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Foreword

"Our industry does not respect tradition i it only respects innovation."
- Satya Nadella

|6ve spent my last three years at Microsoft, running customer feedback programs for
Azure microservice architectures and tooling. | believe this microservices framework is
acrucia spark of innovationinweb development. Inan agile world, we need an agile
framework on the cloud that is working for us, processing individual actors and
services. With this new power, we can deploy a framework that scales, improves
resiliency, greatly reduces latency, increases our control of security, and upgrades the
system without downtime. Microservices becomes the optimal architecture in our new
cloud-based devel opment environment, and it can result in major cost benefits.

Gaurav Aroraa, Lalit Kale, and Manish Kanwar masterfully whisk us away on ajourney
to explore the history of microservices, and they carefully and thoroughly take us on a
tour of the architectural design concepts that accompany the evol ution of microservices,
fromwhen James Lewis first coi ned the termto our current tool s and i mplementati ons.
The book starts at ahighlevel, with detailed diagrams and descriptions that explain the
architectural scenarios and uncovers all the values youd| receive with a microservices
design. At this point, you might ask whether the book is about microservices
architecture or a how-to guide in .NET devel opment. Importantly, the authors transition
us into the practical knowledge of translating our current applications into this bold new
world of microservices. Onthat journey, they do not speed up. In other books, you move
so fast that you simply cannot enjoy the view (or understand what you&re supposed to be
learning). You might just implement the code and pick up afew tactics al ong the way,
mostly copying and coding by autopilot. But the authors teach each concept and step in
the devel opment process with the attention and focus that it deserves.

Personally, | have had the privilege of knowing Gaurav for afew years now. HeG a
Visual Studio and Devel opment MVP (Microsofté& Most Val uable Professional award)
and a key leader inthe Microsoft cloud devel opment community. 16ve worked closely
with himon his powerful contributions on TechNet Wiki. In this book, | see a dedication
and passion from Gaurav, Lalit, and Manish shine through. This book needs to be
written. | amexcited when | find gems like this. The authors thoroughly go through every
detall, every parameter, and every consideration in tackling this wei ghty concept of a
microservices architecture in .NET devel opment. Read this book, skip ahead where
youdre knowledgeabl e about the given information, absorb the authorsdknowledge, and
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share the book with your business contacts. The devel opment community needs to adopt
amicroservices approach, and this book is a powerful advocate on that journey.

Ed Price
Senior Program Manager

Microsoft AzureCAT (Customer Advisory Team), Microservices and Cloud
Devel opment

Co-Author of Learn to Programwith Microsoft Small Basic

www.EBooksWorld.ir



www.EBooksWorld.ir



About the Authors

Gaurav Kumar Aroraa has done M.Phil in computer science. He is a Microsoft MVP,
certified as a scrumtrainer/coach, XEN for ITIL-F, and APMG for PRINCE-F and
PRINCE-P. Gaurav serves as a mentor at IndiaMentor, webmaster of dotnetspider,
contributor to TechNet Wiki, and co-founder of Innatus Curo Software LLC. Inthe 19+
years of his career, he has mentored thousands of students and industry professionals.
You can reach Gaurav via his blog, LinkedIn, and twitter handle (@_arora).

Book writing is not an easy job, asit takes a lot of time. Sometimes, it needs

your personal/family time. So, | want to thank all who motivated me and allowed me
to spend time on this book, time that | was supposed to spend with them. My first
thank you isto my wife, Shuby Arora, for her support in all ways. Then, | would like
to thank my angel, Aarchi Arora (the newest member of our family). Agreat thanks to
my parents whose blessings are always with me; thisis because of them. | would like
to thank the entire Packt team, especially Vikas Tiwari and Denim Pinto for their
overnight support. A great thank you to Ed Price for hisin-depth knowledge and his
suggestions to improve various sections of the book. Finally, | want to say thanks to
both Lalit and Manish for their full support as co-authors and their reply when |
need for the book discussion.

Lalit Kale isatechnical architect and consultant with more than 12 years of industry
experience. Lalit has helped clients achieve tangi bl e business outcomes through the

| mplementation of best practices in software devel opment. He is a practitioner of TDD
and DDD, and a big believer in agile and |ean methodol ogies. He has worked with
several organi zations, from start-ups to large enterprises, in making their systems
successful, be it in-house or mission critical, with clients in the USA, the UK, Germany,
Ireland, and India. His current interests include contai ner technol ogi es and machine
learning usi ng Python. He hol ds a bachel or & degree in engineering (1T).

| would like to take this opportunity to thank my coauthors, Gaurav and Manish, and
the entire Packt team, without whom this book would never have existed. | would also
like to thank Lord Ganesha and my parents. Without their support, | would never have
been creative and woul dnd have pursued my passion with computers. | would like to
pay my respect to my source of inspiration--my beloved grandfather, Raghunath
Savdekar, who passed away during the writing of this book. Grandpa, this book is for
you.

Lastly, 1ad like to acknowl edge the support from my wife, Sonal, and my kid, Aaryan,
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who had to tolerate my demands for endless cups of coffee and peaceful silence
during long writing nights.

Kanwar Manish completed his masters of science in computer applications fromMD
University, India, and is a cofounder of Innatus Curo Software LLC, with a presencein
India. He has been working inthe IT industry across domains for the last 17 years. He
started exploring .NET right fromthe first rel ease and has been glued to it ever since.
His range of experience includes global wealth management (financial service industry,
USA), life insurance (insurance industry, USA), and document management

system (DMS), ECMS, India. Manish does his bit for the community by hel ping young
professional s through the IndiaMentor platform.

| would like to thank my wife, Komal, and my young boys, Aadi and Vleda, who had to
bear my absence while | was still around and for giving me that crucial support. And
a big thanks to the rest of my family for always encouraging me. Gaurav played a
vital rolein giving his valuable input in guiding me. Also, I'd like to acknowledge the
support from Packt's editors.
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architect/.NET consultant. He can be followed on Twitter at @wot Net Aut hor .

Nishith Shukla is a seasoned software architect and has been aleader in devel oping
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Nishith has played a key role in various software products through his extensive
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goals. Outside work, Nishith plays an active role in software community building,
playing Golf, travelling the world, and spending time with his family.
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Customer Feedback

Thanks for purchasing this Packt book. At Packt, quality is at the heart of our editorial
process. To help us improve, please leave us an honest review on this book's Amazon
page at https//www.amazon.com/dp/1785887831. |f you'd like to join our team of regular
reviewers, you Can e-mail Us at cust oner r evi ews @ackt pub. com Ve award our regul ar
reviewers with free eBooks and videos in exchange for their val uabl e feedback. Help
us be relentless in improving our products!
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Preface

Distributed systems are always difficult to get compl ete success with. Lately,
microservices have been getting consi derabl e attention. With Netflix and Spotify,
microservices i mplementati ons have some of the biggest success stories in the industry.
Microservices is quickly gaining popul arity and acceptance with enterprise

architects. On the other hand, there is another camp that thinks microservices as nothing
new or only as a rebranding of SOA.

In any case, microservices architecture has critical advantages, particularly withregard
to empowering the nimble improvement and conveyance of complex venture
applications.

However, thereis no clear practical advice on how to implement microservicesin the
Microsoft ecosystem and especially with taking advantage of Azure and the .NET Core
framework.

This book tries to fill that void. It explores the concepts, challenges, and strengths of
planning, constructing, and operating microservices architectures built with NET Core.
This book discusses all cross-cutting concerns, along with the microservices design. It
al so highlights the more important aspects to consider while building and operating

mi croservices through practical how tos and best practices for security, monitoring, and
scalability.
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W hat this book covers

Chapter 1, What Are Microservices?, makes you familiar with microservices architectural
styles, history, and how it differs fromits predecessors, monolithic architecture and
service-oriented architecture (SOA).

Chapter 2, Building Microservices, gives you an idea of the different factors that can be
used to identify and isolate microservices at a high level, what the characteristics of a
good service are, and how to achieve the vertical isolation of microservices.

Chapter 3, | ntegration Techniques, introduces synchronous and asynchronous
communication, style of collaborations, and the API gateway.

Chapter 4, Testing Strategies, explores how testing microservices is different fromtesting
anormal .NET application. It gets you acquai nted with the testing pyramid.

Chapter 5, Deployment, covers how to deploy microservices and the best practices for it.

