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m aintains his w eekly blog at http://ganesansenthilvel.blogspot.in. H e has published double
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industry certifications in Big D ata, M icrosoft (M CP, M CA D ), and the financial
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W riting this book was a rew arding experience with a high degree of learning. I
highly appreciate the sacrifices of m y w ife, H em a, and m y boys, Vaishak and
Vishwak, while I worked on the book. I'm  blessed with the support of m y parents,
friends, and m entors. Big thanks go out to the Packt team .

 

O vais M ehboob A hm ed K han is a seasoned program m er and solution architect w ith
m ore than 14 years of softw are developm ent experience. H e has w orked in different
organizations across Pakistan, the USA , and the M iddle East. Currently, he is
w orking for a governm ent entity based in D ubai, and also provides consultancy
services to a M icrosoft gold partner firm  based in N ew  Jersey.

H e is a M icrosoft M V P in Visual Studio and D evelopm ent Technologies and
specializes m ainly in M icrosoft .N ET, C loud, and W eb developm ent. H e is a prolific
w riter and has published num erous technical articles on different w ebsites, such as
M SD N , TechN et, D Zone, and so on; he also has a personal blog at http://O vaisM ehboob.co
m  and is an author of another book nam ed as JavaScript for .NET D evelopers,
published by Packt. H e is an active speaker and group leader of M icrosoft
D evelopers UA E M eetup, M icrosoft Technology Practices, and D evelopers and
Enterprise Practices user groups, and has presented various technical sessions at
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Preface
This book contains various topics for the developm ent of enterprise applications
architecture for diversified applications. W hether itôs a layered architecture, service-
oriented architecture, m icroservices architecture, or a cloud-specific solution, you
w ill learn best practices in developing enterprise application architecture w ith .N ET
Core. It also covers em erging fields, such as D evO ps and Big D ata, for the broader
perspective.
This book starts w ith a brief introduction to enterprise architecture (EA ) and the key
com ponents in EA practice. It then takes you through the SO LID  principles and design
patterns in softw are developm ent and explains the various aspects of distributed
com puting to keep your applications efficient and scalable. These chapters act as a
catalyst to start the practical im plem entation for the designing and developm ent of
applications using various architectural approaches. G radually, you w ill explore
different approaches to im plem ent security in your applications and explore various
authentication m odels and authorization techniques. In the end, you w ill learn the
concepts of the em erging fields and practices of D evO ps, Containerization, B ig D ata,
A rtificial Intelligence, and m ore.

www.EBooksWorld.ir



W hat this book covers
C hapter 1, Enterprise Architecture C oncepts, helps you understand the fundam ental
concepts of enterprise architecture and its related business need and benefits. A s the
best practice in the industry, enterprise architecture is expected to have the
responsibility to perform  the strategic steps in alignm ent w ith the business vision. A n
enterprise architecture has few  strong fundam ental blocks, nam ely, agility, durability,
efficiency, and effectiveness. A n enterprise architecture is the discipline of
addressing business needs w ith people, process, and technology, w ith the definition
of  purpose, intent, and structure of enterprise applications.

C hapter 2, Principles and Patterns, provides an introduction to SO LID  principles and
design patterns, but also provides C# .N ET C ore-based im plem entations to som e of
the fam ous design patterns, including G oF patterns and D ependency Injection.

C hapter 3, D istributed Com puting, explains that the reader w ill get an opportunity to
understand the fundam entals of this com puting and application in the enterprise
w orld. It starts from  the definition, follow ed by its core characteristics, such as
concurrency, scalability, transparency, security, and m ore. In the m odern w orld,
distributed com puting plays a vital role.

C hapter 4, Software D evelopm ent Life C ycle, covers SD LC, w hich is a term  used in
system s engineering, inform ation system s, and softw are engineering as a process.
This tutorial elaborates on various m ethodologies, such as W aterfall, Spiral, A gile,
and so on. A t the end of this chapter, you w ill understand the fundam ental concepts of
Enterprise A rchitecture and its related business needs and benefits. It has started
from  the traditional W aterfall m odel and traversed through m ulti-iteration Spiral
m odel, trendy A gile m odel w ith the specific Scaled A gile Fram ew ork (SA Fe). O n
traversing through various tim elines and related m ethodologies, it has been easy to
understand the necessity of the im provem ent and related adoption.

C hapter 5, Enterprise Practices in Softw are D evelopm ent, explains the enterprise
practices in the softw are developm ent life cycle w ith the popular A LM  tools and
techniques. A fter reading this chapter, the reader w ill know  different w ays
to m easure the perform ance of .N ET Core applications and see how  enterprises can
create their ow n custom  project tem plates using the .N ET CLI tool.

C hapter 6, Layered Approach to Solution Architecture, teaches you a few  best
practices that can be used w hile designing n-tier architecture. W e w ill im plem ent a
few  patterns, such as Repository, Unit of W ork, and Factory, in the data access layer
that decouples the dependencies and uses them  in business layer for database
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m anipulation. W e w ill explore certain benefits of keeping entities and other helper
classes in the com m on layer, w hich can be used throughout the layers and, in the
service layer, w e w ill develop few  controllers to show  how  business m anagers can
be developed and injected. W e w ill also learn how  logging and exception handling
can be im plem ented and, finally, in the presentation layer, w e w ill use A ngular 2 as a
frontend fram ew ork to bring responsive user experience.

C hapter 7, SO A Im plem entation with .N ET C ore, talks about taking the top-dow n
approach, taking you from  theoretical aspects to im plem entation-related inform ation.
It introduces how  to approach a SO A platform  from  an enterprise architecture
perspective, how  to m odel an architecture in step-by-step approach, and w hat
elem ents to look for and take care of at the tim e of im plem entation of a SO A
architecture.

C hapter 8, C loud-Based Architecture and Integration w ith .NET C ore, teaches you
about cloud com puting and using M icrosoft A zure as the cloud platform . W e w ill
focus on A zure A pp Services and see how  sim ply w e can develop and deploy .N ET
C ore applications on the cloud. Scalability is an essential key, and w e w ill learn how
easy it is to scale out or scale up our applications running on A zure follow ing w ith
the techniques to increase perform ance. Finally, you w ill learn about logging and
m onitoring options in A zure and see how  w e can use A pplication Insights w ith w eb
applications running on the cloud to m onitor application perform ance.

C hapter 9, M icroservices Architecture, builds on SO A concepts and architectural
artifacts and utilizes the right inform ation from  the cloud-based architecture and fits it
to the right level to design the m icroservices-based architecture. W e w ill design a
high-level architecture using m icroservices and introduce you to som e of the key
elem ents from  A zure-based offerings in order to design a sam ple serverless
architecture.

C hapter 10, Security Practices with .N ET C ore, teaches you about the security
fram ew orks A SP.N ET Core Identity and IdentityServer4 in order to handle easy and
com plex scenarios, custom ize and extend the existing Identity m odel using Entity
Fram ew ork C ore, and use m iddlew are to authenticate users using Facebook, 2FA ,
and O penID  C onnect. M oreover, w e w ill develop a basic Central A uthentication
System  (C A S) that provides m ultiple applications to connect using the sam e protocol
and im plem ent single sign-on. You w ill also learn different techniques of securing
W eb A PI and M VC C ontrollers and A ctions using attributes, or im peratively by
w riting custom  code and then, finally, w e w ill discuss how  w e can store application
secrets using user secrets.

C hapter 11, M odern AI O fferings by M icrosoft, explains the em erging architecture
practices of the industry in a succinct and concise w ay w ith .N ET C ore environm ent.
In the softw are industry, things can change quickly. You w ill learn D evO ps concepts
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as w ell as the im plem entation of a sim ple m icroservices-based architecture in depth
using D ocker-based containers, and deploy them  onto the A zure cloud using the
relevant A zure offerings for the m ulti-container based im plem entation. The chapter
covers virtual m achines and containerization, D ocker, D evO ps, C ontinuous
Integration and Continuous D elivery, sam ple app based on D ocker containers, Big
D ata in M icrosoft, B usiness Intelligence (B I), and an introduction to A rtificial
Intelligence (A I).
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W hat you need for this book
D evelopm ent Environm ent: Visual Studio 2015/2017 Com m unity Edition
Execution Environm ent: .N ET Core
O S Environm ent: O racle VM  VirtualBox w ith W indow s or Linux
M icrosoft A zure A ccount
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W ho this book is for
This book assum es that the readers are either senior developers or softw are solution
architects w ho w ant to design and develop enterprise applications w ith .N ET Core
as the developm ent fram ew ork and quickly get their hands on enterprise architecture,
patterns, SO A , and m icroservices follow ing the .N ET Core in the cloud.

W ith this book, you w ill get to know  m odern architectures and patterns in a
sum m arized form  w ithin a short period of tim e.
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C onventions
In this book, w e follow  the C# coding style as is follow ed by the .N ET C ore
com m unity here: https://github.com /dotnet/corefx/blob/m aster/D ocum entation/coding-guidelines/coding-style.
m d.

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:
"Logging can be enabled by injecting the ILoggerFactory instance through the Configure
m ethod of the Startup class, and then using that to add providers."

A block of code is set as follow s:

    using System;

    namespace Chapter2.SRP.Decorator 
    { 
      public class Student 
      { 
        public string Name; 
        public string Id; 
        public DateTime DOB; 

      } 
    }

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

yum install -y gcc-c++ make

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: "Logic
A pp can be created by selecting the W eb + M obile option in the search pane and by
then selecting the Logic A pp option."

