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Forew ord
"O ur industry does not respect tradition ï it only respects innovation."
- Satya Nadella

Iôve spent m y last three years at M icrosoft, running custom er feedback program s for
A zure m icroservice architectures and tooling. I believe this m icroservices fram ew ork is
a crucial spark of innovation in w eb developm ent. In an agile w orld, w e need an agile
fram ew ork on the cloud that is w orking for us, processing individual actors and
services. W ith this new  pow er, w e can deploy a fram ew ork that scales, im proves
resiliency, greatly reduces latency, increases our control of security, and upgrades the
system  w ithout dow ntim e. M icroservices becom es the optim al architecture in our new
cloud-based developm ent environm ent, and it can result in m ajor cost benefits.

G aurav A roraa, Lalit K ale, and M anish K anw ar m asterfully w hisk us aw ay on a journey
to explore the history of m icroservices, and they carefully and thoroughly take us on a
tour of the architectural design concepts that accom pany the evolution of m icroservices,
from  w hen Jam es Lew is first coined the term  to our current tools and im plem entations.
The book starts at a high level, w ith detailed diagram s and descriptions that explain the
architectural scenarios and uncovers all the values youôll receive w ith a m icroservices
design. A t this point, you m ight ask w hether the book is about m icroservices
architecture or a how -to guide in .N ET developm ent. Im portantly, the authors transition
us into the practical know ledge of translating our current applications into this bold new
w orld of m icroservices. O n that journey, they do not speed up. In other books, you m ove
so fast that you sim ply cannot enjoy the view  (or understand w hat youôre supposed to be
learning). You m ight just im plem ent the code and pick up a few  tactics along the w ay,
m ostly copying and coding by autopilot. But the authors teach each concept and step in
the developm ent process w ith the attention and focus that it deserves.

Personally, I have had the privilege of know ing G aurav for a few  years now . H eôs a
Visual Studio and D evelopm ent M VP (M icrosoftôs M ost Valuable Professional aw ard)
and a key leader in the M icrosoft cloud developm ent com m unity. Iôve w orked closely
w ith him  on his pow erful contributions on TechN et W iki. In this book, I see a dedication
and passion from  G aurav, Lalit, and M anish shine through. This book needs to be
w ritten. I am  excited w hen I find gem s like this. The authors thoroughly go through every
detail, every param eter, and every consideration in tackling this w eighty concept of a
m icroservices architecture in .N ET developm ent. Read this book, skip ahead w here
youôre know ledgeable about the given inform ation, absorb the authorsô know ledge, and
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share the book w ith your business contacts. The developm ent com m unity needs to adopt
a m icroservices approach, and this book is a pow erful advocate on that journey.

Ed Price

Senior Program  M anager

M icrosoft A zureCAT (Custom er A dvisory Team ), M icroservices and Cloud
D evelopm ent

Co-A uthor of Learn to Program  with M icrosoft Sm all Basic
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A bout the A uthors
G aurav K um ar A roraa has done M .Phil in com puter science. H e is a M icrosoft M VP,
certified as a scrum  trainer/coach, X EN  for ITIL-F, and A PM G  for PRIN CE-F and
PRIN CE-P. G aurav serves as a m entor at IndiaM entor, w ebm aster of dotnetspider,
contributor to TechN et W iki, and co-founder of Innatus Curo Softw are LLC. In the 19+
years of his career, he has m entored thousands of students and industry professionals.
You can reach G aurav via his blog, LinkedIn, and tw itter handle (@g_arora).

Book writing is not an easy job, as it takes a lot of tim e. Som etim es, it needs
your personal/fam ily tim e. So, I want to thank all who m otivated m e and allowed m e
to spend tim e on this book, tim e that I was supposed to spend with them . M y first
thank you is to m y wife, Shuby Arora, for her support in all ways. Then, I would like
to thank m y angel, Aarchi Arora (the newest m em ber of our fam ily). A great thanks to
m y parents whose blessings are always with m e; this is because of them . I would like
to thank the entire Packt team , especially Vikas Tiwari and D enim  Pinto for their
overnight support. A great thank you to Ed Price for his in-depth knowledge and his
suggestions to im prove various sections of the book. Finally, I want to say thanks to
both Lalit and M anish for their full support as co-authors and their reply when I
need for the book discussion.

Lalit K ale is a technical architect and consultant w ith m ore than 12 years of industry
experience. Lalit has helped clients achieve tangible business outcom es through the
im plem entation of best practices in softw are developm ent. H e is a practitioner of TD D
and D D D , and a big believer in agile and lean m ethodologies. H e has w orked w ith
several organizations, from  start-ups to large enterprises, in m aking their system s
successful, be it in-house or m ission critical, w ith clients in the USA , the UK , G erm any,
Ireland, and India. H is current interests include container technologies and m achine
learning using Python. H e holds a bachelorôs degree in engineering (IT).

I would like to take this opportunity to thank m y coauthors, G aurav and M anish, and
the entire Packt team , without whom  this book would never have existed. I would also
like to thank Lord G anesha and m y parents. W ithout their support, I would never have
been creative and wouldnôt have pursued m y passion with com puters. I would like to
pay m y respect to m y source of inspiration--m y beloved grandfather, Raghunath
Savdekar, who passed away during the writing of this book. G randpa, this book is for
you.
Lastly, Iôd like to acknowledge the support from  m y wife, Sonal, and m y kid, Aaryan,
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who had to tolerate m y dem ands for endless cups of coffee and peaceful silence
during long writing nights.

K anw ar M anish com pleted his m asters of science in com puter applications from  M D
University, India, and is a cofounder of Innatus Curo Softw are LLC, w ith a presence in
India. H e has been w orking in the IT industry across dom ains for the last 17 years. H e
started exploring .N ET right from  the first release and has been glued to it ever since.
H is range of experience includes global w ealth m anagem ent (financial service industry,
USA ), life insurance (insurance industry, USA ), and docum ent m anagem ent
system  (D M S), ECM S, India. M anish does his bit for the com m unity by helping young
professionals through the IndiaM entor platform .

I would like to thank m y wife, Kom al, and m y young boys, Aadi and Veda, who had to
bear m y absence while I was still around and for giving m e that crucial support. And
a big thanks to the rest of m y fam ily for always encouraging m e. G aurav played a
vital role in giving his valuable input in guiding m e. Also, I'd like to acknowledge the
support from  Packt's editors.
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A bout the R eview ers
Vidya Vrat A garw al is softw are technology enthusiast, M icrosoft M VP, C# Corner
M VP, TO G A F Certified A rchitect, Certified Scrum  M aster (CSM ), and a published
author. H e has presented sessions at various technical conferences and code cam ps in
India and the USA . H e lives in Redm ond, W A w ith his w ife Rupali and tw o daughters,
Pearly and A rshika. H e is passionate about .N ET and w orks as a softw are
architect/.N ET consultant. H e can be follow ed on Tw itter at @DotNetAuthor.

N ishith Shukla is a seasoned softw are architect and has been a leader in developing
softw are products for over 15 years. Currently, he is w orking in Bay A rea, California
for BlackBerry. H e joined BlackBerry through the acquisition of A tH oc and is playing a
key technical leadership role in transm itting BlackBerry from  a hardw are to a softw are
com pany. 
N ishith has played a key role in various softw are products through his extensive
know ledge on O O P, design patterns, and architectural best practices, including
m icroservices, and through his balanced approach betw een business goals and technical
goals. O utside w ork, N ishith plays an active role in softw are com m unity building,
playing G olf, travelling the w orld, and spending tim e w ith his fam ily.
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w w w .PacktPub.com
For support files and dow nloads related to your book, please visit w w w .PacktPub.com .

D id you know  that Packt offers eBook versions of every book published, w ith PD F and
ePub files available? You can upgrade to the eBook version at w w w .PacktPub.com and as a
print book custom er, you are entitled to a discount on the eBook copy. G et in touch w ith
us at service@packtpub.com for m ore details.

A t w w w .PacktPub.com , you can also read a collection of free technical articles, sign up for
a range of free new sletters and receive exclusive discounts and offers on Packt books
and eBooks.

https://w w w .packtpub.com /m apt

G et the m ost in-dem and softw are skills w ith M apt. M apt gives you full access to all
Packt books and video courses, as w ell as industry-leading tools to help you plan your
personal developm ent and advance your career.
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W hy subscribe?

Fully searchable across every book published by Packt
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C ustom er Feedback
Thanks for purchasing this Packt book. A t Packt, quality is at the heart of our editorial
process. To help us im prove, please leave us an honest review  on this book's A m azon
page at https://w w w .am azon.com /dp/1785887831. If you'd like to join our team  of regular
review ers, you can e-m ail us at customerreviews@packtpub.com. W e aw ard our regular
review ers w ith free eBooks and videos in exchange for their valuable feedback. H elp
us be relentless in im proving our products!
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Preface
D istributed system s are alw ays difficult to get com plete success w ith. Lately,
m icroservices have been getting considerable attention. W ith N etflix and Spotify,
m icroservices im plem entations have som e of the biggest success stories in the industry.
M icroservices is quickly gaining popularity and acceptance w ith enterprise
architects. O n the other hand, there is another cam p that thinks m icroservices as nothing
new  or only as a rebranding of SO A .

In any case, m icroservices architecture has critical advantages, particularly w ith regard
to em pow ering the nim ble im provem ent and conveyance of com plex venture
applications.