It al so takes into account the isol ation factor, whichis the key success factor, along with
setting up continuous i ntegration and continuous delivery to deliver business changes at

arapid pace.

Chapter 6, Security, describes how to secure microservices with OAuth and, also,
contai ner security and best practices in general.

Chapter 7, Monitoring, explains that debugging and monitoring microservicesis not a
trivial problem but a quite challenging one. We have used the word, challenging, on
purpose--there is no silver bullet for this. Thereisno single tool inthe .NET ecosystem
that is, by design, made for microservices; however, Azure monitoring and

troubl eshooting i s the most promising one.

Chapter 8, Scaling, explains that scalability is one of the critical advantages of pursuing
the microservices architectural style. Inthis chapter, we will see scalability by design,
and by infrastructure as well, with respect to the microservices architecture.

Chapter 9, Reactive Microservices, gets you familiar with the concept of reactive
microservices. Youwill learn how you can build reactive microservices with the use of
reactive extensions. The chapter will help you focus on your main task and free you
from the chores of communi cating across services.
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Chapter 10, Creating a Compl ete Microservices Solution, will walk you through all the
concepts of microservices that you have learned so far. Also, we will develop an
application from scratch while putting all our skills to use.
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What you need for this book

All supporting code samples in this book are tested on .NET Core 1.1, using Visual

Studio 2015 update 3 as IDE and SQL Server 2008R2 as database on the Windows
platform.
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Who this book isfor

Thisbook isfor .NET Core devel opers who want to |earn and understand
microservices architecture and implement it intheir .NET Core applications. Ités ideal
for devel opers who are completely new to microservices or just have a theoretical
understanding of this architectural approach and want to gain a practical perspectivein
order to manage application complexity better.
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Conventions

In this book, you will find a number of text styles that di stingui sh between different
kinds of information. Here are some exampl es of these styles and an expl anation of their
meani ng.

Code words in text, database tabl e names, folder names, filenames, file extensions,
pathnames, dummy URLS, user input, and Twitter handles are shown as follows: "Here
we are trying to showcase how our o der modul e gets abstracted."

A block of code is set as follows:

nanespace Fli xOne. BookSt ore. Product Servi ce. Model s

{
public class Category

{
public Quid Id { get; set; }
public string Nane { get; set; }
public string Description { get; set; }
}
}

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

| Instal | - Package System IdentityMdel . Tokens. Jwt

New terms and important words are shownin bold. Words that you see on the screen,
for example, in menus or dial og boxes, appear inthe text like this: "Clicking the Next
button moves you to the next screen.”

0 Warnings or important notes appear in a box like this.

8 Tips and tricks appear like this.
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Reader feedback

Feedback from our readers is always welcome. Let us know what you think about this
book-what you liked or disliked. Reader feedback is important for us asit helps us
develop titles that you will really get the most out of.

To send us general feedback, simply e-mail t eedback@ackt pub. com @nd mention the book's
title in the subject of your message.

If there is atopic that you have expertise in and you are interested in either writing or
contributing to a book, see our author guide at www.packtpub.convauthors.
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Customer support

Now that you are the proud owner of a Packt book, we have a number of things to help
you to get the most from your purchase.
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Downloading the example code

You can download the exampl e code files for this book from your account at http://www.pac
ktpub.com. 1T you purchased this book el sewhere, you can visit http://www.packtpub.comvsupport
and register to have the files e-mailed directly to you.

You can download the code files by foll owing these steps:

Log inor register to our website using your e-mail address and password.
Hover the mouse pointer on the SUPPORT tab at the top.

Click on Code Downloads & Errata.

Enter the name of the book in the Search box.

Sel ect the book for which you're looking to download the code files.
Choose from the drop-down menu where you purchased this book from.
Click on Code Downl oad.

NoogkrwbdpE

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

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

The code bundle for the book is al so hosted on GitHub at httpsy/github.convPacktPublishing/Buildii
ng-Microservices-with-DotNET-Core. WWe @l so have other code bundles from our rich catal og of
books and videos avail abl e at httpsy/github.convPacktPublishing/. Check them out!
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Errata

Although we have taken every care to ensure the accuracy of our content, mistakes do
happen. If you find a mistake in one of our books-maybe a mistake in the text or the
code-we would be grateful if you could report this to us. By doing so, you can save
other readers from frustration and help us improve subsequent versions of this book. If
you find any errata, please report them by visiting http://www. packtpub.comvsubmit-errata,
selecting your book, clicking on the Errata Submission Formlink, and entering the
details of your errata. Once your errata are verified, your suomissionwill be accepted
and the errata will be uploaded to our website or added to any list of existing errata
under the Errata section of thet title.

To view the previously submitted errata, go to https/Avww.packtpub.comvbooks/content/support and

enter the name of the book in the search field. The required information will appear
under the Errata section.
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Piracy

Piracy of copyrighted material on the Internet is an ongoing problem across all media.
At Packt, we take the protection of our copyright and licenses very seriously. If you
come across any illegal copies of our works in any form on the Internet, please provide
us with the | ocation address or website name immediately so that we can pursue a
remedy.

Please contact us at copyri ght @ackt pub. comWith alink to the suspected pirated material.

We appreciate your help in protecting our authors and our ability to bring you val uable
content.
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Questions

If you have a problem with any aspect of this book, you can contact us
at quest i ons@ackt pub. com, and we will do our best to address the prObI em.
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What Are Microservices?

The focus of this chapter is to get you acquai nted with microservices. We will start with
abrief introduction. Then, we will define its predecessors: monolithic architecture and
service-oriented architecture (SOA). After this, we will see how microservices fare
agai nst both SOA and the monolithic architecture. We will then compare the advantages
and disadvantages of each one of these architectural styles. Thiswill enable usto
identify the right scenario for these styles. We will understand the problems that arise
from having alayered monolithic architecture. We will discuss the sol utions available
to these problems in the monolithic world. At the end, we will be able to break down
amonolithic application into a mcroservice architecture. We will cover the following
topics inthis chapter:

Origin of microservices

Discussing microservices

Understanding the microservice architecture

Advantages of microservices

SOA versus microservices

Understanding problems with the monolithic architectural style
Challenges in standardizing the .NET stack
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Origin of microservices

The term microservices was used for the first time in mid-2011 at a workshop of
software architects. In March 2012, James Lewis presented some of his ideas about
microservices. By the end of 2013, various groups fromthe IT industry started

having di scussions on microservices, and by 2014, it had become popul ar enough to be
considered a serious contender for large enterprises.

Thereis no official introduction available for microservices. The understanding of the
termis purely based on the use cases and discussions held in the past. We will discuss
thisindetail, but before that, let's check out the definition of microservices as per
Wikipedia (https:/en.wikipedia.org/wiki/Microservices), Which sums it up as:

Microservicesis a specialization of and implementation approach for SOA used to
build flexible, independently depl oyabl e software systens.

In 2014, James Lewis and Martin Fowler came together and provided a few real-world
examples and presented microservices (refer to hitps/martinfowler.com/microservices') in their
ownwords and further detailed it as follows:

The microservice architectural styleis an approach to developing a single
application as a suite of small services, each running in its own process and

communi cating with lightweight mechanisms, often an HTTP resource API. These
services are built around business capabilities and independently deployable by fully
automated deployment machinery. There is a bare minimum of centralized
management of these services, which may be written in different programming
|anguages and use different data storage technol ogies.

It is very important that you see all the attributes James and Martin defined here. They
defined it as an architectural style that devel opers could utilize to develop asingle
application with the business | ogi ¢ spread across a bunch of small services, each having
their own persistent storage functionality. Also, note its attributes: it can be
independently deployable, canruninits own process, is alightwel ght communi cation
mechanism, and can be written in different programming languages.

We want to emphasi ze this specific definition since it is the crux of the whole concept.
And as we move along, it will come together by the time we finish this book.
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Discussing microservices

Until now, we have gone through a few definitions of microservices; now, |et's discuss
microservicesin detail.

In short, a microservice architecture removes most of the drawbacks of SOA
architectures. It is more code-oriented (we will discussthisindetail inthe coming
sections) than SOA services.

Slicing your applicationinto a number of servicesis neither SOA nor microservices.
However, combining service design and best practi ces from the SOA world along with
afew emerging practices, such as isolated depl oyment, semarntic versioning, providing
lightwei ght services, and service discovery in polyglot programming, iS microservices.
We implement microservices to satisfy busi ness features and i mplement them with
reduced time to market and greater flexibility.