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 .
packtpub.com . If you purchased this book elsew here, you can visit http://w w w .packtpub.com /su
pport 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 / UnR arX  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/E
nterprise-A pplication-A rchitecture-w ith-N ET-C ore. W e also have other code bundles from  our
rich catalog of books and videos available at https://github.com /PacktPublishing/. C heck them
out!
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D ow nloading the color im ages of this
book
W e also provide you w ith a PD F file that has color im ages of the
screenshots/diagram s used in this book. The color im ages w ill help you better
understand the changes in the output. You can dow nload this file from  https://w w w .packtpu
b.com /sites/default/files/dow nloads/EnterpriseA pplicationA rchitecturew ithN ETC ore_C olorIm ages.pdf.
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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. B y 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.
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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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E nterprise A rchitecture C oncepts
This section starts w ith the core concepts and fram ew orks of the industry-w ide
adopted Enterprise A rchitecture (E A ). EA  is an industry fram ew ork to align the
enterprise w ith the execution of disruptive and em erging changes. Strategically, it
supports the targeted (or) desired vision and outcom es of the business. By design, EA
is the fundam ental block of the business, dom ain, and technology vision of an
enterprise.

By the end of the chapter, you w ill understand the fundam ental concepts of enterprise
architecture, and its related business needs and benefits.

In this chapter, w e w ill cover the follow ing topics:

Understanding the definition of an enterprise architect and their related
stakeholders
K now ing the real need of Enterprise A rchitecture to attain business benefits
K now ing the clear segregation betw een Solution A rchitecture and Enterprise
A rchitecture
D etails of four segregation types of Enterprise A rchitecture
Understanding the com m only know n EA Fram ew orks--T he O pen G roup
A rchitecture Fram ew ork (TO G A F) and Zachm an
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W hy do w e need E nterprise
A rchitecture?
A s this book is focused on the enterprise level, it is expected to provide a few  core
points to understand enterprise architecture easily.

In m y personal experience, it w as confusing to understand the role of an enterprise
architect because people used to refer to so m any architectural roles and term s, such
as architect, solution architect, enterprise architect, data architect, blueprint, system
diagram , and so on. M y w ork experience clarified the underlying concepts and
m otivated m e to w rite this section.

In general, the industry perception is that an IT architect role is to draw  a few  boxes
w ith a few  suggestions; the rest is w ith the developm ent com m unity. They feel that the
architect role is quite easy, just draw ing a diagram  and not doing anything else. A s
said earlier, it is com pletely a perception of a few  associates in the industry. This
perception leads m e to a different view  about the architecture role:

H ow ever, m y enterprise architect job has cleared this perception and I understand the
true value of an enterprise architect.
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D efinition of E nterprise A rchitecture
In sim ple term s, an enterprise is nothing but hum an endeavor. The objective of an
enterprise is w here people are collaborating for a particular purpose supported by a
platform . Let m e explain w ith an exam ple of an online e-com m erce com pany.
Em ployees of that com pany are people w ho w ork together to produce the firm 's
profits using their various platform s, such as infrastructure, softw are, equipm ent,
building, and so on.

Enterprise has the structure/arrangem ents of all these pieces/com ponents to build the
com plete organization. This is the exact place w here enterprise architecture plays its
key role. Every enterprise has an enterprise architect.

EA is a process of architecting that applies the discipline to produce the prescribed
output com ponents. This process needs experience, skill, discipline, and
descriptions. Consider the follow ing im age, w here EA anticipates the system  in tw o
key states:

Every enterprise needs an enterprise architect, this is not optional. Let m e give a
sim ple exam ple. W hen you need a car for business activities, you have tw o choices,
either drive yourself or rent a driver. Still, you w ill need the driving capability to
operate the car. EA is pretty sim ilar to this.

A s depicted in the preceding diagram , EA anticipates the system  in tw o key states,
w hich are as follow s:

H ow  it currently is
H ow  it w ill be in the future

Basically, they w ork on options/alternatives to m ove from  the current to a future state
of an enterprise system . In this process, Enterprise A rchitecture does the follow ing:

Creates the fram ew orks to m anage the architecture
D etails the descriptions of the architecture
Road m aps to lay the best w ay to change/im prove the architecture
D efines constraints/opportunities
A nticipates the costs and benefits
Evaluates the risks and values
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In this process of architecting, the system  applies the discipline to produce the
prescribed output com ponents.
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Stakeholders of E nterprise
A rchitecture
Enterprise A rchitecture is so special because of its holistic view  of m anagem ent and
evolution of an enterprise holistically. It has a unique com bination of
specialist technologies, such as architecture fram ew orks and design pattern practices.

Such a special EA  has the follow ing key stakeholders/users in its ecosystem :

S.N o. Stakeholders O rganizational actions

1 Strategic planner
Capability planning
Set strategic direction
Im pact analysis

2 D ecision m akers

Investm ent
D ivestm ent
A pprovals for the project
A lignm ent w ith strategic direction

3 A nalyst
Q uality assurance
Com pliance
A lignm ent w ith business goals

4 Project m anagers
Solution developm ent
Investigate opportunities
A nalysis of existing options
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B usiness benefits
Though m any organizations intervened w ithout EA s, every firm  has the strong belief
that it is better to architect before creating any system . It is integrated in a coherent
fashion w ith a proactively designed system  instead of a random  ad hoc and
inconsistent m ode.

In term s of business benefits, cost is the key factor in the m eaning of R eturn on
Investm ent (R oI). That is how  the industry business is driven in this highly
com petitive IT w orld. EA has the opportunity to prove its value for its ow n
stakeholders w ith three m ajor benefits, ranging from  tactical to strategic positions.
They are as follow s:

Cost reduction by technology standardization
Business Process Im provem ent (BPI)
Strategic differentiation

G artner's research paper on TCO : The First Justification for
Enterprise IT Architecture by Colleen Young is a good reference to
justify the business benefits of an Enterprise Architecture.
Check out https://w w w.gartner.com /doc/388268/enterprise-architecture-benefits-justific
ation for m ore inform ation.

In the grand schem e of cost saving strategy, technology standardization adds a lot of
efficiency to create indirect benefits. Let m e share m y experience in this space. In one
of m y earlier legacy organizations, it w as noticed that the variety of technologies and
products w ere built to serve the business purpose due to historical acquisitions and
m ergers.

A ll businesses have processes; a few  life exam ples are credit card processing,
em ployee on-boarding, student enrollm ent, and so on. In this m ethodology, there are
people involved w ith few  steps for the particular system  to get things done. D uring
rapid business grow th, the processes becom e chaotic, w hich leads to duplicate
efforts across departm ents. In turn, stakeholders do not leverage the collaboration
and cross learning.

BPI is an industry approach that is designed to support the enterprise for the
realignm ent of the existing business operational process into the significantly
im proved process. It helps the enterprise to identify and adopt in a better w ay using
industry tools and techniques.
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B PI w as originally designed to induce a drastic, gam e-changing effect on enterprise
perform ance instead of bringing changes in increm ental steps.

In the current, highly com petitive m arket, Strategic D ifferentiation efforts m ake
a firm  create the perception in custom ers m inds of receiving som ething of greater
value than is offered by the com petition. A n effective differentiation strategy is the
best tool to highlight a business's unique features and m ake it stand out from  the
crow d.

A s the outcom e of strategic differentiation, the business should realize the benefits of
Enterprise A rchitecture investm ent. A lso, it m akes the business institute new  w ays of
thinking to add new  custom er segm ents along w ith new  m ajor com petitive strategies.
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K now ing the role of an architect
W hen I planned to sw itch m y career to the architecture track, I had too m any
questions in m ind. People w ere referring to so m any titles in the industry, such as
architect, solution architect, enterprise architect, data architect, infra architect, and so
on that I didn't know  w here exactly do I needed to start and end. The industry had so
m any confusions to opt for. To understand it better, let m e give m y ow n w ork
experience as the best use cases.

In the IT industry, tw o higher-level architects are nam ed as follow s:

Solution architect (SA )
Enterprise architect (EA )

In m y view , Enterprise A rchitecture is a m uch broader discipline than Solution
A rchitecture, w ith the sum  of Business A rchitecture, A pplication A rchitecture,
D ata A rchitecture, and Technology A rchitecture. It w ill be covered in detail in the
subsequent section:

SA is focused on a specific solution and addresses the technological details that are
com piled to the standards, roadm aps, and strategic objectives of the business. In
com parison w ith SA , EA  is a m ore senior level. In general, EA  takes a strategic,
inclusive, and long term  view  of goals, opportunities, and challenges facing the
com pany. H ow ever, SA  is assigned to a particular project/program  in an enterprise to
ensure technical integrity and consistency of the solution at every stage of its life
cycle.
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R ole com parison betw een E A  and SA
Let m e explain the w orking experiences of tw o different roles--EA and SA . W hen I
played the SA role for an Internet based telephony system , m y role w as to build tools,
such as code generation, autom ation, and so on around the existing telephony system .
It needed the skill set of the M icrosoft platform  technology and telephony dom ain to
understand the existing system  in a better w ay and then provide better solutions to
im prove the productivity and perform ance of the existing ecosystem . I w as not really
involved in the enterprise-level decision m aking process. Basically, I w as pretty
m uch like an individual contributor to building effective and efficient solutions to
im provise the current system .

A s the second job, let m e share m y experience in the EA role for a leading financial
com pany. The job w as to build the enterprise data hub using em erging big data
technology.
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D egree of C om parisons
If w e plot EA versus SA graphically, EA needs higher degree of strategy focus and
technology breath, as depicted in the follow ing im age:

In term s of roles and responsibilities, EA  and SA differ in their scope. Basically, the
SA scope is lim ited w ithin a project team  and the expected delivery is to m ake the
system  quality of the solution for the business. A t the sam e tim e, the EA scope is
beyond SA by identifying or envisioning the future state of an organization.

W ith the degree of experience, expertise, responsibility, and m uch m ore. EA  is
superior to SA . EA has the vision of end-to-end broader system  know ledge; but SA is
bound to a specific problem  statem ent. In term s of enterprise role, EA role is pretty
close to Chief A rchitect, w hereas SA is at the Senior A rchitect level.

www.EBooksWorld.ir



C om m only know n E A  Fram ew orks
In the real-w orld scenario, the Enterprise A rchitecture Fram ew ork (EA F) inspires
softw are developm ent processes in the industry. It is essential to fulfill the m ission of
the associated enterprise.