H ow ever, there is no clear practical advice on how  to im plem ent m icroservices in the
M icrosoft ecosystem  and especially w ith taking advantage of A zure and the .N ET Core
fram ew ork.

This book tries to fill that void. It explores the concepts, challenges, and strengths of
planning, constructing, and operating m icroservices architectures built w ith .N ET Core.
This book discusses all cross-cutting concerns, along w ith the m icroservices design. It
also highlights the m ore im portant aspects to consider w hile building and operating
m icroservices through practical how tos and best practices for security, m onitoring, and
scalability.
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W hat this book covers
C hapter 1, W hat Are M icroservices?, m akes you fam iliar w ith m icroservices architectural
styles, history, and how  it differs from  its predecessors, m onolithic architecture and
service-oriented architecture (SO A ).

C hapter 2, Building M icroservices, gives you an idea of the different factors that can be
used to identify and isolate m icroservices at a high level, w hat the characteristics of a
good service are, and how  to achieve the vertical isolation of m icroservices.

C hapter 3, Integration Techniques, introduces synchronous and asynchronous
com m unication, style of collaborations, and the A PI gatew ay.

C hapter 4, Testing Strategies, explores how  testing m icroservices is different from  testing
a norm al .N ET application. It gets you acquainted w ith the testing pyram id.

C hapter 5, D eploym ent, covers how  to deploy m icroservices and the best practices for it.
It also takes into account the isolation factor, w hich is the key success factor, along w ith
setting up continuous integration and continuous delivery to deliver business changes at
a rapid pace.

C hapter 6, Security, describes how  to secure m icroservices w ith O A uth and, also,
container security and best practices in general.

C hapter 7, M onitoring, explains that debugging and m onitoring m icroservices is not a
trivial problem  but a quite challenging one. W e have used the w ord, challenging, on
purpose--there is no silver bullet for this. There is no single tool in the .N ET ecosystem
that is, by design, m ade for m icroservices; how ever, A zure m onitoring and
troubleshooting is the m ost prom ising one.

C hapter 8, Scaling, explains that scalability is one of the critical advantages of pursuing
the m icroservices architectural style. In this chapter, w e w ill see scalability by design,
and by infrastructure as w ell, w ith respect to the m icroservices architecture.

C hapter 9, Reactive M icroservices, gets you fam iliar w ith the concept of reactive
m icroservices. You w ill learn how  you can build reactive m icroservices w ith the use of
reactive extensions. The chapter w ill help you focus on your m ain task and free you
from  the chores of com m unicating across services.
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C hapter 10, Creating a Com plete M icroservices Solution, w ill w alk you through all the
concepts of m icroservices that you have learned so far. A lso, w e w ill develop an
application from  scratch w hile putting all our skills to use.
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W hat you need for this book
A ll supporting code sam ples in this book are tested on .N ET Core 1.1, using Visual
Studio 2015 update 3 as ID E and SQ L Server 2008R2 as database on the W indow s
platform .
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W ho this book is for
This book is for .N ET Core developers w ho w ant to learn and understand
m icroservices architecture and im plem ent it in their .N ET Core applications. Itôs ideal
for developers w ho are com pletely new  to m icroservices or just have a theoretical
understanding of this architectural approach and w ant to gain a practical perspective in
order to m anage application com plexity better.
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C onventions
In this book, you w ill find a num ber of text styles that distinguish betw een different
kinds of inform ation. H ere are som e exam ples of these styles and an explanation of their
m eaning.

Code w ords in text, database table nam es, folder nam es, filenam es, file extensions,
pathnam es, dum m y URLs, user input, and Tw itter handles are show n as follow s: "H ere
w e are trying to show case how  our Order m odule gets abstracted."

A block of code is set as follow s:

 namespace FlixOne.BookStore.ProductService.Models
    {
      public class Category
      {
        public Guid Id { get; set; }
        public string Name { get; set; }
        public string Description { get; set; }
       }
    }

A ny com m and-line input or output is w ritten as follow s:

Install-Package System.IdentityModel.Tokens.Jwt

N ew  term s and im portant w ords are show n in bold. W ords that you see on the screen,
for exam ple, in m enus or dialog boxes, appear in the text like this: "Clicking the N ext
button m oves you to the next screen."

W arnings or im portant notes appear in a box like this.

Tips and tricks appear like this.
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R eader feedback
Feedback from  our readers is alw ays w elcom e. Let us know  w hat you think about this
book-w hat you liked or disliked. Reader feedback is im portant for us as it helps us
develop titles that you w ill really get the m ost out of.

To send us general feedback, sim ply e-m ail feedback@packtpub.com, and m ention the book's
title in the subject of your m essage.

If there is a topic that you have expertise in and you are interested in either w riting or
contributing to a book, see our author guide at w w w .packtpub.com /authors.
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C ustom er support
N ow  that you are the proud ow ner of a Packt book, w e have a num ber of things to help
you to get the m ost from  your purchase.
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D ow nloading the exam ple code
You can dow nload the exam ple code files for this book from  your account at http://w w w .pac
ktpub.com . If you purchased this book elsew here, you can visit http://w w w .packtpub.com /support
and register to have the files e-m ailed directly to you.

You can dow nload the code files by follow ing these steps:

1. Log in or register to our w ebsite using your e-m ail address and passw ord.
2. H over the m ouse pointer on the SUPPO RT tab at the top.
3. Click on Code D ow nloads &  Errata.
4. Enter the nam e of the book in the Search box.
5. Select the book for w hich you're looking to dow nload the code files.
6. Choose from  the drop-dow n m enu w here you purchased this book from .
7. Click on Code D ow nload.

O nce the file is dow nloaded, please m ake sure that you unzip or extract the folder using
the latest version of:

W inRA R / 7-Zip for W indow s
Zipeg / iZip / UnRarX  for M ac
7-Zip / PeaZip for Linux

The code bundle for the book is also hosted on G itH ub at https://github.com /PacktPublishing/B uildi
ng-M icroservices-w ith-D otN ET-C ore. W e also have other code bundles from  our rich catalog of
books and videos available at https://github.com /PacktPublishing/. Check them  out!
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E rrata
A lthough w e have taken every care to ensure the accuracy of our content, m istakes do
happen. If you find a m istake in one of our books-m aybe a m istake in the text or the
code-w e w ould be grateful if you could report this to us. By doing so, you can save
other readers from  frustration and help us im prove subsequent versions of this book. If
you find any errata, please report them  by visiting http://w w w .packtpub.com /subm it-errata,
selecting your book, clicking on the Errata Subm ission Form  link, and entering the
details of your errata. O nce your errata are verified, your subm ission w ill be accepted
and the errata w ill be uploaded to our w ebsite or added to any list of existing errata
under the Errata section of that title.

To view  the previously subm itted errata, go to https://w w w .packtpub.com /books/content/support and
enter the nam e of the book in the search field. The required inform ation w ill appear
under the Errata section.

www.EBooksWorld.ir

http://www.packtpub.com/submit-errata
https://www.packtpub.com/books/content/support


www.EBooksWorld.ir



Piracy
Piracy of copyrighted m aterial on the Internet is an ongoing problem  across all m edia.
A t Packt, w e take the protection of our copyright and licenses very seriously. If you
com e across any illegal copies of our w orks in any form  on the Internet, please provide
us w ith the location address or w ebsite nam e im m ediately so that w e can pursue a
rem edy.

Please contact us at copyright@packtpub.com w ith a link to the suspected pirated m aterial.

W e appreciate your help in protecting our authors and our ability to bring you valuable
content.
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Q uestions
If you have a problem  w ith any aspect of this book, you can contact us
at questions@packtpub.com, and w e w ill do our best to address the problem .
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W hat A re M icroservices?
The focus of this chapter is to get you acquainted w ith m icroservices. W e w ill start w ith
a brief introduction. Then, w e w ill define its predecessors: m onolithic architecture and
service-oriented architecture (SO A ). A fter this, w e w ill see how  m icroservices fare
against both SO A and the m onolithic architecture. W e w ill then com pare the advantages
and disadvantages of each one of these architectural styles. This w ill enable us to
identify the right scenario for these styles. W e w ill understand the problem s that arise
from  having a layered m onolithic architecture. W e w ill discuss the solutions available
to these problem s in the m onolithic w orld. A t the end, w e w ill be able to break dow n
a m onolithic application into a m icroservice architecture. W e w ill cover the follow ing
topics in this chapter:

O rigin of m icroservices
D iscussing m icroservices
Understanding the m icroservice architecture
A dvantages of m icroservices
SO A versus m icroservices
Understanding problem s w ith the m onolithic architectural style
Challenges in standardizing the .N ET stack
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O rigin of m icroservices
The term  m icroservices w as used for the first tim e in m id-2011 at a w orkshop of
softw are architects. In M arch 2012, Jam es Lew is presented som e of his ideas about
m icroservices. By the end of 2013, various groups from  the IT industry started
having discussions on m icroservices, and by 2014, it had becom e popular enough to be
considered a serious contender for large enterprises.

There is no official introduction available for m icroservices. The understanding of the
term  is purely based on the use cases and discussions held in the past. W e w ill discuss
this in detail, but before that, let's check out the definition of m icroservices as per
W ikipedia (https://en.w ikipedia.org/w iki/M icroservices), w hich sum s it up as:

M icroservices is a specialization of and im plem entation approach for SO A used to
build flexible, independently deployable software system s.