Before we move on to understand the architecture, |et's discuss the two i mportant
architectures that have led to its existence:

e The monolithic architecture style
o SOA

Most of us would be aware of the scenario where during the life cycle of an enterprise
application devel opment, a suitable architectural style is decided. Then, at various
stages, the initial patternis further improved and adapted with changes that cater to
various challenges, such as deployment compl exity, large code base, and scal ability
issues. Thisis exactly how the monolithic architecture style evolved into SOA, further
|eading up to microservices.
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Monolithic architecture

The monolithic architectural styleisatraditional architecture type and has been widely
used inthe industry. The term monolithic is not new and is borrowed from the Unix
world. In Unix, most of the commands exist as a standal one program whose functionality
IS not dependent on any other program. As seenin the succeeding image, we can have
different components in the application such as:

e User interface: Thishandles all of the user interaction while responding with
HTML or JSON or any other preferred data i nterchange format (in the case of web
Services).

e Businesslogic: All the business rules applied to the input being received inthe
form of user input, events, and database exist here.

e Database access: This houses the compl ete functionality for accessing the
database for the purpose of querying and persisting objects. A widely accepted
ruleisthatitis utilized through busi ness modul es and never directly through user-
facing components.

Software built using this architecture is self-contained. We canimagine asingle .NET
assembly that contai ns various components, as described in the following image:

User interface Database

A

v
Module - direct sale
A A

Il

v v
Module - inventory

As the software is self-contained here, its components are i nterconnected and

i nterdependent. Even a simple code change in one of the modul es may break a major
functionality in other modules. Thiswould result in a scenario where we'd need to test
the whol e application. With the business depending critically onits enterprise
application frameworks, this amount of time could prove to be very critical.

Having all the components tightly coupled poses another challenge: whenever we
execute or compile such software, all the components should be available or the build
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will fail; refer to the preceding image that represents a monolithic architectureandis a
self-contained or asingle .NET assembly project. However, monolithic architectures
might al so have multiple assemblies. This means that even though a busi ness |ayer
(assembly, data access layer assembly, and so on) is separated, at runtime, all of them
will come together and run as one process.

A user interface depends on other components' direct sale and inventory in a manner
similar to all other components that depend upon each other. In this scenario, we will
not be abl e to execute this project in the absence of any one of these components. The
process of upgrading any one of these components will be more complex as we may
have to consider other components that require code changes too. Thisresultsin more
devel opment time than required for the actual change.

Deploying such an application will become another challenge. During depl oyment, we
will have to make sure that each and every component is deployed properly; otherwise,
we may end up facing alot of issuesin our production environments.

If we devel op an application using the monolithic architecture style, as discussed
previously, we might face the following chall enges:

e Large code base: Thisis ascenario where the code lines outnumber the comments
by a great margin. As components are i nterconnected, we will have to bear with a
repetitive code base.

e Too many business modules: Thisisinregard to modules within the same system.

e Code base complexity: Thisresultsinahigher chance of code breaking due to
the fix required in other modules or services.

e Complex code deployment: You may come across minor changes that would
require whol e system depl oyment.

e One module failure affecting the whole system: Thisisinregard to modul es that

depend on each other.

Scalabhility: Thisisrequired for the entire system and not just the modulesinit.

Intermodule dependency: Thisis due to tight coupling.

Spiraling development time: Thisis due to code complexity and i nterdependency.

Inability to easily adapt to a new technology: Inthis case, the entire system

would need to be upgraded.

As discussed earlier, if we want to reduce devel opment time, ease of deployment, and
| mprove mai ntai nability of software for enterprise applications, we should avoid
the traditional or monolithic architecture.
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Service-oriented architecture

In the previous section, we discussed the monolithic architecture and its limitations. We
also discussed why it does not fit into our enterprise application requirements. To
overcome these issues, we should go with some modular approach where we can
separate the components such that they should come out of the self-contained or single
NET assembly.

The main difference between SOA & monolithic is not one or multiple
assembly. But asthe service in SOA runs as separ ate process, SOA
scales better compared to monolithic.

Let's discuss the modular architecture, thet is, SOA. Thisis afamous architectural style
using which the enterprise applications are designed with a collection of services asits
base. These services may be RESTful or ASMX Web services. To understand SOA in
more detail, let's discuss service first.
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What Is service?

Service, inthis case, is an essential concept of SOA. It can be a piece of code, program,
or software that provides some functionality to other system components. This piece of
code can interact directly with the database or indirectly through another service.
Furthermore, it can be consumed by clients directly, where the client may either be a
website, desktop app, mobile app, or any other device app. Refer to the following
diagram:

Desktop

%]
@
2
I}
®
3
2
E
Service back

Service refers to a type of functionality exposed for consumption by other systems
(generally referred to as clients/client applications). As mentioned earlier, it can be
represented by a piece of code, program, or software. Such services are exposed over
the HT TP transport protocol as a general practice. However, the HTTP protocol is not a
limiting factor, and a protocol can be picked as deemed fit for the scenario.

Inthe following image, Service i direct selling is directly interacting with

Database, and three different clients, namely Web, Desktop, and Mobile, are

consumi ng the service. On the other hand, we have clients consuming Service T partner
selling, whichisinteracting with Service i channel partners for database access.

A product selling service is a set of services that interacts with client applications and
provides database access directly or through another service, inthis case, Service i
Channel partner. Inthe case of Service i direct selling, showninthe preceding
example, it is providing some functionality to a Web Store, a desktop application, and a
mobile application. This service is further interacting with the database for various
tasks, namely fetching data, persisting data, and so on.
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Normally, services interact with other systems via some communi cation channel,
generally the HTTP protocol. These services may or may not be depl oyed on the same
or single servers.

Service - direct selling Service - partner selling

Service - channel partners

=] = = = = =
= = s = =) =
= = ] = = =
Server 1 Server 2 Server 3 Server 4 Server 5 Server 6
Load balancer

Clients

Web Desktop Mobile

In the preceding image, we have projected an SOA exampl e scenario. There are many
fine points to note here, so let's get started. Firstly, our services can be spread across
different physical machines. Here, Service-direct selling is hosted on two separate
machines. It is a possible scenario that instead of the entire business functionality, only a
part of it will reside on Server 1 and the remaining on Server 2. Smilarly, Service i
partner selling appears to be having the same arrangement on Server 3 and Server 4.
However, it doesn't stop Service i channel partners being hosted as a compl ete set on
both the servers: Server 5 and Server 6.

A system that uses a service or multiple services in afashion mentioned in the preceding
figureis called an SOA. We will discuss SOA indetail in the following sections.

Let's recall the monolithic architecture. Inthis case, we did not use it because it restricts
code reusahility; it is a self-contai ned assembly, and all the components are

i nterconnected and i nterdependent. For deployment, inthis case, we will have to deploy
our compl ete project after we select the SOA (refer to preceding image and subsequent
discussion). Now, because of the use of this architectural style, we have the benefit of
code reusability and easy deployment. Let's examine this in the wake of the preceding

figure:
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. Reusability: Multiple clients can consume the service. The service can also be
simultaneously consumed by other services. For example, OrderServiceis
consumed by web and mobile clients. Now, Order Service can also be used by the
Reporting Dashboard UI.

. Stateless: Services do not persist any state between requests fromthe client, that
IS, the service doesn't know, nor care, that the subsequent request has come from
the client that has/hasn't made the previous request.

. Contract-based: Interfaces make it technol ogy-agnostic on both sides of

| mpl ementati on and consumption. It al so serves to make it immune to the code
updates in the underlying functionality.

. Scalabhility: A system can be scaled up; SOA can be individually clustered with
appropriate load balancing.

. Upgradation: Itisvery easy to roll out new functionalities or introduce new
versions of the existing functionality. The system doesn't stop you from keeping
multiple versions of the same business functionality.
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Under standing the microservice
architecture

The microservice architecture is away to devel op a single application containing a set
of smaller services. These services are independent of each other and runintheir own
processes. Animportant advantage of these services is that they can be devel oped and
deployed independently. In other words, we can say that microservices are away to
segregate our services so they can be handled compl etely independent of each other in
the context of design, devel opment, depl oyment, and upgrades.