In a nutshell, EA  serves as the blueprint for the system  and the project that develops
it. A n EA F can describe the underlying infrastructure, thus providing the groundw ork
for the hardw are, softw are, and netw orks to w ork together.

W ith the usage of EA F, the organization w ill be in a situation to understand and
analyze the w eaknesses or inconsistencies to be identified and addressed. A s per the
fundam entals of com puting, a fram ew ork is often a layered structure indicating w hat
kind of program s can or should be built, and how  they w ill interrelate.

To m y know ledge, there are a few  established EA Fs available in the industry today.
Som e of them  w ere developed for a very specific area, w hereas others have
a broader coverage w ith com plete functionality.

In m y view , there are tw o com m on types of EA Fs used in the industry, w hich are as
follow s:

G eneral Purpose Fram ew ork
D om ain Specific Fram ew ork
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G eneral Purpose Fram ew orks
A s the nam e describes, these fram ew orks are designed by being agnostic to any
specific im plem entation. They have no specific business drivers in term s of an
enterprise specific scenario, but rather, they are capability based. Som e of the w ell-
know n general purpose EA Fram ew orks are TO G A F and Zachm an.
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D om ain Specific Fram ew orks
A s self-described, these fram ew orks are derived from  the com m on EA effort, in turn
referred to as dom ain specific. B y design, they are derived w ith a predefined set of
business conditions and concerns because they m ay have originated from  an
Enterprise A rchitecture team  or process im provem ent effort. O n rolling out to the
industry, these fram ew orks are m ostly driven by governm ent agencies or other
geographies.

Based on the types of industry of the EA Fram ew orks, the type charter is depicted as
follow s:

By design, the EA  Fram ew ork provides a conceptual fram ew ork to explain the
follow ing:

H ow  the key term s are related to each other conceptually for architectural
description
The follow ing are the num ber of scenarios for the enterprise architectural
activities during the softw are life cycle:

Evolutionary system
Existing architecture
A rchitectural evaluation

The role of the stakeholders in the creation and use of an architecture
description

In this book, w e w ill cover the foundations of tw o com m only know n, general purpose
EA Fram ew orks, w hich are as follow s:

TO G A F
Zachm an Fram ew ork

W e w ill look into their details after the layers of Enterprise A rchitecture section as
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follow s:
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A rchitecture segregation
In 1992, Steven H . Spew ak defined Enterprise A rchitecture Planning (E A P) as the
process of defining architectures for the use of inform ation in support of the business
and the plan for im plem enting those architectures.

In highly distributed com puting, a layered architecture is recom m ended for a sim ple
reason--to allocate the different responsibilities of the system  to the respective
layers. W ith the sam e principle, Enterprise A rchitecture is built on the sam e layer
design concept. It is inspired w ith the idea to execute the relevant processes and
services of the layer and its related com ponents. Take a look at the follow ing im age:

A s defined in the preceding im age, each layer, nam ely Business, D ata, A pplication,
and Technology, is designed to delegate its execution to the underlying layer. It
m eans that the top layer, Business, is coarse-grained level, w hereas the bottom  layer,
Technology, is a fine-grained level.
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B usiness A rchitecture
Business A rchitecture is nothing but a blueprint of the enterprise. It helps you
understand the organization and supports you to align the long-term  strategic
objectives and short-term  tactical dem ands. B asically, it is the bridge betw een
enterprise strategy and business functionality, as depicted in the follow ing im age:

A s show n in the preceding im age, Business A rchitecture has three dim ensions at its
core--Strategy, O peration, and Technology. The success factors of a Business
A rchitecture are directly proportional to the business transform ation, using strategy, a
stable platform  via technology, and exhibited excellence in the business operation.

In essence, the key aspect of the represented business by B usiness A rchitecture is
tabulated as follow s:

S.N o. Q uery
raised Target delivery Sam ple

1 W ho? Stakeholders End custom ers, senior m anagers.

2 W hy? Strategy
Tactics

Vision, m ission, objectives of the
business.

3 H ow ? Initiatives
Projects

Innovative developm ent, operational
excellence.
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4 W hen? Events B usiness critical m om ents.

5 W hat? Products
Services

M anufacturing output, custom er facing
service.

6 W here? Policies
R egulations

G overning body, corporate policy,
com pany process.

7 H ow
w ell?

M etric
M easurem ent

Financial report, revenue trend, profit
sharing.

B usiness A rchitecture is directly based on business strategy. B y design, it is the
foundation for subsequent architectures, w here it is detailed into various aspects and
disciplines of the business.

O ne of the relevant Business Architecture case studies by O racle is
available at http://w w w.oracle.com /technetw ork/articles/entarch/oea-case-study-brinks
-2012-1883032.pdf.

In m y view , an ideal business architect delivers the fram ew ork of services and
artifacts, w hich enables custom ers to rapidly deliver quantifiable business value w ith
realistic, technology enabled, business solutions.
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D ata A rchitecture
D ata A rchitecture is the key contract betw een the business and technology in
an enterprise. I experienced the value of D ata A rchitecture during m y tenure of the
Enterprise D ata H ub developm ent initiative.

D ata A rchitecture is designed in such a w ay that the real business data is handled
sm oothly across the layers of the enterprise architecture. It plays the key role/artifact
to develop and im plem ent governance supporting the enterprise data strategy. It
collaborates/connects w ith the various enterprise objects, such as hardw are,
applications, netw orks, tools, technology choices, and data.

To support a variety of the com m only used enterprise applications and business
im provem ent activities, the fram ew ork/layers of the D ata A rchitecture is designed as
follow s:

A s depicted in the preceding im age, D ata A rchitecture has three layers of
com ponents based on its operational strategy, nam ely Strategic, Tactical, and
O perational. A s self-described, m ost of the ground-level operations are executed in
the low er com ponents--Enterprise A pplication Integration (EA I), Business
Intelligence (BI), and System  R ationalization. D ata is tactically architecture at the
m iddle layer using the BPI program . The top layer of D ata A rchitecture is getting
involved in the D ata Strategy of the underlying enterprise.

Let m e illustrate w ith a real life exam ple to easily understand enterprise data
architecture. O ur business use case is to build the inventory m anagem ent system  of a
production factory. C onsider the follow ing im age:
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A s depicted in the preceding im age, the inventory m anagem ent w orkflow  is aim ed
tow ards the process of supervising and controlling stock item s for the production in
an efficient w ay. Let's get into the details of D ata A rchitecture w ith this exam ple.

In operation level, raw  m aterial inform ation is fed into the inventory core system
(W arehouse) in different form ats/sources. EA I (tools such as Inform atica) is the core
com ponent to ingest the incom ing source data in a clean/expected layout.
R ationalization is the process of extraction of the m aster data from  the various
system s of record of both internal and external system s. A fter processing, to produce
the cleansed raw  data using EA I and R ationalization in W arehouse, the BI layer
takes the execution responsibilities. BI analyzes the enterprise's raw  data from  the
various sources of the system .

Therefore, the low er operational layer of D ata A rchitecture deals w ith the processing
of inventory data from  end to end, ranging from  raw  m aterial to shipping the finished
products. Thus, the operational layer cuts across the entire phase of the business.

The next tactical layer B PI is used to im prove the existing business operation to
accom plish significant im provem ent in production. In our use case, let's say the raw
m aterials are sourced from  various locations around the globe. In doing the various
analysis m ethodologies, the BPI system  can com e up w ith an efficient w ay of
sourcing the raw  m aterials for the inventory. O f course, the existing raw  data is
essential for any prediction/analysis. Effective B PI generates prom ising results
operational efficiency and custom er focus, w hich in turn im proves the productivity
and profitability of the business.

B y definition, enterprise data strategy is the com prehensive vision and actionable
foundation for an organization's ability to harness data-related or data-dependent
capability. To em phasize the im portance of D ata Strategy, let m e share an interesting
answ er by Bill G ates of M icrosoft. W hen he w as asked a question--"W hat is the m ost
im portant asset of your com pany?" he replied--"D ata". In our use case, by doing D ata
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Strategy of the inventory system , it drives the business to be a custom er-centric data
driven culture. In general, legacy system s produce data silos that w ill get in the w ay
of understanding custom ers. This is a big challenge; w ithout a D ata Strategy, it is next
to im possible for any inventory system . D ue to the characteristic of relevancy,
w hich is contextual to the organization, evolutionary, and expected to change on a
regular basis, enterprise data strategy is essential to build the com prehensive
strategies necessary to m ake a real difference for the organization.
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A pplication A rchitecture
In general, softw are application is designed to m eet an organizational need in reality
m ode. A s the business m odel is quite com m on in a sim ilar industry, it obviously
expects the softw are application to build w ith the com m on architecture to satisfy the
business requirem ents of an enterprise. A s a result, A pplication A rchitecture is built
in a generic w ay to create the business system , w hich is required to m eet the specific
requirem ents of the business.

By definition, A pplication A rchitecture specifies the leveraging technologies.
Technologies are easily used to im plem ent inform ation system s, such as data,
processes, and interfaces. O n top of that, A pplication A rchitecture describes the
details of the internal com ponents and the w ay they interact to build the com plete
inform ation system .

In term s of the engineering principle, A pplication A rchitecture exhibits the execution
steps and m ethods in the m odel of the system  blueprint into the reality of the
leveraging enterprise.

A pplications are generally categorized in the follow ing listed types, along w ith their
related characteristics. The categorization is based on the nature of the business
process:

S.N o.
A pplication
processing
type

C haracteristics Sam ple

1 D ata It is com pletely data-centric w ithout
explicit user m anual intervention

C ustom er
store
Payroll
application

2 Transaction
O n the receipt of user requests, system -
centric data is updated w ith the received
inform ation in a system  database

E-
com m erce
application
Financial
trade app
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3 Event

This system  is based on the receipt of
the interested events from  the system
environm ent; it is not necessary to
process non-interested data points

Traffic
control
system
R eal-tim e
dashboard

4 Language

U sers' interventions are specified in a
form al language to be processed by the
underlying system . It is m ostly involved
in system  program m ing

C om pilers
and
interpreter
C om m and
processor

Irrespective of the preceding types of application, A pplication A rchitecture is
designed into the logical groupings of the softw are com ponents. These logical layers
help you differentiate betw een the different kinds of tasks perform ed by the
com ponents. In turn, the system  is easier to support the design principle of reusability
across the platform .