In 2014, Jam es Lew is and M artin Fow ler cam e together and provided a few  real-w orld
exam ples and presented m icroservices (refer to http://m artinfow ler.com /m icroservices/) in their
ow n w ords and further detailed it as follow s:

The m icroservice architectural style is an approach to developing a single
application as a suite of sm all services, each running in its own process and
com m unicating with lightweight m echanism s, often an H TTP resource API. These
services are built around business capabilities and independently deployable by fully
autom ated deploym ent m achinery. There is a bare m inim um  of centralized
m anagem ent of these services, which m ay be written in different program m ing
languages and use different data storage technologies.

It is very im portant that you see all the attributes Jam es and M artin defined here. They
defined it as an architectural style that developers could utilize to develop a single
application w ith the business logic spread across a bunch of sm all services, each having
their ow n persistent storage functionality. A lso, note its attributes: it can be
independently deployable, can run in its ow n process, is a lightw eight com m unication
m echanism , and can be w ritten in different program m ing languages.

W e w ant to em phasize this specific definition since it is the crux of the w hole concept.
A nd as w e m ove along, it w ill com e together by the tim e w e finish this book.
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D iscussing m icroservices
Until now , w e have gone through a few  definitions of m icroservices; now , let's discuss
m icroservices in detail.

In short, a m icroservice architecture rem oves m ost of the draw backs of SO A
architectures. It is m ore code-oriented (w e w ill discuss this in detail in the com ing
sections) than SO A services.

Slicing your application into a num ber of services is neither SO A nor m icroservices.
H ow ever, com bining service design and best practices from  the SO A w orld along w ith
a few  em erging practices, such as isolated deploym ent, sem antic versioning, providing
lightw eight services, and service discovery in polyglot program m ing, is m icroservices.
W e im plem ent m icroservices to satisfy business features and im plem ent them  w ith
reduced tim e to m arket and greater flexibility.

Before w e m ove on to understand the architecture, let's discuss the tw o im portant
architectures that have led to its existence:

The m onolithic architecture style
SO A

M ost of us w ould be aw are of the scenario w here during the life cycle of an enterprise
application developm ent, a suitable architectural style is decided. Then, at various
stages, the initial pattern is further im proved and adapted w ith changes that cater to
various challenges, such as deploym ent com plexity, large code base, and scalability
issues. This is exactly how  the m onolithic architecture style evolved into SO A , further
leading up to m icroservices.
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M onolithic architecture
The m onolithic architectural style is a traditional architecture type and has been w idely
used in the industry. The term  m onolithic is not new  and is borrow ed from  the Unix
w orld. In Unix, m ost of the com m ands exist as a standalone program  w hose functionality
is not dependent on any other program . A s seen in the succeeding im age, w e can have
different com ponents in the application such as:

U ser interface: This handles all of the user interaction w hile responding w ith
H TM L or JSO N  or any other preferred data interchange form at (in the case of w eb
services).
Business logic: A ll the business rules applied to the input being received in the
form  of user input, events, and database exist here.
D atabase access: This houses the com plete functionality for accessing the
database for the purpose of querying and persisting objects. A w idely accepted
rule is that it is utilized through business m odules and never directly through user-
facing com ponents.

Softw are built using this architecture is self-contained. W e can im agine a single .N ET
assem bly that contains various com ponents, as described in the follow ing im age:

A s the softw are is self-contained here, its com ponents are interconnected and
interdependent. Even a sim ple code change in one of the m odules m ay break a m ajor
functionality in other m odules. This w ould result in a scenario w here w e'd need to test
the w hole application. W ith the business depending critically on its enterprise
application fram ew orks, this am ount of tim e could prove to be very critical.

H aving all the com ponents tightly coupled poses another challenge: w henever w e
execute or com pile such softw are, all the com ponents should be available or the build
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w ill fail; refer to the preceding im age that represents a m onolithic architecture and is a
self-contained or a single .N ET assem bly project. H ow ever, m onolithic architectures
m ight also have m ultiple assem blies. This m eans that even though a business layer
(assem bly, data access layer assem bly, and so on) is separated, at run tim e, all of them
w ill com e together and run as one process. 

A user interface depends on other com ponents' direct sale and inventory in a m anner
sim ilar to all other com ponents that depend upon each other. In this scenario, w e w ill
not be able to execute this project in the absence of any one of these com ponents. The
process of upgrading any one of these com ponents w ill be m ore com plex as w e m ay
have to consider other com ponents that require code changes too. This results in m ore
developm ent tim e than required for the actual change.

D eploying such an application w ill becom e another challenge. D uring deploym ent, w e
w ill have to m ake sure that each and every com ponent is deployed properly; otherw ise,
w e m ay end up facing a lot of issues in our production environm ents.

If w e develop an application using the m onolithic architecture style, as discussed
previously, w e m ight face the follow ing challenges:

Large code base: This is a scenario w here the code lines outnum ber the com m ents
by a great m argin. A s com ponents are interconnected, w e w ill have to bear w ith a
repetitive code base.
Too m any business m odules: This is in regard to m odules w ithin the sam e system .
C ode base com plexity: This results in a higher chance of code breaking due to
the fix required in other m odules or services.
C om plex code deploym ent: You m ay com e across m inor changes that w ould
require w hole system  deploym ent.
O ne m odule failure affecting the w hole system : This is in regard to m odules that
depend on each other.
Scalability: This is required for the entire system  and not just the m odules in it.
Interm odule dependency: This is due to tight coupling.
Spiraling developm ent tim e: This is due to code com plexity and interdependency.
Inability to easily adapt to a new  technology: In this case, the entire system
w ould need to be upgraded.

A s discussed earlier, if w e w ant to reduce developm ent tim e, ease of deploym ent, and
im prove m aintainability of softw are for enterprise applications, w e should avoid
the traditional or m onolithic architecture.
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Service-oriented architecture
In the previous section, w e discussed the m onolithic architecture and its lim itations. W e
also discussed w hy it does not fit into our enterprise application requirem ents. To
overcom e these issues, w e should go w ith som e m odular approach w here w e can
separate the com ponents such that they should com e out of the self-contained or single
.N ET assem bly.

The m ain difference between SO A &  m onolithic is not one or m ultiple
assem bly. But as the service in SO A runs as separate process, SO A
scales better com pared to m onolithic.

Let's discuss the m odular architecture, that is, SO A . This is a fam ous architectural style
using w hich the enterprise applications are designed w ith a collection of services as its
base. These services m ay be RESTful or A SM X  W eb services. To understand SO A in
m ore detail, let's discuss service first.
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W hat is service?
Service, in this case, is an essential concept of SO A . It can be a piece of code, program ,
or softw are that provides som e functionality to other system  com ponents. This piece of
code can interact directly w ith the database or indirectly through another service.
Furtherm ore, it can be consum ed by clients directly, w here the client m ay either be a
w ebsite, desktop app, m obile app, or any other device app. Refer to the follow ing
diagram :

Service refers to a type of functionality exposed for consum ption by other system s
(generally referred to as clients/client applications). A s m entioned earlier, it can be
represented by a piece of code, program , or softw are. Such services are exposed over
the H TTP transport protocol as a general practice. H ow ever, the H TTP protocol is not a
lim iting factor, and a protocol can be picked as deem ed fit for the scenario.

In the follow ing im age, Service ï direct selling is directly interacting w ith
D atabase, and three different clients, nam ely W eb, D esktop, and M obile, are
consum ing the service. O n the other hand, w e have clients consum ing Service ï partner
selling, w hich is interacting w ith Service ï channel partners for database access.

A  product selling service is a set of services that interacts w ith client applications and
provides database access directly or through another service, in this case, Service ï
C hannel partner. In the case of Service ï direct selling, show n in the preceding
exam ple, it is providing som e functionality to a W eb Store, a desktop application, and a
m obile application. This service is further interacting w ith the database for various
tasks, nam ely fetching data, persisting data, and so on.
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N orm ally, services interact w ith other system s via som e com m unication channel,
generally the H TTP protocol. These services m ay or m ay not be deployed on the sam e
or single servers.

In the preceding im age, w e have projected an SO A exam ple scenario. There are m any
fine points to note here, so let's get started. Firstly, our services can be spread across
different physical m achines. H ere, Service-direct selling is hosted on tw o separate
m achines. It is a possible scenario that instead of the entire business functionality, only a
part of it w ill reside on Server 1 and the rem aining on Server 2. Sim ilarly, Service ï
partner selling appears to be having the sam e arrangem ent on Server 3 and Server 4.
H ow ever, it doesn't stop Service ï channel partners being hosted as a com plete set on
both the servers: Server 5 and Server 6.

A system  that uses a service or m ultiple services in a fashion m entioned in the preceding
figure is called an SO A . W e w ill discuss SO A in detail in the follow ing sections.

Let's recall the m onolithic architecture. In this case, w e did not use it because it restricts
code reusability; it is a self-contained assem bly, and all the com ponents are
interconnected and interdependent. For deploym ent, in this case, w e w ill have to deploy
our com plete project after w e select the SO A  (refer to preceding im age and subsequent
discussion). N ow , because of the use of this architectural style, w e have the benefit of
code reusability and easy deploym ent. Let's exam ine this in the w ake of the preceding
figure:
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1. R eusability: M ultiple clients can consum e the service. The service can also be
sim ultaneously consum ed by other services. For exam ple, O rderService is
consum ed by w eb and m obile clients. N ow , O rderService can also be used by the
Reporting D ashboard UI.