In a monolithic application, we have a self-contai ned assembly of user interface, direct
sale, and inventory. In the microservice architecture, the services part of the application
changes to the foll owing depiction:

Here, busi ness components have been segregated into individual services. These

i ndependent services now are the smaller units that existed earlier within the self-
contai ned assembly, in the monolithic architecture. Both direct sales and

inventory services are independent of each other, with the dotted lines depicting their
exi stence in the same ecosystem yet not bound within a single scope. Refer to the
following diagram:

interface

Service

I i@} inventory
Service

i direct sales

User

From the preceding image, it's clear that our user interface can interact with any of the
services. Thereisno need to intervene in any service whena Ul calls aservice. Both
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the services are independent of each other, without bei ng aware of when the other one
would be called by the user interface. Both services are liable for their own operations
and not for any other part in the whole system. Although much closer to the microservice
architecture, the preceding visualization is not entirely a compl ete visuali zation of the

intended microservice architecture.
In the microservice architecture, services are small, independent units
8 with their own persistent stores.

Now let's bring this final change so that each service will have its own database
persisting the necessary data:

User
interface

Service Service
direct sales 5@3 inventory

Sales DB

Inventory DB

lllis
i3

Here, User interface is interacting with those services that have their own independent
storage. Inthis case, when a user interface calls a service for direct sales, the business
flow for direct salesis executed independently of any data or |ogic contained within the
inventory service.

The solution that the use of microservices provides has alot of likely benefits, as
discussed next:

e Smaller codebase: Each service is small, therefore, easier to devel op and deploy
asaunit

e Ease of independent environment: With the separation of services, all
devel opers work independently, depl oy independently, and no one is bothered
about any modul e dependency
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With the adopti on of the microservice architecture, monolithic applications are now
harnessi ng the associ ated benefits, as it can now be scaled easily and deployed using a
service independently.
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M essaging in microservices

It is very important to carefully consider the choice of the messaging mechanismwhen
dealing with the microservice architecture. If this one aspect isignored, thenit can
compromi se the entire purpose of designing using the microservice architecture. In
monolithic applications, this is not a concern as the busi ness functional ity of the
components gets invoked through function calls. On the other hand, this happensviaa
loosely coupled web service level messaging feature, where services are primarily
based on SOAP. Inthe case of the microservice messaging mechanism, it should be
simple and lightweight.

There are no set rules for making a choice between various frameworks or protocol s for
amicroservice architecture. However, there are afew points worth consi deration here.
Firstly, it should be simple enough to i mplement, without adding any complexity to your
system. Secondly, it should be lightwei ght enough, keeping in mind the fact that the
microservice architecture could heavily rely on interservice messaging. Let's move
ahead and consider our choices for both synchronous and asynchronous messaging along
with the different messaging formats.
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Synchronous messaging

When a timely response is expected from a service by a system and the systemwaits on
ittill aresponseis received fromthe service, it is synchronous messaging. What's leftis
the most sought-after choice inthe case of microservices. It is simple and supports
HTTP request-response, thereby leaving little roomto look for an alternative. Thisis
also one of the reasons that most i mplementati ons of microservices use HTTP (API-

based styles).
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Asynchronous messaging

When a systemis not i mmedi atel y expecting a timely response from the service and the
System can conti nue processi ng without blocking on that call, it is asynchronous
messagi ng.

Let's incorporate this messaging concept into our application and see how it would
change and look:

User
interface

4 A

(REST API ) ( RESTAPI |
Service Service
{@} direct sales g@g inventory

Sales DB

Inventory DB

iy
g
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M essage for mats

Over the past many years, working with MVC and the like has got me hooked on the
JSON format. You could also consider XML. Both the formats would do fine on HTTP
with the API style resource. There are easily available binary message formats in case
you need to use one. We are not recommending any formeat; you can go ahead with any of

the sel ected message formats.
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Why should we use microservices?

Tremendous patterns and architectures have been explored with some gaining

popul arity; there are others, though, which are | osing the battle of Internet traffic. With
each sol ution having its own advantages and di sadvantages, it has become increasingly
Important for companies to quickly respond to fundamental demands, such as scal ability,
hi gh performance, and easy deployment. Any single aspect failing to be not fulfilled ina
cost-effective manner could easily impact | arge businesses negatively, making a likely
difference between a profitable and non-profitabl e venture.

Thisiswhere we see microservices coming to the rescue of enterprise system
architects. They can ensure their designs against problems quoted previously, with the
hel p of this architectural style. It is also important to consider the fact that this objective
IS met in a cost-effective manner while respecting the factor of time involved.
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How does the microservice architecture
wor k?

Until now, we have discussed various things about the microservice architecture, and
we can now depict how the microservice architecture works; we can use any

combi nation as per our design approach or bet to a patternthat would fitinit. Here are
afew points that favor the working of the microservice architecture:

It's programming of the modern era, where we are expected to follow all SOLID
principles. It's object-oriented programming (OOP).

It is the best way is to expose the functionality to other or external componentsina
way so that any other programming language will be able to use the functionality
without adhering to any specific user interfaces, that it, services (web services,
APIs, rest services, and so on).

The whole systemworks as per atype of collaboration that is not i nterconnected or
| nterdependent.

Every component is liable for its own responsibilities. In other words, components
are responsible for only one functionality.

It segregates code with a separation concept, and segregated code is reusabl e.
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Advantages of microservices

Now let's try to quickly understand where microservices takes a leap ahead of the SOA
and monolithic architectures:

Cost effective to scale: You don't need to invest alot to make the entire
application scalable. Interms of a Shopping cart, we could simply |oad bal ance
the product search modul e and the order-processing module while leaving out |ess
frequently used operation services, such as inventory management, order
cancellation, and delivery confirmation.

Clear code boundaries. This action should match an organi zation's departmental
hierarchies. With different departments sponsoring product devel opment inlarge
enterprises, this can be a huge advantage.

Easier code changes. The codeis doneinaway that it is not dependent on the
code of other modules and is only achieving isol ated functionality. If it were done
right, then the chances of a change in a microservice affecting another microservice
arevery mnimal.

Easy deployment: Since the entire applicationis more like a group of ecosystems
that are i sol ated from each other, deployment could be done one microservice at a
time, if required. Failure in any one of these would not bring the entire system
down.

Technology adaptation: You could port a single microservice or awhole bunch of
them overnight to a different technol ogy without your users even knowing abott it.
And yes, hopefully, you don't expect us to tell you that you need to mai ntai n those
service contracts, though.

Distributed system: This comes implied, but aword of cautionis necessary here.
Make sure that your asynchronous calls are used well and synchronous ones are not
really blocking the whole flow of information. Use data partitioning well. We will
come to thislittle later, so don't worry for now.

Quick market response: The world being competitive is a definite advantage, as
otherwise, users tend to quickly lose interest if you are slow to respond to new
feature requests or adoption of a new technol ogy within your system.
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SOA ver sus microservices

You'll get confused between microservices and SOA if you don't have a complete
understanding of both. On the surface of it, microservices' features and advantages
sound almost like a slender version of SOA, with many experts suggesting that there is,
in fact, no need for an additional term, such as microservices, and that SOA can fulfill
all the attributes laid out by microservices. However, thisis not the case. Thereis
enough difference to isol ate them miles apart technologically.

The underlying communi cation system of SOA inherently suffers from the following
problems:

e The communication system of SOA inherently suffers from the fact that a system
developed in SOA depends upon its components, which are interacting with each
other. So no matter how hard you try, it is eventually going to face a bottleneck in
the message queue.

e Another focal point of SOA isimperative monogramming. With this, we lose the
path to make a unit of code reusabl e with respect to OOP.

We all know how organi zations spend more and more oninfrastructure. The bigger the
enterpriseis, the more the complex is the question of ownership of the application being
devel oped. With anincreasing number of stakeholders, it becomes impossible to
accommodate all of their ever-changing business needs. Thisiswhere microservices
clearly stands apart. Although cloud devel opment is not in the current scope of our
discussion, it won't harm us to say that the scal ability, modul arity, and adaptability of
the microservice architecture can be easily extended further with the use of cloud
platforms. Time for a change.
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Prerequisites of the microservice
architecture

It is important to understand the resulting ecosystem from the microservice architecture
I mpl ementation. The impact of microservicesis not just preoperational in nature. So
profound will the changes in any organi zati on opting for the microservice architecture
be that if they are not well prepared to handle it, it won't be long before advantages turn
into di sadvantages.