Earlier, I w as so confused about using the term s L ayers vs. Tier. Now,
m y understanding is that layer describes the logical groupings of the
functionality/com ponents in an application. H ow ever, tier describes
the physical distribution of the functionality/com ponents on the
underlying hardw are system s.

Each layer can be im plem ented as a large scale com ponent running on a separate
server. It is the m ost com m only used w eb-based architectural m odel in the industry.
A s a com m on practice, six layers are designed in the A pplication A rchitecture of the
industry, w hich are as follow s:
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E nd U ser L ayer: This is an individual w ho uses the product after it is fully
developed and m arketed. This layer is around the usage pattern of the end user.
A s a result of rapid technology grow th in recent tim es, the End U ser Layer is
essential to build for desktop, w eb, m obile, pad, and so on.
Presentation Layer: This contains the end user oriented functionality
responsible for m anaging user interaction w ith the core system . In general, it
consists of com ponents that provide a com m on bridge betw een the end user and
core business logic encapsulated in the business layer. Presentation Layer
consists of U I com ponents to render the user output and UI processor for local
processing.
Server L ayer: This im plem ents the core functionality of the target system  by
encapsulating the relevant business logic. In m odern design, this layer consists
of com ponents, som e of w hich m ay expose service interfaces that other callers
can use. It is term ed as the heart of the system .
A ccess L ayer: This layer is a bridge betw een the core business/server layer
and the persisted store layer. It is designed using the best access pattern and
practices of the enterprise architecture. It has tw o key com ponents, nam ely
the D ata A ccess C om ponent (D A C ) and Service G atew ay (SG ). D A C  allow s
program m ers to have a uniform  and com prehensive w ay of developing
applications that can access alm ost any data store. The SG  com ponent
encapsulates the low -level details of com m unicating w ith a service by m eans of
service interfaces. M oreover, SG  provides an ideal location to provide com m on
features, such as asynchronous invocation, caching, and error handling.
Persistence L ayer: A s the application data is persisted in this layer, it
provides access to data hosted w ithin the boundaries of the system  and data
exposed by other netw orked system s. B y design, data is accessed through
services in m odern A pplication A rchitecture.
E xternal L ayer: This layer is designed to expose the functionality of the
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application as the services to the external custom er. A PI is the popular term  in
the industry, through w hich business services are exposed externally to earn the
profit by sharing the best services.

In conclusion, A pplications A rchitecture is the art and science of ensuring the suite of
enterprise applications to create the com posite architecture w ith the characteristics
of scalability, reliability, availability, and m anageability.
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Technology A rchitecture
Technology/Infrastructure architecture principles are defined in collaboration w ith
operational staff. It is the duty of the application architect to correct any w rong
assum ptions that the team  m ight m ake w ith regard to enterprise infra architecture.
Traditionally, it covers the servers, desktops, storage, netw ork, and so on.

In the current distortive and em erging technology w orld, collaboration is the key for
success. O n connecting and cooperating w ith various groups, it is easy to adapt into
the latest trends instead of reinventing the w heel again on our ow n. Technology
A rchitecture is highly influenced by this principle.

O n playing the enterprise architect role, m y experience educated m e to insist on a
high degree of collaboration w ith other types of architects in the system . It is
expected to have a closer w orking experience w ith a solution architect to roll out the
im plem entation of the specific technology and platform  as part of the role. In fact,
architecture is not at all specifically associated w ith a particular release of the
softw are. If so, then it is probably not considered architecture:

A s depicted in the preceding im age, Technology A rchitecture layers start from  the
N etw ork layers of L A N , W A N , or R em ote A ccess. O n top of the N etw ork layer,
the Security principles are laid w ith Identity, Isolation, and Perm ission m odels.
Storage layer is designed on top of N etw ork and Security layers. Platform  resides
on top of the Storage layer and is the foundation for any type of softw are application,
w hich reaches/touches the end custom er. Take a look at the follow ing m odel:
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The O pen System  Interconnection (O SI) m odel is an interesting area in Technology
A rchitecture. It defines a netw orking fram ew ork to im plem ent protocols in seven
layers. A s the low er/deep technical details, control is passed from  one layer to the
next, starting from  the A pplication Layer to the bottom  m ost Physical L ayer of bits.
The com m unication passes over the channel to the next station and back up the
hierarchy.

Technology A rchitecture deals w ith these various layers and its essentials.
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Introduction to TO G A F
TO G A F is one of the w ell-know n leading Enterprise A rchitecture Fram ew orks used
in the industry. A s per the com m on goal, TO G A F is leveraged to m ake the enterprise
for im plem enting and im proving business efficiency. A s the nam e stands, TO G A F
insists the industry's architecture standard using the consistent m ethods, processes,
and com m unication w ith the group of Enterprise A rchitecture professionals. In turn,
the openness culture supports architecture practitioners to avoid the industry pain of
proprietary lock m ode.
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E volution of TO G A F 9.1
TO G A F's first version w as developed during m id-1990s and continuously
m aintained by it based on experience and exposure from  the U nited States
D epartm ent of D efense, nam ely Technical A rchitecture Fram ew ork for
Inform ation M anagem ent (TA FIM ). Later, the forum  started releasing successive
versions based on the fundam ental blocks. C onsider the follow ing im age:

The preceding im age is a view  of the tim eline for the grow th of TO G A F until the
latest version, 9.1. This illustrates the long m aturation cycle.

TO G AF 9 Technical C orrigendum  1 can be obtained from  w w w.opengrou
p.org/bookstore/catalog/u112.htm.

A s TO G A F has becom e m ore m ature, the tim e period betw een publications has also
increased.

www.EBooksWorld.ir

https://www2.opengroup.org/ogsys/catalog/u112


C ore com ponents
TO G A F's core com ponents construct the strong fundam entals of this open
architecture fram ew ork. It is depicted in the follow ing diagram :

The preceding diagram  show s the structure in a graphical overview  form at calling
out the m ain com ponents, w hich are briefed as follow s:

A rchitecture D evelopm ent M ethod (A D M ) is a kind of circular flow  chart aim ed
to building an enterprise-level architecture. It has a set of resources and the related
governance to support the enterprise applications developm ent.

The A rchitecture C ontent Fram ew ork uses the follow ing three categories to
describe the type of architectural w ork product w ithin the context of use:

D eliverables
A rtifacts
Building blocks

D eliverables are the output of the project to be agreed and signed off by the
enterprise stakeholders. A rtifacts are represented as the content of the architectural
repository of the firm . B uilding blocks are com m only represented as the reusable
com ponents of the enterprise platform .

A s w e know , architecture repository contains the enterprise designs, policies,
fram ew ork, and so on. Enterprise C ontinuum  is the m ethod or m ode to classify the
repository content.
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TO G A F 9 provides an A rchitecture C apability Fram ew ork that is a set of
reference m aterials and guidelines to establish an architecture function or capability
w ithin an organization.

C ore com ponents of AD M  and related topics are covered in details at
O pen G roup site. It is a great industryw ide reference artifact,
available at http://pubs.opengroup.org/architecture/togaf9-doc/arch/chap05.htm l

www.EBooksWorld.ir

http://pubs.opengroup.org/architecture/togaf9-doc/arch/chap05.html


Industry usage
TO G A F is highly adopted/used in the industry. The follow ing statistical points m ake
them  pretty clear:

M ore than 150k dow nloads
Individual certifications near 60k, w ith foundation of 18k and certified of 42k
A round 400 corporate m em bers of TO G A F
O ver 60k TO G A F series books shipped
A ssociation of enterprise architects m em bership at m ore than 75k

The continental w ide usage of TO G A F is depicted in the right-hand diagram ,
w hereas the top-10 countries is on the left-hand side:
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Introduction to Z achm an
In the space of Enterprise A rchitecture, Zachm an Fram ew ork is the veteran being the
initial m em ber. It w as the brainchild of John Zachm an during the year 1987. In the
system  journal of IBM , he released this technical paper in the nam e of--A fram ework
for inform ation system s architecture.

By design, Zachm an Fram ew ork has the logical structure, w hich is intended to m ake
the com prehensive illustration of an inform ation technology enterprise. In fact, it
exhibits the m ultiple perspectives and categorization of the business artifacts.
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E volution
In 1987, John Zachm an published a different approach to the elem ents of system
developm ent. Instead of representing the process as a series of steps, he organized it
around the points of view  taken by the various players of an enterprise.

Zachm an's first paper, titled--A fram ew ork for inform ation system s
architecture IBM  System s Journal, Volum e 26, Num ber 3, 1987, is
cited at http://dl.acm .org/citation.cfm ?id= 33596.

In the history of Enterprise A rchitecture evolution, the Zachm an Fram ew ork is the
early-bird player, as depicted in the follow ing im age:
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C ore com ponents
O n analyzing the history, Zachm an originally defined his IT taxonom y using the
building dom ain/industry as an analogy. Interestingly, architectural artifacts are
im plicitly designed using a tw o-dim ensional m atrix in the building dom ain.

In a subsequent paper w ith Sow a, Zachm an proposed a different strategy of six
descriptive nam ely data, function, netw ork, people, tim e, and m otivation, and six
player perspectives, nam ely planner, ow ner, designer, builder, subcontractor, and
enterprise

J.A. Zachm an and J.F. Sowa published the subsequent version titled
Extending and Form alizing the Fram ework for Inform ation System s
Architecture. IBM  System s Journal, Volum e 31, N um ber 3, 1992.