2. Stateless: Services do not persist any state betw een requests from  the client, that
is, the service doesn't know , nor care, that the subsequent request has com e from
the client that has/hasn't m ade the previous request.

3. C ontract-based: Interfaces m ake it technology-agnostic on both sides of
im plem entation and consum ption. It also serves to m ake it im m une to the code
updates in the underlying functionality.

4. Scalability: A system  can be scaled up; SO A can be individually clustered w ith
appropriate load balancing.

5. U pgradation: It is very easy to roll out new  functionalities or introduce new
versions of the existing functionality. The system  doesn't stop you from  keeping
m ultiple versions of the sam e business functionality.

www.EBooksWorld.ir



www.EBooksWorld.ir



U nderstanding the m icroservice
architecture
The m icroservice architecture is a w ay to develop a single application containing a set
of sm aller services. These services are independent of each other and run in their ow n
processes. A n im portant advantage of these services is that they can be developed and
deployed independently. In other w ords, w e can say that m icroservices are a w ay to
segregate our services so they can be handled com pletely independent of each other in
the context of design, developm ent, deploym ent, and upgrades.

In a m onolithic application, w e have a self-contained assem bly of user interface, direct
sale, and inventory. In the m icroservice architecture, the services part of the application
changes to the follow ing depiction:

H ere, business com ponents have been segregated into individual services. These
independent services now  are the sm aller units that existed earlier w ithin the self-
contained assem bly, in the m onolithic architecture. Both direct sales and
inventory services are independent of each other, w ith the dotted lines depicting their
existence in the sam e ecosystem  yet not bound w ithin a single scope. Refer to the
follow ing diagram :

From  the preceding im age, it's clear that our user interface can interact w ith any of the
services. There is no need to intervene in any service w hen a UI calls a service. Both
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the services are independent of each other, w ithout being aw are of w hen the other one
w ould be called by the user interface. Both services are liable for their ow n operations
and not for any other part in the w hole system . A lthough m uch closer to the m icroservice
architecture, the preceding visualization is not entirely a com plete visualization of the
intended m icroservice architecture.

In the m icroservice architecture, services are sm all, independent units
with their own persistent stores.

N ow  let's bring this final change so that each service w ill have its ow n database
persisting the necessary data:

H ere, U ser interface is interacting w ith those services that have their ow n independent
storage. In this case, w hen a user interface calls a service for direct sales, the business
flow  for direct sales is executed independently of any data or logic contained w ithin the
inventory service.

The solution that the use of m icroservices provides has a lot of likely benefits, as
discussed next:

Sm aller codebase: Each service is sm all, therefore, easier to develop and deploy
as a unit
Ease of independent environm ent: W ith the separation of services, all
developers w ork independently, deploy independently, and no one is bothered
about any m odule dependency
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W ith the adoption of the m icroservice architecture, m onolithic applications are now
harnessing the associated benefits, as it can now  be scaled easily and deployed using a
service independently.
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M essaging in m icroservices
It is very im portant to carefully consider the choice of the m essaging m echanism  w hen
dealing w ith the m icroservice architecture. If this one aspect is ignored, then it can
com prom ise the entire purpose of designing using the m icroservice architecture. In
m onolithic applications, this is not a concern as the business functionality of the
com ponents gets invoked through function calls. O n the other hand, this happens via a
loosely coupled w eb service level m essaging feature, w here services are prim arily
based on SO A P.  In the case of the m icroservice m essaging m echanism , it should be
sim ple and lightw eight.

There are no set rules for m aking a choice betw een various fram ew orks or protocols for
a m icroservice architecture. H ow ever, there are a few  points w orth consideration here.
Firstly, it should be sim ple enough to im plem ent, w ithout adding any com plexity to your
system . Secondly, it should be lightw eight enough, keeping in m ind the fact that the
m icroservice architecture could heavily rely on interservice m essaging. Let's m ove
ahead and consider our choices for both synchronous and asynchronous m essaging along
w ith the different m essaging form ats.
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Synchronous m essaging
W hen a tim ely response is expected from  a service by a system  and the system  w aits on
it till a response is received from  the service, it is synchronous m essaging. W hat's left is
the m ost sought-after choice in the case of m icroservices. It is sim ple and supports
H TTP request-response, thereby leaving little room  to look for an alternative. This is
also one of the reasons that m ost im plem entations of m icroservices use H TTP (A PI-
based styles).
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A synchronous m essaging
W hen a system  is not im m ediately expecting a tim ely response from  the service and the
system  can continue processing w ithout blocking on that call, it is asynchronous
m essaging.

Let's incorporate this m essaging concept into our application and see how  it w ould
change and look:
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M essage form ats
O ver the past m any years, w orking w ith M VC and the like has got m e hooked on the
JSO N  form at. You could also consider X M L. Both the form ats w ould do fine on H TTP
w ith the A PI style resource. There are easily available binary m essage form ats in case
you need to use one. W e are not recom m ending any form at; you can go ahead w ith any of
the selected m essage form ats.
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W hy should w e use m icroservices?
Trem endous patterns and architectures have been explored w ith som e gaining
popularity; there are others, though, w hich are losing the battle of Internet traffic. W ith
each solution having its ow n advantages and disadvantages, it has becom e increasingly
im portant for com panies to quickly respond to fundam ental dem ands, such as scalability,
high perform ance, and easy deploym ent. A ny single aspect failing to be not fulfilled in a
cost-effective m anner could easily im pact large businesses negatively, m aking a likely
difference betw een a profitable and non-profitable venture.

This is w here w e see m icroservices com ing to the rescue of enterprise system
architects. They can ensure their designs against problem s quoted previously, w ith the
help of this architectural style. It is also im portant to consider the fact that this objective
is m et in a cost-effective m anner w hile respecting the factor of tim e involved.
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H ow  does the m icroservice architecture
w ork?
Until now , w e have discussed various things about the m icroservice architecture, and
w e can now  depict how  the m icroservice architecture w orks; w e can use any
com bination as per our design approach or bet to a pattern that w ould fit in it. H ere are
a few  points that favor the w orking of the m icroservice architecture:

It's program m ing of the m odern era, w here w e are expected to follow  all SO LID
principles. It's object-oriented program m ing (O O P).
It is the best w ay is to expose the functionality to other or external com ponents in a
w ay so that any other program m ing language w ill be able to use the functionality
w ithout adhering to any specific user interfaces, that it, services (w eb services,
A PIs, rest services, and so on).
The w hole system  w orks as per a type of collaboration that is not interconnected or
interdependent.
Every com ponent is liable for its ow n responsibilities. In other w ords, com ponents
are responsible for only one functionality.
It segregates code w ith a separation concept, and segregated code is reusable.
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A dvantages of m icroservices
N ow  let's try to quickly understand w here m icroservices takes a leap ahead of the SO A
and m onolithic architectures:

C ost effective to scale: You don't need to invest a lot to m ake the entire
application scalable. In term s of a Shopping cart, w e could sim ply load balance
the product search m odule and the order-processing m odule w hile leaving out less
frequently used operation services, such as inventory m anagem ent, order
cancellation, and delivery confirm ation.
C lear code boundaries: This action should m atch an organization's departm ental
hierarchies. W ith different departm ents sponsoring product developm ent in large
enterprises, this can be a huge advantage.
Easier code changes: The code is done in a w ay that it is not dependent on the
code of other m odules and is only achieving isolated functionality. If it w ere done
right, then the chances of a change in a m icroservice affecting another m icroservice
are very m inim al.
Easy deploym ent: Since the entire application is m ore like a group of ecosystem s
that are isolated from  each other, deploym ent could be done one m icroservice at a
tim e, if required. Failure in any one of these w ould not bring the entire system
dow n.
Technology adaptation: You could port a single m icroservice or a w hole bunch of
them  overnight to a different technology w ithout your users even know ing about it.
A nd yes, hopefully, you don't expect us to tell you that you need to m aintain those
service contracts, though.
D istributed system : This com es im plied, but a w ord of caution is necessary here.
M ake sure that your asynchronous calls are used w ell and synchronous ones are not
really blocking the w hole flow  of inform ation. Use data partitioning w ell. W e w ill
com e to this little later, so don't w orry for now .
Q uick m arket response: The w orld being com petitive is a definite advantage, as
otherw ise, users tend to quickly lose interest if you are slow  to respond to new
feature requests or adoption of a new  technology w ithin your system .
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SO A  versus m icroservices
You'll get confused betw een m icroservices and SO A if you don't have a com plete
understanding of both. O n the surface of it, m icroservices' features and advantages
sound alm ost like a slender version of SO A , w ith m any experts suggesting that there is,
in fact, no need for an additional term , such as m icroservices, and that SO A can fulfill
all the attributes laid out by m icroservices. H ow ever, this is not the case. There is
enough difference to isolate them  m iles apart technologically.

The underlying com m unication system  of SO A inherently suffers from  the follow ing
problem s:

The com m unication system  of SO A inherently suffers from  the fact that a system
developed in SO A depends upon its com ponents, w hich are interacting w ith each
other. So no m atter how  hard you try, it is eventually going to face a bottleneck in
the m essage queue.
A nother focal point of SO A is im perative m onogram m ing. W ith this, w e lose the
path to m ake a unit of code reusable w ith respect to O O P.

