents techniques and processes such as DevOps,
microservices, continuous integration, and cloud computing so that you can have a best-in-
class software solution developed and delivered for your customers.

This book will help you to understand the product that your customer wants from you. It
will guide you to deliver and solve the biggest problems you could face during
development. It also covers the do's and don'ts that you need to follow when you manage
your application in a cloud-based environment. You will learn about different architectural
approaches, such as layered architectures, service-oriented architecture, microservices, and
cloud architecture, and understand how to apply them to specific business requirements.
Finally, you will deploy code in remote environments or on the cloud using Azure.

All the concepts in this book will be explained with the help of real-world practical use
cases where design principles make the difference when creating safe and robust
applications. By the end of the book, you will be able to develop and deliver highly scalable
enterprise-ready applications that meet the end customers' business needs.

It is worth mentioning that this book will not only cover the best practices that a software
architect should follow for developing C# and .NET Core solutions, but it will also discuss
all the environments that we need to master in order to develop a software product
according to the latest trends.

Who this book is for

This book is for engineers and senior developers who are aspiring to become architects or
wish to build enterprise applications with the .NET stack. Experience with C# and .NET is
required.

What this book covers

Chapter 1, Understanding the Importance of Software Architecture, explains the basics of
software architecture. This chapter will give you the right mindset to face customer
requirements, and then select the right tools, patterns, and frameworks.
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Chapter 2, Functional and Nonfunctional Requirements, guides you in the first stage of
application development, that is, collecting user requirements and accounting for all other
constraints and goals that the application must fulfill.

Chapter 3, Documenting Requirements with Azure DevOps, describes techniques for
documenting requirements, bugs, and other information about your applications. While
most of the concepts are general, the chapter focuses on the usage of Azure DevOps.

Chapter 4, Deciding the Best Cloud-Based Solution, gives you a wide overview of the tools
and resources available in the cloud, and in particular on Microsoft Azure. Here, you will
learn how to search for the right tools and resources and how to configure them to fulfill
your needs.

Chapter 5, Applying a Microservice Architecture to Your Enterprise Application, offers a broad
overview of microservices and Docker containers. Here, you will learn how the
microservices-based architecture takes advantage of all the opportunities offered by the
cloud and you will see how to use microservices to achieve flexibility, high throughput,
and reliability in the cloud. You will learn how to use containers and Docker to mix
different technologies in your architecture as well as make your software platform-
independent.

Chapter 6, Interacting with Data in C# - Entity Framework Core, explains in detail how your
application can interact with various storage engines with the help of Object-Relational
Mappings (ORMs) and Entity Framework Core 3.0.

Chapter 7, How to Choose Your Data Storage in the Cloud, describes the main storage engines
available in the cloud and, in particular, in Microsoft Azure. Here, you will learn how to
choose the best storage engines to achieve the read/write parallelism you need and how to
configure them.

Chapter 8, Working with Azure Functions, describes the serverless model of computation
and how to use it in the Azure cloud. Here, you will learn how to allocate cloud resources
just when they are needed to run some computation, thus paying only for the actual
computation time.

Chapter 9, Design Patterns and .NET Core Implementation, describes common software
patterns with .NET Core 3 examples. Here, you will learn the importance of patterns and
best practices for using them.

Chapter 10, Understanding the Different Domains in a Software Solution, describes the modern
domain-driven design software production methodology, how to use it to face complex
applications that require several knowledge domains, and how to use it to take advantage
of cloud- and microservices-based architectures.

[2]
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Chapter 11, Implementing Code Reusability in C# 8, describes patterns and best practices to
maximize code reusability in your C# .NET Core applications.

Chapter 12, Applying Service-Oriented Architectures with NET Core, describes service-
oriented architecture, which enables you to expose the functionalities of your applications
as endpoints on the web or on a private network so that users can interact with them
through various types of clients. Here, you will learn how to implement service-oriented
architecture endpoints with ASP.NET Core, and how to self-document them with existing
OpenAPI packages.

Chapter 13, Presenting ASP.NET Core MVC, describes in detail the ASP.NET Core
framework. Here, you will learn how to implement web applications based on the Model-
View-Controller (MVC) pattern and how to organize them according to the prescriptions of
domain-driven design, described in cChapter 10, Understanding the Different Domains in a
Software Solution.

Chapter 14, Best Practices in Coding C# 8, describes best practices to be followed when
developing .NET Core applications with C# 8.