By design, the Zachm an Fram ew ork is represented in a 6 x 6 m atrix, as depicted in
the next im age. O n noticing, the table's colum n represents the interrogatives of the
com m unication channel, nam ely W hat, H ow , W here, W ho, W hen, and W hy. A t the
sam e tim e, the row  represents the philosophical concepts of reification, nam ely
scope, m odel, design, build, and configuration.

The details of the Zachm an Fram ew ork are clearly draw n in the follow ing diagram :
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W ith the support of the appropriate artifacts in every cell, it is pretty m uch very
sim ple to depict the sufficient am ount of detail. Zachm an provided the follow ing
rules to assist the reader in understanding the system  of the enterprise applications.
Fundam entally, it contains six m ajor rules, w hich are as follow s:

1. The colum ns have no order
2. Each colum n has a sim ple, basic m odel
3. The basic m odel of each colum n m ust be unique
4. Each row  represents a distinct perspective
5. Each cell is unique
6. Com bining the cells in one row  form s a com plete m odel

A fter 26 years at IBM , John founded Zachm an International as a com pany dedicated
to the research and advancem ent of the state of the art in Enterprise A rchitecture by
his principle. It helps the industry adopt his fram ew ork in a m assive w ay, from  a
scientific perspective.
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Sum m ary
A s the best practice in the industry, Enterprise A rchitecture is expected to have the
responsibility to perform  strategic steps in alignm ent w ith business vision. EA has
few  strong fundam ental blocks, nam ely agility, durability, efficiency, and
effectiveness.

EA is the discipline of addressing business needs w ith people, process, and
technology, w ith the definition of the purpose, intent, and structure of any system .

In the next chapter, w e w ill discuss the m ost com m only used fundam ental design
patterns and practices, being It is getting used on to build Enterprise A pplication
across the industry.
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Principles and Patterns
In this chapter, w e w ill take a concise, quick, and solid look into the m ost com m on
and fundam ental softw are industry patterns and practices applied to enterprise grade
as w ell as m edium -sized applications.

In this chapter w e w ill learn about the fundam ental and m odern design &
developm ent principles that are essential to the quality and m aintainable code for a
stable and flexible application design. W e w ill go through som e of the frequently
used design patterns from  the G oF (G ang of Four) and look at their im plem entation
using the .N ET Core code.

The topics that w e w ill prim arily cover in this chapter include:

SO LID  design principles
D ependency injection
G oF design patterns

The code that w e w ill use here w ill be sim ple, straightforw ard and w ill be used
prim arily to show  the m ain idea of the pattern.
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G etting started w ith principles and
patterns
Before w e directly jum p into defining the principles and talk about the im portant
and m ost com m on design patterns, let's question the basics of w hat designs are
patterns and w hy w e should have softw are developm ent principles.
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W hy follow  design principles?
N o individual, group, or organization w ants a softw are product w hose code looks
com plex, hard-to-change, fragile, and nonreusable. A ll of us w ant the code to rem ain
flexible, robust, and reusable. Therefore, w e follow  som e of the core design
principles that are eventually essential to the quality of a softw are product.

www.EBooksWorld.ir



W hat are design patterns?
D esign patterns are basically best practices in softw are engineering using object-
oriented design (O O D ) that describe general reusable solutions to com m on
problem s in softw are design w ithin a given context. These are not the finished or
final designs readily transform ed into live softw are product but a description or a
tem plate of how  to solve a given problem  that can be used in m any different
situations. D esign patterns are form alized best practices that can be used to solve
com m on problem s w hen designing a solution.
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W hy use design patterns?
D esign patterns provide a w ay to solve problem s related to softw are developm ent
using a proven solution. They not only m ake com m unication betw een designers m ore
efficient, but they also m ake the code m ore tangible, clear, efficient, and reusable.

G oF design patterns are generally considered the foundation for all other patterns.
Softw are professionals can im m ediately picture high-level design w hen they refer to
the nam e of the pattern used to solve a particular problem .
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SO L ID  design principles
SO LID  design principles are a set of basic O O D  design principles. These principles
w ere first published by Robert C . M artin, popularly know n as Uncle Bob. H e is also
a coauthor of the Agile M anifesto.

S.O .L.I.D  stands for five prim ary class design principles:

Single R esponsibility Principle (SR P): A  class should have only one reason to
change, w hich m eans that a class should have only one prim ary job to do; an
extension can be added, for exam ple, inheritance.
O pen C losed Principle (O C P): A  class should be designed in such a w ay that it
is open for the extension of its behavior but is closed for m odification in itself.
Liskov Substitution Principle (LSP): A ll of the derived classes should be
substitutable (replaceable) w ith their parent class.
Interface Segregation Principle (ISP): Interfaces should be fine-grained and
client-specific. Let's say that a client should never be forced to im plem ent an
interface that they don't need or use.
D ependency Inversion Principle (D IP): D epend only on abstractions rather
than on concretions. A bstractions should not depend on details (or
im plem entations); instead, details should depend on the abstractions.
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SR P - Single R esponsibility Principle
"A class should have one, and only one, reason to change."

This prim arily m eans that a class should have one m ain task, that is, a specific
interface or a single responsibility to achieve. A class w ith one specific
responsibility and objective is easier to code and m aintain as it's clearer. A ny further
changes to the objectives should either be a separate interface that is im plem ented
separately or a derived class, or they should be im plem ented in a w ay that the
addition of behavior is added in a separate class.
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SR P exam ple - T he decorator pattern
For the practical dem onstration of SRP, I w ill provide you w ith a solid exam ple
using a G oF design pattern. The D ecorator pattern is one of the structural design
patterns that dynam ically adds/overrides behavior in the existing m ethod of an object.
It allow s functionality to be divided betw een classes w ith unique areas of concern,
that is, single responsibility. The behavior can be added to an individual object either
statically or dynam ically w ithout affecting the behavior of other objects from  the
sam e class.

Consider the follow ing UM L diagram :

U M L diagram  for the D ecorator pattern

The preceding figure depicts the U M L diagram  for the decorator pattern. I w ill,
instead, provide the exam ple w here a decorator pattern is applied, w hich w ill help
you practically understand this U M L as w ell as the single responsibility principle by
looking at the additional changes/behavior added separately instead of m odifying the
sam e class again.

In the real w orld, you som etim es face a scenario w here you need to change the
database from  the SQ L server to O racle or vice versa. Let's say you have a
persistence functionality w ritten in a class and you either m ay change the code in the
class or follow  the SRP and design in a w ay that the new  persistence functionality is
handled by another class w ithout m odifying the original class. To achieve this, w e
follow  the decorator pattern in our tiny exam ple persistence layer:

www.EBooksWorld.ir



    using System; 

    namespace Chapter2.SRP.Decorator 
    { 
      public class Student 
      { 
        public string Name; 
        public string Id; 
        public DateTime DOB; 

      } 
    }

Let's say w e have a sim ple Student entity class, w hich w e w ant to persist in various
form s, for exam ple, to X M L, JSO N , or D B . H ere are the basic classes defined to
setup the decorator:

    public interface IPersistor<T> 
    { 
        bool Persist(T objToPersist); 
    } 

    public class DefaultPersistor<T> : IPersistor<T> 
    { 
        public bool Persist(T objToPersist) 
        { 
          Trace.WriteLine("DefaultPersistor.Persist gets called"); 

          return true; //Do nothing, eat up. 
        } 
    }

In the follow ing code, you see a sim ple im plem entation for the XMLPersistorDecorator
class, and OraclePersistorDecorator and SQLPersistorDecorator follow  the sam e pattern:

    namespace Chapter2.SRP.Decorator 
    { 
        public class XMLPersistorDecorator<T> : PersistorDecorator<T> 
        { 
            public XMLPersistorDecorator(IPersistor<T> 
            objectToBeDecorated) : base(objectToBeDecorated) 
              { } 

            public override bool Persist(T objToPersist) 
            { 
                //stacking up functionality of the decorator pattern - 
                which basically ensures that main functionality is 
                achieved and this decorator adds up new functionality. 

                if (base.Persist(objToPersist)) 
                return DoXMLPersistence(); 
                return false; 
            } 

            private bool DoXMLPersistence() 
            { 
                //Does XML conversion and persistence operation.. 

                Trace.WriteLine("DoXMLPersistence gets called"); 

                return true; 
            } 

www.EBooksWorld.ir



        } 
    }

N ow  you see the case w here the decorator pattern is applied, satisfying the single
responsibility principle:

    [Fact] 
        public void Test_SRP_Decorator() 
        { 
            var student = GetFakeStudent(); 

            IPersistor<Student> studentPersistence = new 
              OraclePersistorDecorator<Student>(new 
                XMLPersistorDecorator<Student>(new
                  DefaultPersistor<Student>())); 

            Assert.True(studentPersistence.Persist(student)); 
        }

From  this code, you can see how  changes to the functionality are achieved by various
classes instead of by m odifying the single class w ith m ultiple responsibilities. The
preceding sam ple code is basically persisting to all persistence layers.
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O C P - O pen C losed Principle
"C lasses should be open for extension but closed for m odification."

This principle sim ply m eans that a class should not allow  m odification in its code
due to a change in functionality. It should only allow  you to extend the functionality in
som e form , for exam ple, by inheritance.

O nce again, this principle is satisfied in our decorator exam ple, w here our
persistence decorator (derived) classes im plem ent the abstract base class to extend
(and add up) the functionality instead of m odifying the existing class.
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L SP - L iskov Substitution Principle
"Functions that use pointers or references to base classes m ust be able to use
objects of derived classes w ithout knowing it."

This m eans that all of the derived classes should retain the existing behavior of the
base class as expected by the client w hile extending the functionality as fulfilled by
the parent class. This also m eans that the client code that consum es a specific class
or interface should be able to use a derived class or a different im plem entation of the
interface w ithout affecting or having to change its internal behavior, w hich ultim ately
m inim izes the im pact on the consum er code as a result of a change added by the
derived class.