W e all know  how  organizations spend m ore and m ore on infrastructure. The bigger the
enterprise is, the m ore the com plex is the question of ow nership of the application being
developed. W ith an increasing num ber of stakeholders, it becom es im possible to
accom m odate all of their ever-changing business needs. This is w here m icroservices
clearly stands apart. A lthough cloud developm ent is not in the current scope of our
discussion, it w on't harm  us to say that the scalability, m odularity, and adaptability of
the m icroservice architecture can be easily extended further w ith the use of cloud
platform s. Tim e for a change.
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Prerequisites of the m icroservice
architecture
It is im portant to understand the resulting ecosystem  from  the m icroservice architecture
im plem entation. The im pact of m icroservices is not just preoperational in nature. So
profound w ill the changes in any organization opting for the m icroservice architecture
be that if they are not w ell prepared to handle it, it w on't be long before advantages turn
into disadvantages.

A fter the adoption of the m icroservice architecture is agreed upon, it w ould be w ise to
have the follow ing prerequisites in place:

D eploym ent and Q A : Requirem ents w ould becom e m ore dem anding, w ith a
quicker turnaround from  developm ent requirem ents. It w ould require you to deploy
and test as quickly as possible. If it is just a sm all num ber of services, then it
w ould not be a problem . H ow ever, if the num ber of services is going up, it could
very quickly challenge the existing infrastructure and practices. For exam ple, your
Q A and staging environm ent m ay no longer suffice to test the num ber of builds that
w ould com e back from  the developm ent team .
A collaboration platform  for developm ent and operations team : A s the
application goes to the public dom ain, it w on't be long before the age-old script of
D ev versus Q A is played out again. The difference this tim e w ould be that the
business w ill be at stake. So, you need to be prepared to quickly respond in an
autom ated m anner to identify the root cause w hen required.
A m onitoring fram ew ork: W ith the increasing num ber of m icroservices, you
w ould quickly need a w ay to m onitor the functioning and health of the entire system
for any possible bottlenecks or issues. W ithout any m eans of m onitoring the status
of the deployed m icroservices and the resultant business function, it w ould be
im possible for any team  to take a proactive deploym ent approach.

www.EBooksWorld.ir



www.EBooksWorld.ir



U nderstanding problem s w ith the
m onolithic architecture style
In this section, w e w ill discuss all the problem s w ith the m onolithic .N ET-stack-based
application. In a m onolithic application, the core problem  is this: scaling m onolithic is
difficult. The resultant application ends up having a very large code base and poses
challenges in regard to m aintainability, deploym ent, and m odifications.
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C hallenges in standardizing a
.N E T  stack
In m onolithic application technology, stack dependency stops the introduction of the
latest technologies from  the outside w orld. The present stack poses challenges as a w eb
service itself suffers from  som e challenges:

Security: There is no w ay to identify the user via w ebservices (no clear consensus
on a strong authentication schem e). Just im agine a banking application sending
unencrypted data containing user credentials w ithout encryption. A ll airports,
cafes, and public places offering free W i-Fi could easily becom e victim s of
increased identity theft and other cybercrim es.
R esponse tim e: Though the w eb services them selves provide som e flexibility in
the overall architecture, it quickly dim inishes due to the high processing tim e taken
by the service itself. So, there is nothing w rong w ith the w eb service in this
scenario. It is a fact that a m onolithic application involves huge code; com plex
logic m akes the response tim e of a w eb service high, and therefore, unacceptable.
Throughput rate: This is on the higher side, and as a result, ham pers subsequent
operations. A checkout operation relying on a call to the inventory w eb service that
has to search for a few  m illion records is not a bad idea. H ow ever, w hen the sam e
inventory service feeds the m ain product searching/brow sing for the entire portal,
it could result in a loss of business. O ne service call failure out of ten calls w ould
m ean a 10 percent low er conversion rate for the business.
Frequent dow ntim e: A s the w eb services are part of the w hole m onolith
ecosystem , they are bound to be dow n and unavailable each tim e there is an
upgrade or an application failure. This m eans that the presence of any B2B
dependency from  the outside w orld on the application's w eb services w ould
further com plicate decision-m aking, thereby seeking dow ntim e. This absolutely
m akes the sm aller upgrades of the system  look expensive; thus, it further increases
the backlog of the pending system  upgrades.
Technology adoption: In order to adopt or upgrade a technology stack, it w ould
require the w hole application to be upgraded, tested, and deployed, since m odules
are interdependent and the entire code base of the project is affected. Consider the
paym ent gatew ay m odule using a com ponent that requires a com pliance-related
fram ew ork upgrade. The developm ent team  has no option but to upgrade the
fram ew ork itself and carefully go through the entire code base to identify any code
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breaks preem ptively. O f course, this w ould still not rule out a production crash, but
this can easily m ake even the best of the architects and m anagers sw eat and lose
som e sleep.

Availability is a percentage of tim e during which a service is operating.

Response tim e is the tim e a service responds.

Throughput is the rate of processing requests.
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Fault tolerance
M onolithic applications have high m odule interdependency as they are tightly coupled.
The different m odules utilize functionality in such an intram odule m anner that even a
single m odule failure brings the system  dow n due to the cascading effect, w hich is very
sim ilar to dom inoes falling. W e all know  that a user not getting results for a product
search w ould be far less severe than the entire system  com ing dow n to its knees.

D ecoupling using w eb services has been traditionally attem pted at the architecture
level. For database-level strategies, A CID  has been relied upon for a long tim e. Let's
exam ine both these points further.

W eb services: In the current m onolithic application, custom er experience is
degraded due to this very reason. Even as a custom er tries to place an order,
reasons such as high response tim e of w eb services or W CF or even a com plete
failure of the services itself results in a failure to place the order successfully. N ot
even a single failure is acceptable as the users tend to rem em ber their last
experience and assum e a possible repeat. N ot only is this loss of possible sales,
but also loss of future business prospects. W eb services' failures can cause a
cascading failure in the system s that rely on them .
A C ID : A CID  is the acronym  for atom icity, consistency, isolation, and durability;
it's an im portant concept in databases. It is in place, but w hether it's a boon or bane
is to be judged by the sum  total of the com bined perform ance. It takes care of
failures at the database level, and there is no doubt that it does provide som e
insurance against the database errors that creep in. But at the sam e tim e, every
A CID  operation ham pers/delays operations by other com ponents/m odules. The
point at w hich it brings the system  w here it causes m ore harm  than benefit  needs to
be judged very carefully.
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Scaling
Factors such as availability of different m eans of com m unication, easy access to
inform ation, and open w orld m arkets are resulting in businesses grow ing rapidly and
diversifying at the sam e tim e. W ith this rapid grow th of business, there is an ever-
increasing need to accom m odate an increasing client base. Scaling is one of the biggest
challenges that any business faces w hile trying to cater for an increased user base.

Scalability is nothing but the capability of a system /program  to handle the grow th of
w ork better. In other w ords, scalability is the ability of a system /program  to scale.

Before starting the next section, let's discuss and understand scaling in detail, as this
w ill be an integral part of our exercise as w e w ork on transitioning from  m onolithic to
m icroservices.

Scalability of a system  is its capability to handle an increasing/increased load of w ork.
There are tw o m ain strategies or types of scalability in w hich w e can scale our
application.
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Vertical scaling or scale up
In vertical scaling, w e analyze our existing application to find out the parts of m odules
that cause the application to slow  dow n due to higher execution tim e. M aking the code
m ore efficient could be one strategy so that less m em ory is consum ed. This exercise of
reducing m em ory consum ption could be for a specific m odule or the w hole application.
O n the other hand, due to obvious challenges involved in this strategy, instead of
changing the application, w e could add m ore resources to our existing IT infrastructure,
such as upgrading the RA M  or adding m ore disk drives and so on. Both these paths in
vertical scaling have a lim it for the extent to w hich they could be beneficial. A fter a
specific point in tim e, the resulting benefit w ill plateau out. It is im portant here to keep
in m ind that this kind of scaling requires dow ntim e.
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H orizontal scaling or scale out
In horizontal scaling, w e dig deep into m odules that show  a higher im pact on the overall
perform ance for factors such as high concurrency; so this w ill enable our application to
serve our increased user base, w hich is now  reaching the m illion m ark. W e also
im plem ent load balancing to process a greater am ount of w ork. The option of adding
m ore servers to the cluster does not require dow ntim e, w hich is a definite advantage. It
differs from  case to case and it needs to be seen w hether all the additional cost of
pow er, licenses, and cooling is w orthw hile and up to w hat point.

Scaling will be covered in detail in C hapter 8, Scaling.
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D eploym ent challenges
The current application also has deploym ent challenges. It is designed as a m onolithic
application, and any change in the order m odule w ould require the entire application to
be deployed again. This is tim e-consum ing and the w hole cycle w ill have to be repeated
w ith every change. This m eans this could be a frequent cycle. Scaling could only be a
distant dream  in such a scenario.

A s discussed in scaling about current application having deploym ent challenges w hich
requires us to deploy the entire assem bly. The m odules are interdependent, and it is a
single assem bly application of .N ET. The deploym ent of the entire application in one go
also m akes it m andatory to test the entire functionality of our application. The im pact of
such an exercise w ould be huge:

H igh-risk deploym ent: D eploying an entire solution or application in one go
poses a high risk as all m odules are going to be deployed even for a single change
in one of the m odules.
H igher testing tim e: A s w e have to deploy the com plete application, w e w ill
have to test the functionality of the entire application. W e can't go live w ithout
testing. D ue to higher interdependency, the change m ight cause a problem  in som e
other m odule.
U nplanned dow ntim e: Com plete production deploym ent needs code to be fully
tested and hence w e need to schedule our production deploym ent. This is a tim e-
consum ing task that results in high dow ntim e. A lthough planned dow ntim e, during
this tim e, both business and custom ers w ill be affected due to the unavailability of
the system ; this could cause revenue loss to the business.
Production bugs: A bug-free deploym ent w ould be the dream  of any project
m anager. H ow ever, this is far from  reality and every team  dreads this very
possibility. M onolithic applications are no different from  this scenario and
productions bugs' resolution is easier said than done. The situation can only
becom e m ore com plex w ith som e previous bug getting unresolved.
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O rganizational alignm ent
In a m onolithic application, having a large code base is not the only challenge that you'll
face. H aving a large team  to handle such a code base is one m ore problem  that w ill
affect the grow th of the business and application.