Chapter 15, Testing Your Code with Unit Test Cases and TDD, describes how to test your
applications. Here, you will learn how to test NET Core applications with xUnit, and see
how easily you can develop and maintain code that satisfies your specifications with the
help of test-driven design.

Chapter 16, Using Tools to Write Better Code, describe metrics that evaluate the quality of
your software and how to measure them with the help of all the tools included in Visual
Studio.

Chapter 17, Deploying Your Application with Azure DevOps, describes how to automate the
whole deployment process, from the creation of a new release in your source repository,
through various testing and approval steps, to the final deployment of the application in
the actual production environment. Here, you will learn how to use Azure Pipelines to
automate the whole deployment process.

Chapter 18, Understanding DevOps Principles, describes the basics of the DevOps software
development and maintenance methodology. Here, you will learn how to organize your
application's continuous integration/continuous delivery cycle.

Chapter 19, Challenges of Applying CI Scenarios in DevOps, complements the description of
DevOps with continuous integration scenarios.

[3]
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Chapter 20, Automation for Software Testing, is dedicated to automatic acceptance tests — that
is, tests that verify automatically whether a version of a whole application conforms with
the agreed specifications. Here, you will learn how to simulate user operations with
automation tools and how to use these tools together with xUnit to write your acceptance
tests.

To get the most out of this book

Do not forget to have Visual Studio Community 2019 or higher installed.

Be sure that you understand C# .NET principles.

Download the example code files

You can download the example code files for this book from your account at
www .packt . com. If you purchased this book elsewhere, you can visit
www . packtpub.com/support and register to have the files emailed directly to you.

You can download the code files by following these steps:

Log in or register at www.packt . com.
Select the Support tab.
Click on Code Downloads.

Enter the name of the book in the Search box and follow the onscreen
instructions.

L

Once the file is downloaded, please make sure that you unzip or extract the folder using the
latest version of:

e WinRAR/7-Zip for Windows
e Zipeg/iZip/UnRarX for Mac
e 7-Zip/PeaZip for Linux

The code bundle for the book is also hosted on GitHub at https://github.com/
PacktPublishing/Hands-On-Software-Architecture-with-CSharp-8. In case there's an
update to the code, it will be updated on the existing 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!

[4]
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Code in Action

You can see the code in action videos at http://bit.1ly/201d2IG.

Download the color images

We also provide a PDF file that has color images of the screenshots/diagrams used in this
book. You can download it here: https://static.packt-cdn.com/downloads/
9781789800937_ColorImages.pdf

Conventions used

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

CodeInText: 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: "They are copied in the final string just once, when you call sb.ToString () to
get the final result."

A block of code is set as follows:

[Fact]
public void Testl()
{

var myInstanceToTest = new ClassToTest () ;
Assert.Equal (5, myInstanceToTest.MethodToTest (1)) ;

}

Bold: Indicates a new term, an important word, or words that you see onscreen. For
example, words in menus or dialog boxes appear in the text like this. Here is an example:
"In the Solution Explorer, you have the option to Publish... by right-clicking."

Warnings or important notes appear like this.

Tips and tricks appear like this.

[5]
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Preface

Get in touch

Feedback from our readers is always welcome.

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

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, selecting your book,
clicking on the Errata Submission Form link, and entering the details.

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.

Reviews

Please leave a review. Once you have read and used this book, why not leave a review on
the site that you purchased it from? Potential readers can then see and use your unbiased
opinion to make purchase decisions, we at Packt can understand what you think about our
products, and our authors can see your feedback on their book. Thank you!

For more information about Packt, please visit packt .com.
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Section 1: Transforming
Customer Needs in Real-World
Applications

This section includes the first three chapters of the book. The idea is to make sure you
understand how to transform user requirements into the actual architectural needs that are
essential for project success, using the various architectural aspects and design
considerations involved in developing enterprise applications with C# and .NET Core.

In chapter 1, Understanding the Importance of Software Architecture, we will discuss the
importance of software architecture and aspects related to .NET Core and C#. The chapter
will also discuss the importance of analyzing software requirements and designing for
principles such as scalability and robustness. No matter what software development cycle
you decide to have in your project, analyzing requirements will help you adhere to the goal
of the project. Without this, the success of your project is at risk. This chapter will present
some use cases where a lack of understanding of the requirements gathered led to project
failures. Besides this, in each case, we will provide practical advice that could help to
protect your software from the scenarios presented.