Let's dem onstrate this principle w ith an exam ple. W e create the interface for settings
w hen w e have different types of settings, such as UserSettings, MachineSettings, and
ReadOnlySettings. Settings w ould be required to be loaded and saved. W e w ill first
show  the exam ple violating the LSP and then do the correction and adhere to the LSP.
Let's have our sim ple setting interface:

    public interface ISettings 
    { 
        void Load(); 
        void Save(); 
    }

Let's have our sam ple classes im plem enting the ISettings interface:

    public class UserSettings : ISettings 
    { 
        public void Load() 
        { 
            //Loads the user settings 
        } 

        public void Save() 
        { 
            //Saves the user settings 
        } 
    } 
    public class MachineSettings : ISettings 
    { 
        public void Load() 
        { 
            //Loads the machine settings 
        } 

        public void Save() 
        { 
            //Saves the machine settings 
        } 
    } 
    /// <summary> 
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    /// Says this class holds readonly or constant settings / 
    configuration parameters to the software 
    /// </summary> 
    public class ReadOnlySettings : ISettings 
    { 
        public void Load() 
        { 
            //Loads some readonly/constant settings 
        } 

        public void Save() 
        { 
            throw new NotImplementedException(); 
        } 
    }

N ow  let's look at a sam ple client code m aking use of these settings classes and
realize how  it breaks the principle:

    [Fact] 
        public void Test_Client_Violating() 
        { 
            List<ISettings> allSettings = new List<ISettings>(); 

            ISettings setting = new LSP.Bad.UserSettings(); 
            allSettings.Add(setting); 

            setting = new LSP.Bad.MachineSettings(); 
            allSettings.Add(setting); 

            setting = new LSP.Bad.ReadOnlySettings(); 
            allSettings.Add(setting); 

            //Load all types of settings 
            allSettings.ForEach(s => s.Load()); 

            //Do some changes to settings objects.. 

            //Following line fails because client (actually) 
            does not know it has to catch 
            allSettings.ForEach(s => s.Save()); 
        }

The last line in this code fails because the client code does not expect to catch (and
possibly ignore) the exception. O therw ise, it has to put a specific case to w ork to
detect w hether the class is ReadOnlySettings; then, it does not call its Save() m ethod,
w hich is clearly a very bad practice.

N ow  let's look at how  to solve this problem  and adhere to the Liskov Substitution
Principle:

    public interface IReadableSettings 
    { 
        void Load(); 
    } 
    public interface IWriteableSettings 
    { 
        void Save(); 
    } 
    public interface ReadOnlySetting : IReadableSettings 
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    { 
        public void Load() 
        { 
            //Loads the machine settings 
        } 
    }

H ere, you can see that w e have divided the interfaces according to their correct
purpose or need and then im plem ented the ReadOnlySettings class using only the
required interface, that is, IReadableSettings.

W hat w e did here is basically segregate the interfaces.

Let's now  take a look at the sam ple client code using the various types of settings
classes:

    [Fact] 
        public void Test_Client_NonViolating() 
        { 
            var allLoadableSettings = new List<IReadableSettings>(); 
            var allSaveableSettings = new List<IWriteableSettings>(); 

            var userSettings = new LSP.Good.UserSettings(); 
            allLoadableSettings.Add(userSettings); 
            allSaveableSettings.Add(userSettings); 

            var machineSettings = new LSP.Good.MachineSettings(); 
            allLoadableSettings.Add(machineSettings); 
            allSaveableSettings.Add(machineSettings); 

            var readOnlySettings = new LSP.Good.ReadOnlySettings(); 
            allLoadableSettings.Add(readOnlySettings); 
            //allSaveableSettings.Add(readOnlySettings); Cannot
              compile this line;
            readOnlySettings is not save-able/writable settings 

            //Load all types of settings 
            allLoadableSettings.ForEach(s => s.Load()); 

            //Do some changes to settings objects.. 

            allSaveableSettings.ForEach(s => s.Save()); //Now this 
            line clearly does not fail :) 
        }

From  the preceding code, it's evident that loading and saving setting interfaces are
segregated cleanly according to their responsibilities and the code w orks as expected
by the client.

From  this exam ple, you can understand how  a neatly designed code follow s the
fundam ental O O D  principles and how  closely related these SO LID  principles are in
the sense that usually, w hen trying to adhere to one SO LID  principle, you
autom atically follow  one or m ore of the other principles. O nce a m ature program m er
starts follow ing SO LID  principles, he/she does not need to rem em ber them --over a
period of tim e, it becom es part of their nature or a good coding habit.
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ISP - Interface Segregation Principle
"Interfaces should be fine-grained and client-specific."

In other w ords, this m eans that if the class has various use cases, then it should have
a specific interface for each of its use cases.

O nce again, our preceding exam ple in LSP show s how  the interface segregation
principle is achieved by splitting the ISettings interface into tw o separate interfaces--
IReadableSettings and IWriteableSettings.
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D IP - D ependency Inversion Principle
D epend only on abstractions rather than on concretions.

D ependency Inversion Principle is the last principle of SO LID  design principles.
H ere, I quote directly from  the source (Uncle B ob), as it is beautifully w ritten:

H igh-level m odules should not depend on low-level m odules. Both should
depend on abstractions.
Abstractions should not depend on details. D etails should depend on
abstractions.

Basically, this m eans that your code should never depend on the im plem entation, but
it should only depend on the interfaces (or abstract classes).

This w ill enable you to change or replace any im plem entation w ith just another
im plem entation, and none of the client code needs to change or w orry about it since it
only depends on the interfaces.

H ere, I first give you a bad exam ple that violates the D IP:

    public class OrderProcessor : IOrderProcessor 
    { 
        public void Process(IOrder order) 
        { 
            //Perform validations.. 
            if (new OrderRepository().Save(order)) 
              new OrderNotifier().Notify(order); 
        } 
    }

This is bad exam ple because the OrderProcessor class depends upon the actual
im plem entation of OrderRepository and OrderNotifier. The client code w ill need to change
if, say, w e need to have a different repository persistence layer tom orrow  or w e need
a different notification m echanism  than SM S or e-m ail.

N ow  w e provide you w ith the good exam ple by correcting the bad one:

    public class OrderProcessor : IOrderProcessor 
    { 
        private readonly IOrderRepository _orderRepository; 
        private readonly IOrderNotifier _orderNotifier; 

        public OrderProcessor(IOrderRepository orderRepository,
          IOrderNotifier orderNotifier) 
        { 
            _orderRepository = orderRepository; 
            _orderNotifier = orderNotifier; 
        } 
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        public void Process(IOrder order) 
        { 
            //Perform validations.. 
            if (_orderRepository.Save(order)) 
                _orderNotifier.Notify(order); 
        } 
    }

W ith these changes, our OrderProcessor class does not have dependencies on the actual
im plem entations anym ore; instead, it only relies on the interfaces--IOrderRepository and
IOrderNotifier. N ow  if w e w ant to change the w ay notifications are sent, w e w ill need
to have a new  im plem entation of IOrderNotifier and pass that im plem entation to
OrderProcessor w ithout any code changes to the OrderProcessor class.
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D ependency injection
In m odern coding patterns, factory level containers that help assem ble com ponents
eventually into a cohesive application have becom e very im portant. Beneath such
type of containers, there is a com m on pattern w hich defines how  to perform  the
w iring of different com ponents together and is know n as Inversion of C ontrol (IoC ).
The pattern com ing out of it is m ore specifically know n as D ependency Injection.
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Introducing dependency injection
D ependency Injection design pattern fulfills the dependency inversion principle of
the SO LID  design principles. There are three m ain form s of dependency injection:

C onstructor injection: A n exam ple of this is show n in the D IP section
Setter injection: Let's look at an exam ple code for setter injection:

    public class OrderProcessorWithSetter : IOrderProcessor 
    { 
        private IOrderRepository _orderRepository; 
        private IOrderNotifier _orderNotifier; 

        public IOrderRepository Repository 
        { 
            get { return _orderRepository; } 
            set { _orderRepository = value; } 
        } 

        public IOrderNotifier Notifier 
        { 
            get { return _orderNotifier; } 
            set { _orderNotifier = value; } 
        } 

        public void Process(IOrder order) 
        { 
            //Perform validations.. 
            if (_orderRepository.Save(order)) 
                _orderNotifier.Notify(order); 
        } 
    }

N ow  w e look at an exam ple client code using the setter injection:

    [Fact] 
        public void Test_DI_With_Setter() 
        { 
            var someOrder = new DIP.Order(); 
            var op = new DIP.Good.OrderProcessorWithSetter(); 
            op.Repository = new DIP.OrderRepository(); 
            op.Notifier = new DIP.OrderNotifier(); 

            op.Process(someOrder); 
        }

Interface injection: Let's take a look at an exam ple code for interface injection.
The follow ing are the tw o interfaces that w ill be used for our sam ple injection:

    public interface InjectOrderRepository 
    { 
        void SetRepository(IOrderRepository orderRepository); 
    } 
    public interface InjectOrderNotifier 
    { 

www.EBooksWorld.ir



        void SetNotifier(IOrderNotifier orderNotifier); 
    }

A nd here is the OrderProcessorWithInterface class that im plem ents the interfaces
that are used for injection (usually via a D I fram ew ork):

    public class OrderProcessorWithInterface : InjectOrderRepository,
    InjectOrderNotifier, IOrderProcessor 
    { 
        private IOrderRepository _orderRepository; 
        private IOrderNotifier _orderNotifier; 

        public void SetRepository(IOrderRepository orderRepository) 
        { 
            _orderRepository = orderRepository; 
        } 

        public void SetNotifier(IOrderNotifier orderNotifier) 
        { 
            _orderNotifier = orderNotifier; 
        } 

        public void Process(IOrder order) 
        { 
            //Perform validations.. 
            if (_orderRepository.Save(order)) 
                _orderNotifier.Notify(order); 
        } 
    }

Let's have a look at the client code that uses the sim ple exam ple of interface
injection:

    [Fact] 
        public void Test_DI_With_Interface() 
        { 
            var someOrder = new DIP.Order(); 

            var op = new DIP.Good.OrderProcessorWithInterface(); 
            //Creation of objects and their respective dependencies 
            (components/services inside) are usually done by the
            DI Framework 
            op.SetRepository(new DIP.OrderRepository()); 
            op.SetNotifier(new DIP.OrderNotifier()); 

            op.Process(someOrder); 
        }
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K now ing about the Service L ocator
pattern
Injection isn't the only w ay to loosen the com ponents/service dependencies. A nother
w ay is to use the service locator.