Sam e goal: In a team , all the team  m em bers have the sam e goal, w hich is tim ely
and bug-free delivery at the end of each day. H ow ever, having a large code base
and current, the m onolithic architectural style w ill not be a com fortable feeling for
the team  m em bers. W ith team  m em bers being interdependent due to the
interdependent code and associated deliverables, the sam e effect that is
experienced in the code is present in the developm ent team  as w ell. H ere everyone
is just scram bling and struggling to get the job done. The question of helping each
other out or trying som ething new  does not arise. In short, the team  is not a self-
organizing team  anyw ay.

Roy O sherove defined three stages of a team  in his book, Team leader:

Survival phase: No tim e to learn

Learning phase: Learning to solve your own problem s

Self-organizing phase: Facilitate, experim ent

A different perspective: The developm ent team  takes too m uch tim e for
deliverables due to reasons such as feature enhancem ent, bug fixes, or m odule
interdependency stopping easy developm ent. The Q A team  is dependent upon the
developm ent team  and the dev team  has its ow n problem s. The Q A team  is stuck
once developers start w orking on bugs, fixes, or feature enhancem ents. There is no
separate environm ent or build available for Q A to proceed w ith their testing. This
delay ham pers overall delivery, and custom ers or end users w ould not get the new
features or fixes on tim e.
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M odularity
In respect to our m onolithic application, w here w e m ay have an O rder m odule, a change
in the m odule O rders affects the m odule Stock and so on. It is the absence of m odularity
that has resulted in such a condition.

This also m eans that w e can't reuse the functionality of a m odule w ithin another m odule.
The code is not decom posed into structured pieces, w hich could be reused to save tim e
and effort. There is no segregation w ithin the code m odules, and hence, no com m on
code is available.

Business is grow ing and its custom ers are grow ing by leaps and bounds. N ew  or
existing custom ers from  different regions have different preferences w hen it com es to
the use of the application. Som e like to visit the w ebsite, but others prefer to use m obile
apps. The system  is structured in a w ay that w e can't share the com ponents across a
w ebsite and a m obile app. This m akes introducing a m obile/device app for the business
a challenging task. Business is affected, as in such scenarios, the com pany loses out on
custom ers w ho prefer m obile apps.

The difficulty in replacing the com ponent's application using som e third-party libraries;
external system , such as paym ent gatew ays; and an external order-tracking system . It is a
tedious job to replace the old com ponents in the currently styled m onolithic
architectural application. For exam ple, if w e consider upgrading the library of our
m odule that is consum ing an external order-tracking system , then the w hole change
w ould prove to be very difficult. A lso, it w ould be an intricate task to replace our
paym ent gatew ay w ith another one.

In any of the preceding scenarios, w henever w e upgraded the com ponents, w e upgraded
everything w ithin the application, w hich called for a com plete testing of the system  and
required a lot of dow ntim e. A part from  this, the upgrade w ould possibly result in the
form  of production bugs, w hich w ould require you to repeat the w hole cycle of
developm ent, testing, and deploym ent.
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B ig database
O ur current application has a m am m oth database containing a single schem a w ith plenty
of indexes. This structure poses a challenging job w hen it com es dow n to fine-tuning the
perform ance:

Single schem a: A ll the entities in the database are clubbed under a single schem a
nam ed dbo. This again ham pers business due to the confusion w ith the single
schem a regarding various tables that belong to different m odules; for exam ple,
Custom er and Supplier tables belong to the sam e schem a, that is, dbo.
N um erous stored procedures: Currently, the database has a large num ber of
stored procedures, w hich also contain a sizeable chunk of the business logic. Som e
of the calculations are being perform ed w ithin the stored procedures. A s a result,
these stored procedures prove to be a baffling task to tend to w hen the tim e com es
to optim ize them  or break them  dow n into sm aller units.

W henever deploym ent is planned, the team  w ill have to look closely at every database
change. This again is a tim e-consum ing exercise and m any tim es w ould turn out to be
even m ore com plex than the build and deploym ent exercise itself.
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Prerequisites for m icroservices
To understand better, let's take up an im aginary exam ple of Flix O ne Inc. W ith this
exam ple as our base, let's discuss all the concepts in detail and see w hat it looks like to
be ready for m icroservices.

FlixO ne is an e-com m erce player (selling books) that is spread all over India. They are
grow ing at a very fast pace and diversifying their business at the sam e tim e. They have
built their existing system  on the .N ET fram ew ork, and it is a traditional three-tier
architecture. They have a m assive database that is central to this system , and there are
peripheral applications in their ecosystem . O ne such application is for their sales and
logistics team , and it happens to be an A ndroid app. These applications connect to their
centralized data center and face perform ance issues. FlixO ne has an in-house
developm ent team  supported by external consultants. Refer to the follow ing figure:

The preceding im age depicts a broader sense of our current application, w hich is a
single .N ET assem bly application. H ere w e have the user interfaces w e use for search,
order, products, tracking order, and checkout. N ow  check out the follow ing diagram :
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The preceding im age depicts our Shopping cart m odule only. The application is built
w ith C#, M VC5, and Entity Fram ew ork, and it has a single project application. This
im age is just a pictorial overview  of the architecture of our application. This
application is w eb-based and can be accessed from  any brow ser. Initially, any request
that uses the H TTP protocol w ill land on the user interface that is developed using
M VC5 and JQ uery. For cart activities, the UI interacts w ith the Shopping cart m odule,
w hich is nothing but a business logic layer that further talks w ith the database layer
(w ritten in C#); data is persisted w ithin the database (SQ L Server 2008R2).
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Functional overview  of the application
H ere w e are going to understand the functional overview  of the FlixO ne bookstore
application. This is only for the purpose of visualizing our application. The follow ing is
the sim plified functional overview  of the application until Shopping cart:

In the current application, the custom er lands on the hom e page, w here they see
featured/highlighted books. They have the option to search for a book item  if they do not
get their favorite one. A fter getting the desired result, the custom er can choose book
item s and add them  to their shopping cart. Custom ers can verify the book item s before
the final checkout. A s soon as the custom er decides to check out, the existing cart system
redirects them  to an external paym ent gatew ay for the specified am ount you need to pay
for the book item s in the shopping cart.

A s discussed previously, our application is a m onolithic application; it is structured to
be developed and deployed as a single unit. This application has a large code base that
is still grow ing. Sm all updates need to deploy the w hole application at once.
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Solutions for current challenges
Business is grow ing rapidly, so w e decide to open our e-com m erce w ebsite in 20 m ore
cities; how ever, w e are still facing challenges w ith the existing application and
struggling to serve the existing user base properly. In this case, before w e start the
transition, w e should m ake our m onolithic application ready for its transition to
m icroservices.

In the very first approach, the Shopping cart m odule w ill be segregated into sm aller
m odules, then you'll be able to m ake these m odules interact w ith each other as w ell as
external or third-party softw are:

This proposed solution is not sufficient for our existing application, though developers
w ould be able to divide the code and reuse it. H ow ever, the internal processing of the
business logic w ill rem ain the sam e w ithout any change in the w ay it w ould interact
w ith the UI or the database. The new  code w ill interact w ith the UI and the database
layer w ith the database still rem aining as the sam e old single database. W ith our
database rem aining undivided and as tightly coupled layers, the problem s of having to
update and deploy the w hole code base w ill still rem ain. So this solution is not suitable
for resolving our problem .
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H andling deploym ent problem s
In the preceding section, w e discussed the deploym ent challenges w e w ill face w ith
the current .N ET m onolithic application. In this section, let's take a look at how  w e can
overcom e these challenges by m aking or adapting a few  practices w ithin the sam e .N ET
stack.

W ith our .N ET m onolithic application, our deploym ent is m ade up of xcopy
deploym ents. A fter dividing our m odules into different subm odules, w e can adapt to
deploym ent strategies w ith the help of these. W e can sim ply deploy our business logic
layer or som e com m on functionality. W e can adapt to continuous integration and
deploym ent. The xcopy deploym ent is a process w here all the files are copied to
the server, m ostly used for w eb projects.
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M aking m uch better m onolithic
applications
W e understand all the challenges w ith our existing m onolithic application. W e have to
serve better w ith our new  grow th. A s w e are grow ing w idely, w e can't m iss the
opportunity to get new  custom ers. If w e m iss fixing any challenge, then w e w ould lose
business opportunities as w ell. Let's discuss a few  points to solve these problem s.
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Introducing dependency injections
O ur m odules are interdependent, so w e are facing issues such as reusability of code and
unresolved bugs due to changes in one m odule. These are deploym ent challenges. To
tackle these issues, let's segregate our application in such a w ay that w e w ill be able to
divide m odules into subm odules. W e can divide our Order m odule in such a w ay that it
w ould im plem ent the interface, and this can be initiated from  the constructor. H ere is a
sm all code snippet that show s how  w e can apply this in our existing m onolithic
application.