Once you have understood the process of gathering system requirements, in Chapter

2, Functional and Nonfunctional Requirements, we will prompt you to think about the impacts
that the requirements have on the architectural design. Scalability, performance,
multithreading, interoperability, and other subjects will be discussed, both their theory and
their practice.
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To finish the first section, in chapter 3, Documenting Requirements with Azure DevOps, we
will present Azure DevOps, which is the tool currently being provided by Microsoft to
enable an application development life cycle that follows the principles of the DevOps
philosophy. There are a variety of good features that can help you document and organize
your software, and the purpose of the chapter is to present an overview of those features.

This section includes the following chapters:

e chapter 1, Understanding the Importance of Software Architecture
e Chapter 2, Functional and Nonfunctional Requirements
e Chapter 3, Documenting Requirements with Azure DevOps
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Understanding the Importance
of Software Architecture

Nowadays, software architecture is one of the most discussed topics in the software
industry, and for sure, its importance will grow more in the future. The more we build
complex and fantastic solutions, the more we need great software architectures to maintain
them. That is the reason why you decided to read this book. That is the reason why we
decided to write it.

For sure, it is not an easy task to write about this important topic, which offers so many
alternative techniques and solutions. The main objective of this book is not just to build an
exhaustive and never-ending list of available techniques and solutions, but also to show
how various families of techniques are related and how they impact, in practice, the
construction of a maintainable and sustainable solution.

The attention on how to create actual efficacious enterprise solutions increases as
users always need more new features in their applications. Moreover, the need to
deliver frequent application versions (due to a quickly changing market) increases the
obligation to have sophisticated software architecture and development techniques.

The following topics will be covered in this chapter:

e The history of software development and the definition of software architecture
e Software processes currently used by success enterprises
e The process for gathering requirements
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By the end of this chapter, you will be able to understand exactly what the mission of a
software architecture is. You will also learn what Azure is and how to create your account
in the platform. Besides considering this is an introductory chapter, you will get an
overview of software processes, models, and other techniques that will enable you to
conduct your team.

Technical requirements

This chapter will guide you on how to create an account in Azure, hence no code will be
provided.

What is software architecture?

If you are reading this book today, you should thank the computer scientists who decided
to consider software development as an engineering area. This happened in the last century
and, more specifically, at the end of the sixties, when they proposed that the way we
develop software is quite similar to the way we construct buildings. That is why we have
the name software architecture. Like in the design of a building, the main goal of a
software architect is to ensure that the software application is implemented well. But a
good implementation requires the design of a great solution. Hence, in a professional
development project, you have to do the following things:

Define the customer requirements for the solution.
¢ Design a great solution to meet those requirements.

Implement the designed solution.

Validate the solution with your customer.

Deliver the solution in the working environment.

Software engineering defines these activities as the software development life cycle. All of
the theoretical software development process models (waterfall, spiral, incremental, agile,
and so on) are somehow related to this cycle. No matter which model you use, if you do not
work with the essential tasks presented earlier during your project, you will not deliver
acceptable software as a solution.
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The main point about designing great solutions is totally connected to the purpose of this
book. You have to understand that great real-world solutions bring with them a few
fundamental constraints:

¢ The solution needs to meet user requirements.
The solution needs to be delivered on time.

The solution needs to adhere to the project budget.

The solution needs to deliver good quality.

The solution needs to guarantee a safe and efficacious future evolution.

Great solutions need to be sustainable and you have to understand that there is no
sustainable software without great software architecture. Nowadays, great software
architectures depend on both tools and environments to perfectly fit users' requirements.
To explain this, this book will use some great tools provided by Microsoft:

e Azure: This is the cloud platform from Microsoft, where you will find all of the
components it provides to build advanced software architecture solutions.

¢ Azure DevOps: This is the application life cycle management environment
where you can build solutions using the latest approach for developing software,
that is, DevOps.

e C#: This is one of the most used programming languages in the world. C# runs
on small devices up to huge servers in different operating systems and
environments.

e .NET Core: This is an open source development platform that is maintained by
the Microsoft and .NET community on GitHub.

e ASP.NET Core: This is an open source multi-platform environment developed
using .NET Core to build web applications and is hosted in the cloud or even on
standard servers (on-premises).

Being a software architect means understanding the aforementioned and a lot of other
technologies. This book will guide you on a journey where you, as a software architect
working in a team, will provide optimal solutions with the tools listed. Let's start this
journey by creating your Azure account.
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Creating an Azure account

Microsoft Azure is one of the best cloud solutions currently available on the market. It is
important to know that, inside Azure, we will find a bunch of components that can help us
in the architecture of twenty-first century solutions.