Basically, a service locator is a sort of a registry object (a factory) that know s how
to create the services or com ponents that an application m ight need. For obvious
reasons, this prim arily shifts the burden of object creation from  an individual class to
the factory and w e still have to get the locator object inside the classes using it,
w hich results in the dependency of the locator itself.

W e can also have m ore than one type of service locator inside an application. For
exam ple, FakeServiceLocator, w hose purpose is just to provide the fakes that can be
tested in the testing fram ew ork.

Your service locator can internally use the abstract factory pattern or the builder
pattern, as appropriate. It can also be a static or dynam ic service locator, w here in
the dynam ic service locator, it m ay keep the object w ith string keys, for exam ple, by
m aintaining the objects in Hashmaps.

A sim ple code for the dynam ic service locator im plem ented as a singleton factory
catalog w ould be as follow s inside OrderProcessor:

    IOrderRepository repository = (IOrderRepository) 
    serviceLocator.Instance.getService("OrderRepository");

M ore conceptual inform ation on dependency resolutions
There are discussions separately on service locator that it does not
com pletely follow s SO LID  design principles and good O O  practices,
but we leave that discussion out of this book.
For m ore inform ation on dependency resolution, refer to Inversion of
Control C ontainers and the D ependency Injection pattern on M artin
Fow ler's website https://m artinfow ler.com /articles/injection.htm l.
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D ependency injection support w ith
.N E T C ore
M icrosoft has now  supplied support for dependency injection directly w ith .N ET
Core in the form  of extensions w ith the Microsoft.Extensions.DependencyInjection N uG et
package. The support for D I in .N ET C ore is in a w ay that you can either use the
provided D I im plem entation, or you can use given D I interfaces in
Microsoft.Extensions.DependencyInjection.Abstractions and use it w ith the D I fram ew ork
im plem entation of your choice, for exam ple, N inject.

Just to give you an idea of the .NET C ore direction, a sim ilar
behavior or style is also designed with a logging fram ework in .NET
Core using the Microsoft.Extensions.Logging.Abstractions package.

Let's look at an exam ple to see the M icrosoft D I in m otion w ith .N ET Core.

The sam ple code needs to call an airport interface in order to get the list of arrival
flights, and it also needs to do the logging in betw een; so both of these dependencies
need to be injected. Consider the follow ing code:

    public class ScheduleWorker 
    { 
        private IServiceProvider _provider; 
        private ILogger _logger; 

        public ScheduleWorker(IServiceProvider provider,
        ILogger logger) 
        { 
            _provider = provider; 
            _logger = logger; 
        } 

        public void ExecuteSchedules() 
        { 
            _logger.LogInformation("Executing schedules at {UTCTime}",
              DateTime.UtcNow); 

            IAirportFlightSchedules airportFlightSchedules =
              _provider.GetRequiredService<IAirportFlightSchedules>(); 

            _logger.LogInformation("Getting schedules.."); 
            var arrivalSchedules = airportFlightSchedules.
              GetDailyArrivalSchedules(DateTime.UtcNow.Date); 

            _logger.LogInformation("{FlightCount} schedules found",
              arrivalSchedules.Count); 
        } 
    }

From  the preceding code, you can see that the dependencies are injected via the
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constructor. M oreover, another business interface object is retrieved via
IServiceProvider D I supplied interface, w hich show s the w ay that's sim ilar to service
locator pattern. C onsider the follow ing code:

    public class AirportFlightSchedules : IAirportFlightSchedules 
    { 
        private ILogger _logger; 

        public AirportFlightSchedules(ILogger logger) 
        { 
            _logger = logger; 
        } 

        public IList<string> GetDailyArrivalSchedules(DateTime date) 
        {

From  this preceding code, you can see that even AirportFlightSchedules needs the logger
dependency to be injected.

Let's take a look at how  the D I container w as configured in order to insert interfaces:

    public class DICTests 
    { 
        private static IServiceProvider Provider { get; set; } 

        [Fact] 
        public void Test_Simple_DIC() 
        { 
            RegisterServices(); 
            ExecuteScedule(); 
        } 

        private void RegisterServices(bool bUseFactory = false) 
        { 
            IServiceCollection services = new ServiceCollection(); 

            //Adding required dependencies to the DI Container 
            //Note: DebugLogger only available when Debugger
              is attached 
            services.AddTransient<ILogger, DebugLogger>(provider =>
              new DebugLogger(typeof(DICTests).FullName)); 
            services.AddTransient<IAirportFlightSchedules,
              AirportFlightSchedules>(); 
            services.AddSingleton(typeof(ScheduleWorker)); 

            if(bUseFactory) ConfigureServices(services); 

            Provider = services.BuildServiceProvider(); 
        }

N otice that the D I container even allow s you the capability to turn a norm al class into
a singleton very easily so that the sam e instance/object is given back to the
client/consum er w ho needs its interface. Please ignore bUseFactory w e see it next as it
is used to control the injection of an abstract factory class.

O ur client code looks so sim ple and neat:

    private void ExecuteScedule() 
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    { 
        var scheduleWorker = 
          Provider.GetRequiredService<ScheduleWorker>(); 
        scheduleWorker.ExecuteSchedules(); 
    }

Upon this call, all the dependencies are autom atically injected into the scheduleWorker
object as w ell as all the dependent object's hierarchy in the usage.

N ow  let's com e to the A bstract Factory injection part, w hy w ould w e need it? There
could be som e situations w here w e w ould need to create objects via the relevant
abstract factory object and also som e logic m ay need to be perform ed w hen creating
new  object(s) via such a factory in each call to the factory. In such situations, instead
of binding the abstract factory class directly w ith the client code, w e can better use
the D I to inject our desired abstract factory class and the client retrieves the factory
interface from  the D I to create the objects it needs. This does not only decouple the
factory object from  the client but also gives the capability to inject the different
abstract factory for a different configuration; a fake factory for instance.

I w ill provide you w ith another exam ple, adding to this D I sam ple code in order to
show  the factory m ethod pattern in its ow n section m ore clearly. H ere, you w ill see
how  the factory class is inserted and configured as a singleton and used in a client
code to create the specific object for the given interface. Let's take a look at the
follow ing code:

    private void ConfigureServices(IServiceCollection 
      serviceCollection) 
    { 
        serviceCollection.AddSingleton<IAirportFlightSchedulesFactory, 
          AirportFlightSchedulesFactory>(); 
    } 

    [Fact] 
        public void Test_Simple_DIC_WithFactory() 
        { 
            RegisterServices(true); 
            ExecuteSceduleWithFactory(); 
        } 

        private void ExecuteSceduleWithFactory() 
        { 
            var scheduleWorker = Provider.
              GetRequiredService<ScheduleWorker>(); 
            scheduleWorker.ExecuteSchedulesUsingFactoryViaDI(); 
        }

Look at the client code using the factory to create the required objects based on the
IAirportFlightSchedules interface:

    public void ExecuteSchedulesUsingFactoryViaDI() 
    { 
        _logger.LogInformation("Executing schedules at {UTCTime}",
          DateTime.UtcNow); 
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        var factory = _provider.GetRequiredService
          <IAirportFlightSchedulesFactory>(); 
        IAirportFlightSchedules airportFlightSchedules = 
          factory.CreateAirportFlightSchedules(); 

        _logger.LogInformation("Getting schedules.."); 
        var arrivalSchedules = 
          airportFlightSchedules.GetDailyArrivalSchedules(
            DateTime.UtcNow.Date); 

        _logger.LogInformation("{FlightCount} schedules found",
          arrivalSchedules.Count);

That's enough about dependency injection, and I hope you learned and enjoyed it just
like I did. Let's jum p onto lots of other design patterns.
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G oF design patterns
A software design pattern is a general reusable solution to a com m only occurring
problem  w ithin a given context in software design. It is not a finished design that
can be transform ed directly into the source or m achine code. It is a description or
a tem plate for how to solve a problem  that can be used in m any different
situations. D esign patterns are form alized best practices that the program m er can
use in order to solve com m on problem s w hen designing an application or a system .
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W hat are softw are design patterns?
D esign patterns w ere form ally introduced in the book D esign Patterns: Elem ents of
Reusable O bject-O riented Software, first published in 1994 by the four authors
Erich G am m a, Richard H elm , Ralph Johnson, and John V lissides, w ith a forew ord by
G rady B ooch. These authors are usually referred to as the G ang of Four. The book
contains the m ost popular 23 design patterns; hence, the 23 patterns are know n as
G oF design patterns. These design patterns are fundam entally the crux of object-
oriented analysis and design (O O A D ).

H ere, w e w ill cover som e of the m ost com m only used G oF design patterns and look
at their im plem entation in C# using the latest version of .N ET Core.

23 G oF design patterns are divided into three m ain categories. I w ill w rite the nam es
and a one-liner explanation about them  and after that, I w ill go into detail about the
selected ones:
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W e just gave an alm ost single line definition for all 23 G oF design patterns. Som e of
them  w ould be obvious to understand, w hile others m ight be difficult, if not
confusing. So w hen w e get into the details of certain patterns, their intent, design, and
reference im plem entation should be clearer.

W e have already covered the decorator pattern as an exam ple of SR P earlier. In the
rem ainder of the chapter, w e w ill cover the follow ing design patterns:

Four creational design patterns are as follow s:

Singleton
Factory m ethod
A bstract factory
Builder

Three structural design patterns are as follow s:

A dapter
Bridge
Flyw eight

Six behavioral design patterns are as follow s:

The tem plate m ethod
O bserver
Chain of responsibility
Visitor
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Strategy
State
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C reational patterns
Creational design patterns are those softw are design patterns that deal w ith the
m echanism  of object creation in a flexible, m aintainable m anner under certain
situations or scenarios.