H ere is a code exam ple that show s our Order class, w here w e use the constructor
injection:

    namespace FlixOne.BookStore.Common
    {
        public class Order : IOrder
        {
            private readonly IOrderRepository _orderRepository;
            public Order(IOrderRepository orderRepository)
            {
                _orderRepository = orderRepository;
            }
            public OrderModel GetBy(Guid orderId)
            {
                return _orderRepository.Get(orderId);
            }
        }
    }

The inversion of control or IoC is nothing but a way in which objects do
not create other objects on whom  they rely to do their work.

In the preceding code snippet, w e abstracted our Order m odule in such a w ay that it could
use the IOrder interface. A fterw ard, our Order class im plem ents the IOrder interface, and
w ith the use of inversion of control, w e create an object, as this is resolved
autom atically w ith the help of inversion of control.

Furtherm ore, the code snippets of IOrderRepository and OrderRepository are as follow s:

    namespace FlixOne.BookStore.Common
    {
        public interface IOrderRepository
        {
            OrderModel Get(Guid orderId);
        }
    }
    namespace FlixOne.BookStore.Common
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    {
        public class OrderRepository : IOrderRepository
        {
            public OrderModel Get(Guid orderId)
            {
                //call data method here
                return new OrderModel
                {
                    OrderId = Guid.NewGuid(),
                    OrderDate = DateTime.Now,
                    OrderStatus = "In Transit"
                };
            }
        }
    }

H ere w e are trying to show case how  our Order m odule gets abstracted. In the preceding
code snippet, w e return default values for our order just to dem onstrate the solution to
the actual problem .

Finally, our presentation layer (the M VC controller) w ill use the available m ethods, as
show n in the follow ing code snippet:

    namespace FlixOne.BookStore.Controllers
    {
        public class OrderController : Controller
        {
            private readonly IOrder _order;
            public OrderController(IOrder order)
            {
                _order = order;
            }
            // GET: Order
            public ActionResult Index()
            {
                return View();
            }
            // GET: Order/Details/5
            public ActionResult Details(string id)
            {
                var orderId = Guid.Parse(id);
                var orderModel = _order.GetBy(orderId);
                return View(orderModel);
            }
        }
    }

The follow ing is a class diagram  that depicts how  our interfaces and classes are
associated w ith each other and how  they expose their m ethods, properties, and so on:
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H ere again, w e used the constructor injection, w here IOrder passed and got the Order class
initialized; hence, all the m ethods are available w ithin our controller.

By achieving this, w e w ould overcom e a few  problem s such as:

R educed m odule dependency: W ith the introduction of IOrder in our application,
w e are reducing the interdependency of the Order m odule. This w ay, if w e are
required to add or rem ove anything from /to this m odule, then other m odules w ould
not be affected, as IOrder is only im plem ented by the Order m odule. Let's say w e
w ant to m ake an enhancem ent to our Order m odule; it w ould not affect our
Stock m odule. This w ay, w e reduce m odule interdependency.
Introducing code reusability: If you are required to get the order details of any of
the application m odules, you can easily do so using the IOrder type.
Im provem ents in code m aintainability: W e have divided our m odules into
subm odules or classes and interfaces now . W e can now  structure our code in such
a m anner that all the types, that is, all the interfaces, are placed under one folder
and follow  the suit for the repositories. W ith this structure, it w ould be easier for
us to arrange and m aintain code.
O ur current m onolithic application does not have any kind of unit testing. W ith the
introduction of interfaces, w e can now  easily perform  unit testing and adopt the
system  of test-driven developm ent w ith ease.
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D atabase refactoring
A s discussed in the preceding section, our application database is huge and depends on
a single schem a. This huge database should be considered w hile refactoring. W e w ill go
for this as:

Schem a correction: In general practice (not required), our schem a depicts our
m odules. A s discussed in previous sections, our huge database has a single
schem a, that is dbo now , and every part of the code or table should not be related
to dbo. There m ight be several m odules that w ill interact w ith specific tables. For
exam ple, our Order m odule should contain som e related schem a nam e, such as Order.
So w henever w e need to use the table, w e can use them  w ith their ow n schem a
instead of a general dbo schem a. This w ill not im pact any functionality related to
how  data w ould be retrieved from  the database. But it w ill have structured or
arranged our tables in such a w ay that w e w ould be able to identify and correlate
each and every table w ith their specific m odules. This exercise w ill be very
helpful w hile w e are in the stage of transitioning of a m onolithic application to
m icroservices. Refer to the follow ing im age:

In the preceding figure, w e see how  the database schem a is separated logically. It is not
separated physically--our O rder Schem a and Stock Schem a belong to the sam e
database. So here w e separate the database schem a logically, not physically.

W e can also take an exam ple of our users: not all users are adm in or belong to a specific
zone, area, or region. But our user table should be structured in such a w ay that w e
should be able to identify the users by the table nam e or the w ay they are structured.
H ere w e can structure our user table on the basis of regions. W e should m ap our user
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table to a region table in such a w ay it should not im pact or lay any changes in the
existing codebase.

M oving business logic to code from  stored procedures: In the current database,
w e have thousands of lines Stored Procedure w ith a lot of business logic. W e
should m ove the business logic to our codebase. In our m onolithic application, w e
are using Entity Fram ew ork; here w e can avoid the creation of stored procedures.
W e can incorporate all of our business logic to code.
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D atabase sharding and partitioning
Betw een database sharding and partitioning, w e can go w ith database sharding, w here
w e w ill break it into sm aller databases. These sm aller databases w ill be deployed on a
separate server:

In general, database sharding is sim ply defined as a shared-nothing partitioning schem e
for large databases. This w ay, w e can achieve a new  level of high perform ance and
scalability. Sharding com es from  shard and spreading, w hich m eans dividing a database
into chunks(shards) and spreading to different servers.

The preceding diagram  is a pictorial overview  of how  our database is divided into
sm aller databases.Take a look at the follow ing diagram :
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D evO ps culture
In the preceding sections, w e discussed the challenges and problem s w ith the team .
H ere, w e propose a solution to the D evO ps team : the collaboration of the developm ent
team  w ith another operational team   should be em phasized. W e should set up a system
w here developm ent, Q A , and the infrastructure team  w ork in collaboration.
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A utom ation
Infrastructure setup can be a very tim e-consum ing job; developers w ould rem ain idle
w hile the infrastructure is being readied for them . H e or she w ill take som e tim e before
joining the team  and contributing. The process of infrastructure setup should not stop a
developer from  becom ing productive, as it w ould reduce overall productivity. This
should be an autom ated process. W ith the use of Chef or Pow erShell, w e can easily
create our virtual m achines and quickly ram p up the developer count as and w hen
required. This w ay, our developer can be ready to start the w ork from  day one of
joining the team .

Chef is a D evO ps tool that provides a fram ew ork to autom ate and m anage your
infrastructure.

Pow erShell can be used to create our A zure m achines and to setup TFS.
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Testing
W e are going to introduce autom ated testing as a solution to our prior problem s, those
w e faced w hile testing during deploym ent. In this part of the solution, w e have to divide
our testing approach as follow s:

A dopt Test-D riven D evelopm ent (TD D ). W ith TD D , a developer is required to
test his or her ow n code. The test is nothing but another piece of code that could
validate w hether the functionality is w orking as intended. If any functionality is
found to not satisfy the test code, the corresponding unit test fails. This
functionality can be easily fixed, as you know  this is w here the problem  is. In order
to achieve this, w e can utilize fram ew orks such as M S test or unit tests.
The Q A team  can use scripts to autom ate their tasks. They can create scripts by
utilizing Q TP or the Selenium  fram ew ork.

www.EBooksWorld.ir



www.EBooksWorld.ir



Versioning
The current system  does not have any kind of versioning system . So there is no w ay to
revert if som ething happens during a change. To resolve this issue, w e need to introduce
a version control m echanism . In our case, this should be either TFS or G it. W ith the use
of version control, w e can now  revert to our change in case it is found to break som e
functionality or introduce any unexpected behavior in the application. W e now  have the
capability of tracking the changes being done by the team  m em bers w orking on this
application, at an individual level. H ow ever, in the case of our m onolithic application,
w e did not have the capability of doing this.

www.EBooksWorld.ir



www.EBooksWorld.ir



D eploym ent
In our application, deploym ent is a huge challenge. To resolve this, w e introduce
C ontinuous Integration (C I). In this process, w e need to set up a CI server. W ith the
introduction of CI, the entire process is autom ated. A s soon as the code is checked in by
any team  m em ber, using version control TFS or G it, in our case, the CI process kicks
into action. It ensures that the new  code is built and unit tests are run along w ith the
integration test. In both the scenarios of a successful build or otherw ise, the team  is
alerted to the outcom e. This enables the team  to quickly respond to the issue.

N ext w e m ove to continuous deploym ent. H ere w e introduce various environm ents,
nam ely a developm ent environm ent, staging environm ent, Q A environm ent, and so on.
N ow  as soon as the code is checked in by any team  m em ber, CI kicks into action. It
invokes the unit/integration test suits, builds the system , and pushes it out to the various
environm ents w e have set up. This w ay, the turnaround tim e of the developm ent team  to
provide a suitable build for Q A is reduced to m inim al.
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Identifying decom position candidates
w ithin m onolithic
W e have now  clearly identified the various problem s that the current Flix O ne
application architecture and its resultant code is posing for the developm ent team . A lso,
w e understand w hich business challenges the developm ent team  is not able to take up
and w hy.