This subsection will guide you in creating an Azure account. If you already have one, you
can skip this part:

1. You can access the Azure portal using this URL: https://azure.microsoft.com.
Here, you will find a website, as follows. The translation to your native language
will probably be set automatically:

fa}

® Néo seguro | azuremicrosoft.com,

&5t Qg e My account Portal Sign in

B Microsoft Azure

Overview v Solutions  Products v Documentation  Pricing Training  Marketplace v  Partners v Support~ Blog More v Free account

Your vision. Your cloud. .
Microsoft

Turn your ideas into solutions faster using a trusted cloud that is designed for you.

Azure. Cloud for all.

Get the top news from the event

Download Visual Studio 2019 on PC

Connect();
2018

Watch the ights and videos >

Preview serverless Azure Kubernetes Save on Azure Cosmos DB—database

Azure Machine Learning— build, train,

and deploy models from the cloud to throughput now starts at $24/month

and Mac—bringing more ways to Service (AKS) virtual node—elastically

code smarter and be more productive the edge provisions compute capacity in

seconds

See all announcements >

2. Once you have accessed this portal, it is possible to sign up. If you have never
done this before, it is possible to sign up for free, so you will be able to use some
Azure features without spending any money.
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3. Once you finish the form, you will be able to access the Azure panel. As you can
see in the following screenshot, the panel shows a dashboard that you can
customize, and a menu on the left, where you can set up the Azure components
you are going to use in your solution. Throughout this book, we will come back
to this screenshot to set up the components that create great opportunities for
modern software architecture:

c 0

@ portal.azure.com/#al

Microsoft Azure

£ Search resources, services, and docs (G+/)

All services | £ Bearch Al

Overview Featured
Categories <) - - - = v PN
oo
o & = o () &7 o
All
Virtual App Services Storage saL Azure Azure Kubernetes Function App
General machines accounts databases Database for Cosmos DB services
Compute
o 8 ® & 9 @& -
Networking 7 I | e&
Storage Virtual Azure Active Resource Monitor Advisor Security Cognitive All services
networks Directory groups Center Services
Web
Moabile Free training from Microsoft Seeall
Containers

Databases @

Analytics

Blockchain

Al + machine learning
Internet of things
Mixed reality
Integration

Identity

Security

DevOps

Migrate

Monitor

Core Cloud Services - Azure
architecture and service guarantees

9 units + 45 min

Azure provides a global network of secure
datacenters you can deploy your services
into. Learn about the physical architecture

of Azure, how redundancy is provided,
and what sort of service guarantees

Start[2

Get to know Azure

Quickstart center

Want to create a web app or set up a

©)

Core Cloud Services - Manage
services with the Azure portal

Qunits + 1 hr 13 min

Tour the Azure portal features and
services, and customize the portal.

Start 4

Free offerings

Do vou know with your Azure free

@

Cloud Concepts - Principles of cloud
computing

10 units + 1 hr 2 min
Explore the core concepts of cloud

computing and how it can help your
business.

Start 2

Work with an expert

Azure experts are service provider
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Once you have your Azure account created, you are ready to understand how a software
architect can conduct a team to develop software taking advantage of all of the
opportunities offered by Azure. However, it is important to keep in mind that a software
architect needs to understand something more than specific technologies because,
nowadays, this role is played by people who are expected to define how the software will
be delivered. A software architect not only architects the base of software, but they also
determine how the whole software development and deployment process is conducted.

Software development process models

As a software architect, it is really important for you to understand some of the common
development processes that are currently used in most enterprises. A software
development process defines how people in a team produce and deliver software. In
general, this process is connected with a software engineering theory, called software
development process models. From the time software development was defined as an
engineering process, many process models for developing software have been proposed.
Let's take a look at the ones that are currently common.

Reviewing traditional software development
process models

Some of the models introduced in the software engineering theory are already considered
traditional and quite obsolete. This book does not aim to cover all of them, but here, we will
give a brief explanation of the ones that are still used in some companies.

Understanding the waterfall model principles

This topic may appear strange in a software architecture book of 2019, but yes, you may
still find companies where the most traditional software process model still remains the
guideline for software development. This process executes all fundamental tasks in
sequence. Any software development project consists of the following steps:

¢ Requirements specification

Software design
e Programming

Tests and delivery
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Let's look at a diagrammatic representation of this:

Requirement<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>