After the adoption of the microservice architecture is agreed upon, it would be wise to
have the foll owing prerequisites in place:

e Deployment and QA: Requirements would become more demanding, with a
guicker turnaround from devel opment requirements. It would require you to deploy
and test as quickly as possible. If itisjust asmall number of services, thenit
would not be a problem. However, if the number of servicesis going up, it could
very quickly challenge the existing infrastructure and practices. For example, your
QA and staging environment may no longer suffice to test the number of builds that
would come back from the devel opment team.

e A collaboration platform for development and operations team: Asthe
application goes to the public domain, it won't be long before the age-old script of
Dev versus QA is played out again. The difference this time would be that the
business will be at stake. So, you need to be prepared to quickly respond in an
automated manner to identify the root cause when required.

e A monitoring framework: With the increasing number of microservices, you
would quickly need away to monitor the functioning and heal th of the entire system
for any possi bl e bottl enecks or issues. Without any means of monitoring the status
of the depl oyed microservices and the resultant business function, it would be
Impossible for any team to take a proactive depl oyment approach.
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Under standing problemswith the
monolithic architecture style

Inthis section, we will discuss all the problems with the monolithic .NET-stack-based
application. In a monolithic application, the core problemisthis: scaling monolithicis
difficult. The resultant application ends up having a very large code base and poses
challenges in regard to mai ntai nability, deployment, and modifications.
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Challengesin standardizing a
NET stack

In monolithic application technol ogy, stack dependency stops the introducti on of the
| atest technol ogi es from the outside world. The present stack poses challenges as aweb
service itself suffers from some challenges:

Security: Thereis no way to identify the user via webservices (no clear consensus
on a strong authenti cati on scheme). Just imagi ne a banking application sending
unencrypted data contai ning user credential s without encryption. All airports,
cafes, and public places offering free Wi-Fi could easily become victims of
increased identity theft and other cybercrimes.

Response time: Though the web services themsel ves provide some flexibility in
the overall architecture, it quickly diminishes due to the high processing time taken
by the service itself. So, there is nothing wrong with the web service inthis
scenario. It isafact that a monolithic application invol ves huge code; complex
logic makes the response time of a web service high, and therefore, unacceptabl e.
Throughput rate: Thisis onthe higher side, and as a result, hampers subsequent
operations. A checkout operationrelying onacall to the inventory web service that
has to search for afew millionrecords is not a bad idea. However, when the same
inventory service feeds the main product searching/browsing for the entire portal,
it could result inaloss of business. One service call failure out of ten callswould
mean a 10 percent lower conversion rate for the business.

Frequent downtime: As the web services are part of the whole monolith
ecosystem, they are bound to be down and unavailable each time thereis an
upgrade or an application failure. This means that the presence of any B2B
dependency from the outside world on the application's web services would
further complicate decision-making, thereby seeking downtime. This absol utel y
makes the smaller upgrades of the system ook expensive; thus, it further increases
the backl og of the pending system upgrades.

Technology adoption: In order to adopt or upgrade a technol ogy stack, it would
require the whol e application to be upgraded, tested, and depl oyed, since modul es
are interdependent and the entire code base of the project is affected. Consider the
payment gateway modul e using a component that requires a compliance-rel ated
framework upgrade. The devel opment team has no option but to upgrade the
framework itself and carefully go through the entire code base to identify any code
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breaks preemptively. Of course, this would still not rule out a production crash, but
this can easily make even the best of the architects and managers sweat and lose
some sleep.

Availability is a percentage of time during which a service is operating.

0 Response time is the time a service responds.

Throughput is the rate of processing requests.
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Fault tolerance

Monolithic applications have high modul e i nterdependency as they are tightly coupled.
The different modules utilize functionality in such an intramodul e manner that even a
single modul e failure brings the system down due to the cascading effect, whichis very
similar to dominoes falling. We all know that a user not getting results for a product
searchwould be far |ess severe than the entire system coming down to its knees.

Decoupling using web services has been traditionally attempted at the architecture
level. For database-level strategies, ACID has beenrelied upon for alongtime. Let's
exami ne both these points further.

e Web services:. Inthe current monolithic application, customer experience is
degraded due to this very reason. Even as a customer tries to place an order,
reasons such as high response time of web services or WCF or even a complete
failure of the services itself resultsin afailure to place the order successfully. Not
evenasingle failure is acceptabl e as the users tend to remember their last
experience and assume a possible repeat. Not only is thisloss of possible sales,
but also loss of future business prospects. Web services' failures can cause a
cascading failure in the systems that rely on them.

e ACID: ACID isthe acronym for atomicity, consistency, isolation, and durability;
It's an important concept in databases. Itisin place, but whether it's a boon or bane
IS to be judged by the sumtotal of the combined performance. It takes care of
failures at the database level, and there is no doubt that it does provide some
| nsurance agai nst the database errors that creep in. But at the same time, every
ACID operation hampers/del ays operations by other components/modules. The
point at which it brings the systemwhere it causes more harm than benefit needsto
be judged very carefully.
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Scaling

Factors such as availability of different means of communication, easy access to
informati on, and open world markets are resulting in busi nesses growing rapidly and
diversifying at the same time. With this rapid growth of business, thereis an ever-
increasing need to accommodate an increasing client base. Scaling is one of the biggest
challenges that any business faces while trying to cater for anincreased user base.

Scalability is nothing but the capability of a systenyprogramto handle the growth of
work better. In other words, scalability is the ability of a systenyprogramto scale.

Before starting the next section, let's discuss and understand scaling in detail, asthis
will be anintegral part of our exercise as we work on transitioning from monolithic to
M Croservices.

Scalahility of asystemisits capability to handle anincreasing/increased |oad of work.
There are two main strategies or types of scalability in which we can scale our
application.
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Vertical scaling or scale up

Invertical scaling, we analyze our existing application to find out the parts of modules
that cause the application to slow down due to higher execution time. Making the code
more efficient could be one strategy so that |ess memory is consumed. This exercise of
reduci ng memory consumption could be for a specific modul e or the whol e application.
On the other hand, due to obvious challenges involved inthis strategy, instead of
changing the application, we could add more resources to our existing I'T infrastructure,
such as upgrading the RAM or adding more disk drives and so on. Both these paths in
vertical scaling have alimit for the extent to which they could be beneficial. After a
specific point intime, the resulting benefit will plateau out. It isimportant here to keep
in mind that this kind of scaling requires downtime.
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Horizontal scaling or scale out

In horizontal scaling, we dig deep into modul es that show a higher impact on the overall
performance for factors such as high concurrency; so thiswill enable our application to
serve our increased user base, whichis now reaching the million mark. e also

I mplement | oad bal ancing to process a greater amount of work. The option of adding
more servers to the cluster does not require downtime, which is a definite advantage. It
differs from case to case and it needs to be seen whether all the additional cost of
power, licenses, and cooling is worthwhile and up to what point.

0 Scaling will be covered in detail in chapter 8, Scaling.
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Deployment challenges

The current application al so has deployment challenges. It is designed as a monolithic
application, and any change in the order module would require the entire application to
be deployed again. Thisis time-consuming and the whole cycle will have to be repeated
with every change. This means this could be a frequent cycle. Scaling could only be a
distant dreamin such a scenario.

As discussed in scaling about current application having deployment chal lenges which
requires us to deploy the entire assembly. The modul es are interdependent, and itisa
single assembly application of .NET. The deployment of the entire applicationin one go
also makes it mandatory to test the entire functional ity of our application. The impact of
such an exercise would be huge:

e High-risk deployment: Deploying an entire sol ution or applicationin one go
poses a highrisk as all modul es are going to be deployed even for a single change
in one of the modules.

e Higher testing time: Aswe have to deploy the compl ete application, we will
have to test the functionality of the entire application. We can't go live without
testing. Due to higher interdependency, the change might cause a problemin some
other module.

e Unplanned downtime: Compl ete production depl oyment needs code to be fully
tested and hence we need to schedul e our production deployment. Thisisatime-
consuming task that results in high downtime. Although planned downtime, during
this time, both business and customers will be affected due to the unavailability of
the system; this could cause revenue | oss to the busi ness.

e Production bugs. A bug-free deployment would be the dream of any project
manager. However, thisis far fromreality and every teamdreads this very
possibility. Monolithic applications are no different fromthis scenario and
productions bugs' resolutionis easier said than done. The situation can only
become more complex with some previous bug getting unresol ved.
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Organizational alignment

In a monolithic application, having alarge code base is not the only challenge that you'll
face. Having alarge team to handl e such a code base is one more problem that will
affect the growth of the business and application.

e Same goal: Inateam, all the team members have the same goal, whichistimely
and bug-free delivery at the end of each day. However, having alarge code base
and current, the monolithic architectural style will not be a comfortabl e feeling for
the team members. With team members being interdependent due to the
i nterdependent code and associ ated deliverabl es, the same effect that is
experienced inthe code is present in the devel opment team as well. Here everyone
Isjust scrambling and struggling to get the job done. The question of hel ping each
other out or trying something new does not arise. In short, the teamis not a self-
organi zing team anyway.