It is not that the team  is not capable enough--it is just the code. Let's m ove ahead and
check w hat w ould be the best strategy to zero in on for the various parts of the Flix O ne
application that w e need to m ove to the m icroservice-styled architecture. You should
know  that you have a candidate w ith a m onolith architecture, w hich poses problem s in
one of the follow ing areas:

Focused deploym ent: A lthough this com es at the final stage of the w hole process,
it dem ands m ore respect and rightly so. It is im portant to understand here that this
factor shapes and defines the w hole developm ent strategy from  the very initial
stages of identification and design. H ere's an exam ple of this: the business is
asking you to resolve tw o problem s of equal im portance. O ne of the issues m ight
require you to perform  testing for m any m ore associated m odules, and the
resolution for the other m ight allow  you to get aw ay w ith lim ited testing. H aving to
m ake such a choice w ould be w rong. A business shouldn't have the option of
m aking such a choice.
C ode com plexity: H aving sm aller team s is the key here. You should be able to
assign sm all developm ent team s for a change that is associated w ith a single
functionality. Sm all team s com prise one or tw o m em bers. A ny m ore than this and
the need for a project m anager should ring a bell in your ears. This m eans that
som ething is m ore interdependent across m odules than it should be.
Technology adoption: You should be able to upgrade com ponents to a new er
version or a different technology w ithout breaking stuff. If you have to think about
the com ponents that depend on it, you have m ore than one candidate. Even if you
have to w orry about the m odules that this com ponent depends upon, you still have
m ore than one candidate. I rem em ber one of m y clients w ho had a dedicated team
to test out w hether the technology being released w as a suitable candidate for their
needs. I learned later that they w ould actually port one of the m odules and m easure
the perform ance im pact, effort requirem ent, and turnaround tim e of the w hole
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system . I don't agree w ith this, though.
H igh resources: Everything in a system  from  m em ory, CPU tim e, and I/O
requirem ents should be considered a m odule in m y opinion. If any one of the
m odules spends m ore tim e, and or m ore frequently, it should be singled out. In any
operation that involves higher than norm al m em ory, the processing tim e blocks the
delay and I/O  keeps the system  w aiting; this w ould be good in our case.
H um an dependency: If m oving team  m em bers across m odules seem s like a
herculean task that requires hand over, you have m ore candidates. D evelopers are
sm art, but if they have to struggle w ith large system s to get productive, it is not
their fault. Break the system  dow n into sm aller units and you w ill have productive
developers m ore easily.
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Im portant m icroservices advantages
W e have perform ed the first step of identifying our candidates for m oving to
m icroservices. It w ill be w orthw hile going through the corresponding advantages that
m icroservices provide.
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Technology independence
W ith each one of the m icroservices being independent of each other, w e now  have the
pow er to use different technologies for each m icroservice. The paym ent gatew ay could
be using the latest .N ET fram ew ork, w hereas the product search could be shifted to any
other program m ing language.

The entire application could be based on an SQ L server for data storage, w hereas the
inventory could be based on N oSQ L. The flexibility is lim itless.
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Interdependency rem oval
Since w e try to achieve isolated functionality w ithin each m icroservice, it is easy to add
new  features, fix bugs, or upgrade technology w ithin each one. This w ill have no im pact
on other m icroservices. N ow  you have vertical code isolation that enables you to
perform  all of this and still be as fast w ith the deploym ents.

This doesn't end here. The Flix O ne team  now  has the ability to release a new  option for
the paym ent gatew ay alongside the existing one. Both the paym ent gatew ays could
coexist till the tim e both the team  and the business ow ners are satisfied w ith the reports.
This is w here the im m ense pow er of this architecture com es into play.
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A lignm ent w ith business goals
It is not necessarily a forte of business ow ners to understand w hy a certain feature
w ould be difficult or tim e-consum ing to im plem ent. Their responsibility is to keep
driving the business and keep grow ing it. The developm ent team  should becom e a pivot
to the business goal and not a roadblock.

It is extrem ely im portant to understand that the capability to quickly respond to business
needs and adapt to m arketing trends is not a by-product of m icroservices, but their goal.

The capability to achieve this w ith sm aller team s only m akes it m ore suitable to
business ow ners.
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C ost benefits
Each m icroservice becom es an investm ent for the business since it can easily be
consum ed by other m icroservices w ithout having to redo the sam e code again and again.
Every tim e a m icroservice is reused, tim e is saved by avoiding the testing and
deploym ent of that part.

User experience is enhanced since the dow ntim e is either elim inated or reduced to
m inim al.
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E asy scalability
W ith vertical isolation in place and each m icroservice rendering a specific service to
the w hole system , it is easy to scale. N ot only is the identification easier for the scaling
candidates, but the cost is less. This is because w e only scale a part of the w hole
m icroservice ecosystem .

This exercise can be cost-intensive for the business; hence, prioritization of w hich
m icroservice should be scaled first can now  be a choice of the business team . This
decision no longer has to be a choice of the developm ent team .
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Security
Security is sim ilar to w hat is provided by the traditional layered architecture;
m icroservices can be secured as easily. D ifferent configurations can be used to secure
different m icroservices. You can have a part of the m icroservice ecosystem  behind
firew alls and another part to user encryption. W eb-facing m icroservices could be
secured differently from  the rest of the m icroservices. You can suit your needs as per
choice, technology, or budget.
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D ata m anagem ent
It is com m on to have a single database in the m ajority of m onolithic applications. A nd
alm ost alw ays, there is a database architect or a designated ow ner responsible for its
integrity and m aintenance. The path to any application enhancem ent that requires a
change in the database has to go through this route. For m e, it has never been an easy
task. This further slow s dow n the process of application enhancem ent, scalability, and
technology adoption.

Because each m icroservice has its ow n independent database, the decision-m aking
related to changes required in the database can be easily delegated to the respective
team . W e don't have to w orry about the im pact on the rest of the system , as there w ill not
be any.

A t the sam e tim e, this separation of the database brings forth the possibility for the team
to becom e self-organized. They can now  start experim enting.

For exam ple, the team  can now  consider using the A zure Table storage or A zure Redis
Cache to store the m assive product catalog instead of the database, as is being done
currently. N ot only can the team  now  experim ent, their experience could easily be
replicated across the w hole system  as required by other team s in the form  of a schedule
convenient to them .

In fact, nothing is stopping the FlixO ne team  now  from  being innovative and using
a m ultitude of technologies available at the sam e, then com paring perform ance in the
real w orld and m aking a final decision. O nce each m icroservice has its ow n D B, this is
how  Flix O ne w ill look:
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Integrating m onolithic
W henever a choice is m ade to m ove aw ay from  the m onolithic architecture in favor of
the m icroservice-styled architecture, the tim e and cost axis of the initiative w ould pose
som e resistance. Business evaluation m ight rule against m oving som e parts of the
m onolithic application that do not m ake a business case for the transition.

It w ould have been a different scenario if w e w ere developing the application from  the
beginning. H ow ever, this is also the pow er of m icroservices in m y opinion. A correct
evaluation of the entire m onolithic architecture can safely identify the m onolithic parts
to be ported later.

H ow ever, to ensure that these isolated parts do not cause a problem  to other
m icroservices in future, w e m ust take one safeguard against the risk.

The goal for such parts of the m onolithic application is to m ake them  com m unicate in the
sam e w ay as that of other m icroservices. D oing this involves various patterns and you
utilize the technology stack in w hich the m onolithic application w as developed.

If you use the event-driven pattern, m ake sure that the m onolithic application can publish
and consum e events, including a detailed m odification of the source code to m ake these
actions possible. This process can also be perform ed by creating an event proxy that
publishes and consum es events. The event proxy can then translate these events to the
m onolithic application in order to keep the changes in the source code to a m inim um .
Ultim ately, the database w ould rem ain the sam e.

If you plan to use the A PI gatew ay pattern, be sure that your gatew ay is able to
com m unicate w ith the m onolithic application. To achieve this, one option is to m odify
the source code of the application to expose RESTful services that can be consum ed
easily by the gatew ay. This can also be achieved by the creation of a separate
m icroservice to expose the m onolithic application procedures as REST services. The
creation of a separate m icroservice avoids big changes in the source code. H ow ever, it
dem ands the m aintenance and deploym ent of a new  com ponent.
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Sum m ary
In this chapter, w e discussed w hat the m icroservice architectural style is in detail, its
history, and how  it differs from  its predecessors: m onolithic and SO A . W e further
defined the various challenges that m onolithic faces w hen dealing w ith large system s.
Scalability and reusability are som e definite advantages that SO A provides over
m onolithic. W e also discussed the lim itations of the m onolithic architecture, including
scaling problem s, by im plem enting a real-life m onolithic application. The m icroservice
architecture style resolves all these issues by reducing code interdependency and
isolating the dataset size that any one of the m icroservices w orks upon. W e utilized
dependency injection and database refactoring for this. W e further explored autom ation,
CI, and deploym ent. These easily allow  the developm ent team  to let the business
sponsor choose w hat industry trends to respond to first. This results in cost benefits,
better business response, tim ely technology adoption, effective scaling, and rem oval of
hum an dependency.

In the next chapter, w e w ill go ahead and transition our existing application to the
m icroservice-style architecture and put our know ledge to a real test.
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