Roy Osherove defined three stages of a teamin his book, Teaml eader :
0 Survival phase: Notimetolearn
Learning phase: Learning to solve your own problems

Self-organizing phase: Facilitate, experiment

o Adifferent perspective: The development team takes too much time for
deliverables due to reasons such as feature enhancement, bug fixes, or module
i nterdependency stopping easy devel opment. The QA teamis dependent upon the
devel opment team and the dev team has its own problems. The QA teamis stuck
once devel opers start working on bugs, fixes, or feature enhancements. Thereis no
separate environment or build available for QA to proceed withtheir testing. This
delay hampers overall delivery, and customers or end users would not get the new
features or fixes ontime.
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Modularity

In respect to our monolithic application, where we may have an Order module, a change
in the modul e Order s affects the module Stock and so on. It is the absence of modul arity
that has resulted in such a condition.

This al'so means that we can't reuse the functionality of a modul e within another modul e.
The code is not decomposed into structured pieces, which could be reused to save time
and effort. There is no segregati on within the code modul es, and hence, no common
codeisavailable.

Business is growing and its customers are growing by leaps and bounds. New or
existing customers from different regions have different preferences when it comes to
the use of the application. Some like to visit the website, but others prefer to use mobile
apps. The systemis structured in away that we can't share the components across a
website and a mobile app. This makes introducing a mobile/device app for the business
achallenging task. Business is affected, as in such scenarios, the company |oses out on
customers who prefer mobile apps.

The difficulty in replacing the component's application using some third-party libraries;
external system, such as payment gateways, and an external order-tracking system. Itisa
tedious job to replace the old components in the currently styled monolithic

architectural application. For example, if we consider upgrading the library of our
modul e that is consuming an external order-tracking system, then the whol e change
would prove to be very difficult. Also, it would be anintricate task to replace our
payment gateway with another one.

In any of the preceding scenarios, whenever we upgraded the components, we upgraded
everything within the application, which called for a compl ete testing of the system and
required alot of downtime. Apart fromthis, the upgrade would possibly result inthe
form of production bugs, which would require you to repeat the whol e cycle of

devel opment, testing, and depl oyment.
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Big database

Our current application has a mammoth database contai ning a single schema with plenty
of indexes. This structure poses a challenging job when it comes down to fine-tuning the
performance:

e Single schema: All the entities in the database are clubbed under a single schema
named dbo. This again hampers business due to the confusion with the single
schema regarding various tabl es that bel ong to different modul es; for example,
Customer and Supplier tables belong to the same schema, that is, dbo.

e Numerous stored procedures. Currently, the database has a large number of
stored procedures, which also contain a sizeabl e chunk of the business logic. Some
of the cal cul ations are being performed within the stored procedures. As aresult,
these stored procedures prove to be a baffling task to tend to when the time comes
to optimize them or break them down into smaller units.

Whenever deployment is planned, the teamwill have to ook closely at every database
change. This againis a time-consuming exercise and many times would turn out to be
even more complex than the build and depl oyment exercise itself.
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Prerequisites for microservices

To understand better, |et's take up an imaginary example of Flix One Inc. With this
example as our base, let's discuss all the concepts in detail and see what it looks like to
be ready for microservices.

FlixOne is an e-commerce player (selling books) that is spread all over India. They are
growing at avery fast pace and diversifying their business at the same time. They have
built their existing systemonthe .NET framework, and itis atraditional three-tier
architecture. They have a massive database that is central to this system, and there are
peripheral applicationsintheir ecosystem. One such applicationis for their sales and
logistics team, and it happens to be an Android app. These applications connect to their
centralized data center and face performance issues. FlixOne has an in-house

devel opment team supported by external consultants. Refer to the following figure:

User interface

Business logic - Modules

Persistence layer - Modules

Database layer - Modules

Database

[l

The preceding image depicts a broader sense of our current application, whichisa
single .NET assembly application. Here we have the user interfaces we use for search,
order, products, tracking order, and checkout. Now check out the following diagram:
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User interface
(ASPNET MVC5)

Business logic - Shopping cart Database
(C#)

Database layer
(Entity framework)

»
»

A

L

(SQL server 2008R2)

The preceding image depicts our Shopping cart module only. The applicationis built
with C#, MVC5, and Entity Framework, and it has a single project application. This
imageisjust apictorial overview of the architecture of our application. This
application is web-based and can be accessed from any browser. Initially, any request
that uses the HT TP protocol will land on the user interface that is devel oped using
MVCS5 and JQuery. For cart activities, the Ul interacts with the Shopping cart module,
whichis nothing but a business |ogic layer that further tal ks with the database |ayer
(writtenin C#); datais persisted within the database (SQL Server 2008R2).
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Functional overview of the application

Here we are going to understand the functional overview of the FlixOne bookstore
application. Thisis only for the purpose of visualizing our application. The followingis
the simplified functional overview of the application until Shopping cart:

(Home page) [ (Perform search) —» (Add tocart) —» (Verify items) (Checkout)

In the current application, the customer lands on the home page, where they see
featured/highlighted books. They have the option to search for abook itemif they do not
get their favorite one. After getting the desired result, the customer can choose book
items and add themto their shopping cart. Customers can verify the book items before
the final checkout. As soon as the customer decides to check out, the existing cart system
redirects themto an external payment gateway for the specified amount you need to pay
for the book items in the shopping cart.

As discussed previously, our applicationis amonolithic application; it is structured to
be developed and deployed as a single unit. This application has a large code base that
isstill growing. Small updates need to depl oy the whol e application at once.
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Solutions for current challenges

Business is growing rapidly, so we decide to open our e-commerce website in 20 more
cities; however, we are still facing challenges with the existing application and
struggling to serve the existing user base properly. Inthis case, before we start the
transition, we should make our monolithic application ready for its transitionto

mi Croservices.

Inthe very first approach, the Shopping cart module will be segregated into smaller
modul es, then you'll be able to make these modul es interact with each other aswell as
external or third-party software:

User interface

Shopping cart Shopping cart &@

(Business module 1) (Business module 1)
Database layer <—>y

This proposed solution is not sufficient for our existing application, though developers
would be able to divide the code and reuse it. However, the internal processing of the
business logic will remain the same without any change in the way it would interact
with the Ul or the database. The new code will interact with the Ul and the database
layer with the database still remaining as the same old single database. With our
database remai ning undivided and as tightly coupl ed layers, the problems of having to
update and depl oy the whole code base will still remain. So this solution is not suitable
for resolving our problem.
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Handling deployment problems

In the preceding section, we discussed the depl oyment challenges we will face with

the current .NET monolithic application. Inthis section, let's take alook at how we can
overcome these chall enges by making or adapting a few practices within the same .NET
stack.

With our .NET monolithic application, our deployment is made up of xcopy
deployments. After dividing our modules into different submodules, we can adapt to
depl oyment strategi es with the help of these. We can simply deploy our business logic
layer or some common functionality. Ve can adapt to conti nuous i ntegration and
deployment. The xcopy deployment is a process where all the files are copied to

the server, mostly used for web projects.
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M aking much better monolithic
applications

We understand all the challenges with our existing monolithic application. We have to
serve better with our new growth. As we are growing widely, we can't miss the
opportunity to get new customers. If we miss fixing any challenge, then we would lose
busi ness opportunities as well. Let's discuss a few points to solve these problems.
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| ntroducing dependency injections

Our modules are interdependent, so we are facing issues such as reusability of code and
unresol ved bugs due to changes in one modul e. These are deployment challenges. To
tackle these issues, | et's segregate our application in such away that we will be able to
divide modules into submodules. We can divide our a der module in such away that it
would implement the interface, and this can be initiated from the constructor. Hereis a
small code snippet that shows how we can apply thisin our existing monolithic
application.

Here is a code exampl e that shows our o der Class, where we use the constructor
injection:

namespace FlixOne. BookSt or e. Comron

{
public class Order : | Oder

{
private readonly | OrderRepository _orderRepository;

public O der (| O derRepository orderRepository)

{
_orderRepository = orderRepository;

}
public OrderMdel GetBy(Cuid orderld)
{

}

return _orderRepository. Get(orderld);

}
}

0 Theinversion of control or 10C is nothing but a way in which objects do

not create other objects on whomthey rely to do their work.

In the preceding code snippet, we abstracted our o der module insuchaway that it could
usetheiader interface. Afterward, our o der classimplementsthe i o der interface, and
with the use of inversion of control, we create an object, asthisis resolved

automati cally with the hel p of inversion of control.

Furthermore, the code snippets of 1 a der Reposi tory @Nd o der Reposi tory are as follows:

nanmespace Fli x(One. BookSt or e. Comron

public interface | OrderRepository
{

}
}

nanespace Fli xOne. BookSt or e. Conmron

O der Mbdel Get(Quid orderld);
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public class OrderRepository : | OrderRepository

{
public OrderMdel Get(Quid orderld)

//call data nethod here

return new O der Model

{
Orderld = Quid. NewQui d(),
O der Dat e = Dat eTi ne. Now,
OrderStatus = "In Transit"

}

Here we are trying to showcase how our o der modul e gets abstracted. In the preceding
code snippet, we return default values for our order just to demonstrate the sol ution to
the actual problem.

Finally, our presentation layer (the MVC controller) will use the available methods, as
shown in the following code snippet:

nanespace Fli xOne. BookStore. Controllers
{
public class OrderController : Controller
{
private readonly | Order _order;
public OrderController(lCder order)
{
_order = order;
}
Il GET: Oder
public ActionResult |ndex()
{
return View);
}
/1 GET: Order/Details/5
public ActionResult Detail s(string id)
{
var orderld = Quid. Parse(id);
var orderMdel = _order. GetBy(orderld);
return Vi ew order Mobdel ) ;
}
}
}

The following is a class diagram that depicts how our interfaces and classes are
associated with each other and how they expose their methods, properties, and so on:
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Here again, we used the constructor injection, where 1 o der passed and got the o der class
initialized; hence, all the methods are available within our controller.

By achieving this, we would overcome a few problems such as:

e Reduced module dependency: With the introduction of 1 oder in our application,
we are reducing the interdependency of the o-der module. Thisway, if we are
required to add or remove anything from/to this modul e, then other modules would
not be affected, as 1 a der s 0Ny implemented by the order module. Let's say we
want to make an enhancement to our o der module; it would not affect our
stock Module. This way, we reduce modul e i nterdependency.

e Introducing code reusability: If you are required to get the order details of any of
the appli cation modul es, you can easily do so using the 1 a der type.

e Improvementsin code maintainability: We have divided our modules into
submodules or classes and interfaces now. We can now structure our code in such
amanner that all the types, that is, all the interfaces, are placed under one fol der
and follow the suit for the repositories. With this structure, it would be easier for
us to arrange and maintain code.

e Our current monolithic application does not have any kind of unit testing. With the
introduction of interfaces, we can now easily perform unit testing and adopt the
system of test-driven devel opment with ease.
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Database refactoring

As discussed in the preceding section, our application database is huge and depends on
a single schema. This huge database should be considered while refactoring. We will go
for this as:

e Schema correction: Ingeneral practice (not required), our schema depicts our
modul es. As discussed in previous sections, our huge database has asingle
schema, that is dbo now, and every part of the code or table should not be related
to dbo. There might be several modules that will interact with specific tables. For
example, our o der modul e should contain some related schema name, such as o der.
So whenever we need to use the table, we can use them with their own schema
instead of a general dbo schema. Thiswill not impact any functionality related to
how data would be retrieved from the database. But it will have structured or
arranged our tables in such away that we would be able to identify and correlate
each and every table with their specific modules. This exercise will be very
hel pful while we are in the stage of transitioning of a monolithic applicationto
microservices. Refer to the following image:

Order module Stock module

In the preceding figure, we see how the database schema is separated logically. It is not
separated physically--our Order Schema and Stock Schema bel ong to the same
database. So here we separate the database scherma logically, not physically.

We can al so take an example of our users: not all users are admin or belong to a specific
Zone, area, or region. But our user table should be structured in such a way that we
should be abl e to identify the users by the table name or the way they are structured.
Here we can structure our user table on the basis of regions. WWe should map our user
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table to aregion table in such away it should not impact or lay any changesinthe
exi sting codebase.

e Moving business logic to code from stored procedures: Inthe current database,
we have thousands of lines Stored Procedure with alot of business logic. We
should move the business logic to our codebase. In our monolithic application, we
are using Entity Framework; here we can avoid the creation of stored procedures.
We canincorporate all of our business logic to code.
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Database shar ding and partitioning

Between database sharding and partitioning, we can go with database sharding, where
we will break it into smaller databases. These smaller databases will be deployed ona
separate server:

(LD (B0 (BT

In general, database sharding is simply defined as a shared-nothing partitioning scheme
for large databases. This way, we can achieve anew level of high performance and
scalability. Sharding comes from shard and spreading, which means dividing a database
into chunks(shards) and spreading to different servers.

The preceding diagramis a pictorial overview of how our database is divided into
smaller databases. Take alook at the foll owing diagram:
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DevOps culture

In the preceding sections, we discussed the challenges and problems with the team.
Here, we propose a sol ution to the DevOps team: the collaboration of the devel opment

team with another operational team should be emphasi zed. We should set up a system
where devel opment, QA, and the infrastructure teamwork in collaboration.
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Automation

Infrastructure setup can be a very time-consuming job; developerswould remainidie
while the infrastructure is being readied for them. He or she will take some time before
joining the team and contributing. The process of infrastructure setup should not stop a
devel oper from becoming productive, as it would reduce overall productivity. This
should be an automated process. With the use of Chef or PowerShell, we can easily
create our virtual machines and quickly ramp up the devel oper count as and when
required. Thisway, our developer can be ready to start the work from day one of
joining the team.

Chef is a DevOps tool that provides a framework to automate and manage your
infrastructure.

PowerShell can be used to create our Azure machines and to setup TFS.

www.EBooksWorld.ir



www.EBooksWorld.ir



Testing

We are going to introduce automated testing as a sol ution to our prior problems, those
we faced whil e testing during deployment. In this part of the solution, we have to divide
our testing approach as follows:

e Adopt Test-Driven Development (TDD). With TDD, a developer isrequired to
test his or her own code. The test i s nothing but another piece of code that could
validate whether the functionality is working as intended. If any functionality is
found to not sati sfy the test code, the corresponding unit test fails. This
functionality can be easily fixed, as you know thisis where the problemis. In order
to achieve this, we can utilize frameworks such as MS test or unit tests.

e The QA team can use scripts to automate their tasks. They can create scripts by
utilizing QTP or the Selenium framework.
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Versioning

The current system does not have any kind of versioning system. So there is no way to
revert if something happens during a change. To resolve this issue, we need to introduce
aversion control mechanism. In our case, this should be either TFS or Git. With the use
of version control, we can now revert to our changein caseit is found to break some
functionality or introduce any unexpected behavior in the application. We now have the
capability of tracking the changes being done by the team members working on this
application, at anindividual level. However, in the case of our monolithic application,
we did not have the capability of doing this.
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Deployment

In our application, deployment is a huge challenge. To resolve this, we introduce
Continuous Integration (Cl). Inthis process, we need to set up a Cl server. With the
introduction of Cl, the entire process is automated. As soon as the code is checked in by
any team member, using version control TFS or Git, inour case, the Cl process kicks
into action. It ensures that the new code is built and unit tests are run along with the

| ntegration test. In both the scenarios of a successful build or otherwise, the teamis
aerted to the outcome. This enables the team to quickly respond to the i ssue.

Next we move to conti nuous depl oyment. Here we introduce various environments,
namely a devel opment environment, staging environment, QA environment, and so on.
Now as soon as the code i s checked in by any team member, Cl kicks into action. It
invokes the unit/integration test suits, builds the system, and pushes it out to the various
environments we have set up. This way, the turnaround time of the devel opment teamto
provide asuitable build for QA isreduced to minimal.
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| dentifying decomposition candidates
within monolithic

We have now clearly identified the various problems that the current Flix One
application architecture and its resultant code is posing for the devel opment team. Also,
we understand which busi ness chall enges the devel opment teamis not abl e to take up
and why.

It is not that the team is not capabl e enough--it is just the code. Let's move ahead and
check what would be the best strategy to zero in on for the various parts of the Flix One
application that we need to move to the microservice-styled architecture. You should
know that you have a candidate with a monolith architecture, which poses problemsin
one of the following areas:

e Focused deployment: Although this comes at the final stage of the whole process,
it demands more respect and rightly so. It isimportant to understand here that this
factor shapes and defines the whol e devel opment strategy from the very initial
stages of identification and design. Here's an exampl e of this: the businessis
asking you to resol ve two problems of equal importance. One of the issues might
require you to performtesting for many more associated modules, and the
resol ution for the other might allow you to get away with limited testing. Having to
make such a choice would be wrong. A business shouldn't have the option of
making such a choice.

e Code complexity: Having smaller teams is the key here. You should be able to
assign small devel opment teams for a change that is associated withasingle
functionality. Small teams comprise one or two members. Any more than this and
the need for a project manager should ring a bell inyour ears. This means that
something is more interdependent across modul es than it should be.

e Technology adoption: You should be able to upgrade components to a newer
version or a different technol ogy without breaking stuff. If you have to think about
the components that depend onit, you have more than one candidate. Evenif you
have to worry about the modul es that this component depends upon, you still have
more than one candidate. | remember one of my clients who had a dedi cated team
to test out whether the technol ogy being rel eased was a suitabl e candidate for their
needs. | learned later that they would actually port one of the modul es and measure
the performance impact, effort requirement, and turnaround time of the whole
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system. | don't agree with this, though.

High resources. Everything in a system from memory, CPU time, and I/O
requirements should be considered a module in my opinion. If any one of the
modul es spends more time, and or more frequently, it should be singled out. In any
operation that involves higher than normal memory, the processing time blocks the
delay and 1/0O keeps the system waiting; this would be good in our case.

Human dependency: If moving team members across modules seems like a
hercul ean task that requires hand over, you have more candidates. Developers are
smart, but if they have to struggle with large systems to get productive, it is not
their fault. Break the system down into smaller units and you will have productive
devel opers more easily.
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| mportant microservices advantages

We have performed the first step of identifying our candidates for moving to
microservices. It will be worthwhile going through the correspondi ng advantages that
mi Ccroservices provide.
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Technology independence

With each one of the microservices being independent of each other, we now have the
power to use different technologies for each microservice. The payment gateway could
be using the latest .NET framework, whereas the product search could be shifted to any

other programming language.

The entire application could be based on an SQL server for data storage, whereas the
inventory could be based on NoSQL. The flexibility islimitless.
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| nter dependency removal

Since we try to achieve isolated functionality within each microservice, it is easy to add
new features, fix bugs, or upgrade technol ogy within each one. Thiswill have no impact
on other microservices. Now you have vertical code isolation that enables you to
performall of thisand still be as fast with the depl oyments.

This doesn't end here. The Flix One team now has the ability to rel ease a new option for
the payment gateway al ongsi de the exi sting one. Both the payment gateways could
coexist till the time both the team and the business owners are sati sfied with the reports.
Thisiswhere the immense power of this architecture comes into play.
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Alignment with business goals

It is not necessarily a forte of business owners to understand why a certain feature
would be difficult or time-consuming to implement. Their responsibility isto keep
driving the business and keep growing it. The devel opment team should become a pivot
to the business goal and not a roadbl ock.

It is extremely important to understand that the capability to quickly respond to business
needs and adapt to marketing trends is not a by-product of microservices, but their goal.

The capability to achieve this with smaller teams only makes it more suitable to
busi ness owners.
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Cost benefits

Each microservice becomes aninvestment for the business since it can easily be
consumed by other microservices without having to redo the same code again and again.
Every time amicroserviceis reused, timeis saved by avoiding the testing and

depl oyment of that part.

User experience is enhanced since the downtime is either eliminated or reduced to
minimal.
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Easy scalability

With vertical isolation in place and each microservice rendering a specific service to
the whol e system, it is easy to scale. Not only is the identification easier for the scaling
candidates, but the cost isless. Thisis because we only scale a part of the whole

Mi Croservice ecosystem.

This exercise can be cost-intensive for the business; hence, prioritization of which
microservice should be scaled first can now be a choice of the business team. This
decision no longer has to be a choice of the devel opment team.
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Security

Security issimilar to what is provided by the traditional |ayered architecture;

mi croservices can be secured as easily. Different configurations can be used to secure
different microservices. You can have a part of the microservice ecosystem behind
firewalls and another part to user encryption. Web-facing microservices could be
secured differently fromthe rest of the microservices. You can suit your needs as per
choice, technol ogy, or budget.
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Data management

It is common to have a singl e database in the mgj ority of monolithic applications. And
amost always, there is a database architect or a designated owner responsible for its
integrity and maintenance. The path to any application enhancement that requires a
change in the database has to go through this route. For me, it has never been an easy
task. This further slows down the process of applicati on enhancement, scalability, and
technol ogy adoption.

Because each microservice has its own independent database, the decision-making
rel ated to changes required in the database can be easily del egated to the respective
team. We don't have to worry about the impact on the rest of the system, as there will not

be any.

At the same time, this separation of the database brings forth the possibility for the team
to become self-organized. They can now start experimenting.

For exampl e, the team can now consider using the Azure Table storage or Azure Redis
Cache to store the massive product catal og i nstead of the database, as is being done
currently. Not only can the team now experiment, their experience could easily be
replicated across the whol e system as required by other teams in the form of a schedule
convenient to them.

In fact, nothing is stopping the FlixOne team now from being innovative and using
amultitude of technol ogies available at the same, then comparing performance in the
real world and making afinal decision. Once each microservice hasitsown DB, thisis
how Flix One will look:
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| ntegr ating monolithic

Whenever a choice is made to move away from the monolithic architecture in favor of
the microservice-styled architecture, the time and cost axis of the initiative would pose
some resi stance. Business eval uation might rule agai nst moving some parts of the
monolithic application that do not make a business case for the transition.

It would have been a different scenario if we were devel oping the application fromthe
beginning. However, thisis also the power of microservicesinmy opinion. A correct
eval uation of the entire monolithic architecture can safely identify the monolithic parts
to be ported later.

However, to ensure that these i sol ated parts do not cause a problem to other
microservices in future, we must take one safeguard against the risk.

The goal for such parts of the monolithic applicationis to make them communicate in the
same waly as that of other microservices. Doing this involves various patterns and you
utilize the technol ogy stack in which the monolithic application was devel oped.

If you use the event-driven pattern, make sure that the monolithic application can publish
and consume events, including a detailed modification of the source code to make these
actions possible. This process can also be performed by creating an event proxy that
publishes and consumes events. The event proxy can then transl ate these events to the
monolithic applicationin order to keep the changes in the source code to a minimum,
Ultimately, the database would remain the same.

If you plan to use the API gateway pattern, be sure that your gateway is able to
communi cate with the monolithic application. To achieve this, one option is to modify
the source code of the application to expose RESTful services that can be consumed
easily by the gateway. This can also be achieved by the creation of a separate
microservice to expose the monolithic application procedures as REST services. The
creation of a separate microservice avoids big changes in the source code. However, it
demands the mai ntenance and depl oyment of a new component.
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Summary

In this chapter, we discussed what the microservice architectural styleisindetail, its
history, and how it differs fromits predecessors. monolithic and SOA. We further
defined the various challenges that monolithic faces when dealing with large systems.
Scalability and reusability are some definite advantages that SOA provides over
monolithic. We al so discussed the limitations of the monolithic architecture, including
scaling problems, by implementing a real -life monolithic application. The microservice
architecture style resolves all these issues by reducing code interdependency and

| sol ati ng the dataset size that any one of the microservices works upon. We utilized
dependency injection and database refactoring for this. We further expl ored automation,
Cl, and deployment. These easily allow the devel opment team to | et the business
sponsor choose what industry trends to respond to first. This results in cost benefits,
better business response, timely technol ogy adoption, effective scaling, and removal of
human dependency.

In the next chapter, we will go ahead and transition our existing application to the
mi croservice-style architecture and put our knowledge to areal test.
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