Let's jum p on to the individual creational pattern to see its detail.
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T he singleton pattern
The singleton pattern is perhaps the m ost com m on pattern used by developers across
the globe. This pattern basically defines a class for w hich only one (single) instance
can exist.

You can have a class that is either global or static w ith all static m ethods so that you
do not need to create any instance of this class and use it directly. This is okay but not
considered a best practice generally, unless you are defining a stateless interface to
expose an underlying O S A PIs, such as subset win32 A PIs or a native D LL or system
library exposing its one-off A PIs.

Singleton - If you w ant to have a stateful class w hose only one instance should exist
in the given softw are, then w hat you need is a singleton class. A n exam ple of this
class can be a configuration class, w hich is accessed by m any other client classes
from  w ithin the application layer.

M oreover, som e of the other design patterns can them selves be singletons in their
im plem entation, for exam ple, factory, builder, and prototype patterns. The fa­ade
pattern can also be im plem ented as a singleton since in m ost of the cases, only one
fa­ade object is required to be created. You w ill understand m ore w hen w e read
m ore about these other patterns as w e m ove further in this chapter.

The follow ing code show s a sim ple im plem entation of a singleton pattern:

    /// <summary> 
    /// A very simple Singleton class 
    /// Its a sealed class just to prevent derivation that 
    could potentially add instances 
    /// </summary> 
    public sealed class SimpleSingleton 
    { 
        /// <summary> 
        /// Privately hidden app wide single static 
          instance - self managed 
        /// </summary> 
        private static readonly SimpleSingleton instance = new 
          SimpleSingleton(); 

        /// <summary> 
        /// Private constructor to hinder clients to create
        the objects of <see cref="SimpleSingleton"/> 
        /// </summary> 
        private SimpleSingleton() { } 

        /// <summary> 
        /// Publicly accessible method to supply the only
        instace of <see cref="SimpleSingleton"/> 
        /// </summary> 
        /// <returns></returns> 
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        public static SimpleSingleton getInstance() 
        { 
            return instance; 
        } 
    }
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Variations on the singleton pattern
There are som e com m only used variations of the singleton pattern that are applicable
based on the given situation. O ut of these, the m ost com m on ones are lazy
initialization and the double check locking pattern.

Lazy initialization singleton basically creates its one and only instance upon its first
call to get an instance instead of pre-creating it. Refer to the follow ing sim ple code
sam ple:

    public sealed class LazySingleton 
    { 
        private static LazySingleton instance = null; 
        private LazySingleton() { } 

        public static LazySingleton getInstance() 
        { 
            if (instance == null) instance = new LazySingleton(); 
            return instance; 
        } 
    }

The double check locking pattern is basically a thread-safe singleton pattern in a
m ultithreaded environm ent. It ensures that only one instance is created if tw o or m ore
threads ask for a singleton instance at the sam e tim e using the sim ple synchronization
technique. Refer to the follow ing sim ple code sam ple for a better understanding:

    public sealed class DCLockingSingleton 
    { 
        /// <summary> 
        /// volatile tells the compiler not to optimze this
        field and a field might be modified by multiple threads 
        /// </summary> 
        private static volatile DCLockingSingleton instance = null; 

        /// <summary> 
        /// Single object instance is used to lock all the
        accesses to get the instance of the Singleton 
        /// </summary> 
        private static object syncRoot = new Object(); 

        private DCLockingSingleton() { } 

        /// <summary> 
        /// Exposed as a Get only property instead of a method 
        /// </summary> 
        public static DCLockingSingleton Instance 
        { 
            get 
            { 
                if (instance == null) 
                { 
                    lock (syncRoot) 
                    { 
                        if (instance == null) 
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                            instance = new DCLockingSingleton(); 
                    } 
                } 

                return instance; 
            } 
        } 
    }
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T he factory m ethod pattern
The factory m ethod pattern basically specifies the interface to create an object
w ithout specifying its exact class. This pattern prim arily focuses on creating only one
type of object specified by the interface for the object to be created.

For exam ple, in our application, w e w ant to use a w eather service to get the current
w eather of a given city. W hat w e need is a reference to the w eather service object,
and w hat the factory m ethod abstracts out is that w e need a w eather service reference
w ithout know ing w here this actual object reference is com ing from . For exam ple, it
can be from  Yahoo w eather, A ccuW eather, or even a fake w eather service object that
can be used for testing.

In the section for .N ET C ore dependency injection, w e used the
IAirportFlightSchedulesFactory factory class, w hich creates the objects of the
IAirportFlightSchedules interface, w hich the client code uses to get the list of all arrival
flights.

N ow  let's say that w e w ant to get a list of all arrival flights from  G eneva airport.
W hat w e w ill do is use the GenevaAirportFlightSchedulesFactory class that im plem ents the
sam e interface IAirportFlightSchedulesFactory and creates the objects of type
GenevaAirportFlightSchedules, w hich im plem ents the sam e interface, IAirportFlightSchedules.
Let's take a quick look at the code for this new  G eneva factory:

    public class GenevaAirportFlightSchedulesFactory :
    IAirportFlightSchedulesFactory 
    { 
        private ILogger _logger; 

        public GenevaAirportFlightSchedulesFactory(ILogger logger) 
        { 
            _logger = logger; 
        } 

        public IAirportFlightSchedules CreateAirportFlightSchedules() 
        { 
            return new GenevaAirportFlightSchedules(_logger); 
        } 
    }

Say, if w e need flight schedules for a different airport, all w e need to do is use the
different factory to get the right service object, and in this w ay, no change is required
in the client code at all.
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A bstract factory pattern
A bstract factory gives you the ability to create a num ber of related classes. It
provides an interface that encapsulates the capability to create a group of classes that
are related in som e w ay.

You are already aw are of the factory m ethod pattern. In other w ords, an abstract
factory is an interface that groups together related factory m ethods.

For exam ple, K TM  bikes creates various types of bikes using a num ber of various
factory m ethods, w hereas the abstract factory for K TM  brings all these factory
m ethods together and gives you a generic interface so that you can sim ilarly
im plem ent an A prilia bikes abstract factory, and so on.

Let's take a look at the follow ing UM L diagram  for the abstract factory pattern for our
understanding:

N ow  let's look at a sim ple abstract factory pattern exam ple in the code. H ere, let's
say w e w ant to create a sim ple application w ith a user interface. The user interface
includes graphical com ponents m enu, status bar, and a w izard screen interface.

W hile these com ponents w ould be better if created by their ow n factory m ethods, for
sim plicity, w e club them  altogether in one abstract factory interface, IUIAbsFactory:

    public interface IUIAbsFactory 
    { 
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        IMenu GetMenu(); 
        IWizard CreateWizard(); 
        IStatusBar CreateStatusBar(); 
    }

You can see that m enu, screens, w izards, and status bar are UI com ponents related to
each other for a specific app. B ased on this abstract factory interface, w e can have,
for exam ple, DarkUIAbsFactory and LightUIAbsFactory concrete factory classes. W e w ill
take a look at the concrete factory im plem entation in a later section again, w here
w e'll enhance our design further by utilizing the tem plate m ethod pattern.
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B uilder pattern
The Builder pattern is used in situations w here the creation of a com plex object is
required, and the creation is generally achieved through a num ber of steps until the
final product is ready.

A classic exam ple is that of a car as a final product, w hich is created in steps by
adding the engine, chassis, body, tires, and so on. The m ain client asks for the product
and receives the final product w ith all the creation steps hidden from  it. This is
achieved via a D irector class.

The basic builder pattern involves a D irector, B uilder, and Product class, as show n
in the follow ing diagram :

Let's look at an exam ple in the code. W e w ill build up our previous exam ple of a
sam ple G UI app that added the m enu, status bar, and w izard screen.

Rem em ber, w e had the abstract factory pattern applied in order to build our UI
controls, and one of the m ethods of this factory class w as CreateWizard(). For the
exam ple, w e suppose that creating the w izard m eans adding a couple of screens to
create one flow  of a w izard operation com m on in som e types of user applications.
Therefore, creating a w izard is achieved through a num ber of steps internally by the
CreateWizard() m ethod, and these steps are essentially the builder pattern, that is, to
sim plify the creation of a com plex product.

Let's take a look at the interface of our builder class:
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    public interface IWizardBuilder 
    { 
        void CreateWizardSteps(int screenSteps); 
        void AddFrontScreen(); 
        void AddFinalScreen(); 

        IWizard GetResult(); 
    }

The code that uses the builder object to create the product in correct steps is
basically done by D irector according to the builder pattern, w hich in our exam ple is
the code inside the CreateWizard() m ethod of the abstract factory:

    /// <summary> 
    /// Internal code demonstrates the use of Builder pattern 
    /// </summary> 
    /// <returns></returns> 
    public IWizard CreateWizard() 
    { 
        //Director code for builder pattern 
        var wizardBuilder = 
          _provider.GetRequiredService<IWizardBuilder>(); 

        wizardBuilder.CreateWizardSteps(4); 
        wizardBuilder.AddFrontScreen(); 
        wizardBuilder.AddFinalScreen(); 

        var wizard = wizardBuilder.GetResult(); 

        ApplyThemeOnWizard(wizard); 

        return wizard;
    }

N ote that the follow ing line is retrieving the correct build object using the D I
container:

    var wizardBuilder =
      _provider.GetRequiredService<IWizardBuilder>();

You do not need to go into its detail; this D I container is explained in the D ependency
injection support w ith .NET C ore section w ithin this chapter.

From  the preceding code, you can see how  the wizard in our exam ple application is
actually created in steps using the builder pattern.
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A  com m entary on creational patterns
Som etim es, som e creational patterns overlap each other, w hile other tim es, they
com plim ent each other. For exam ple, an abstract factory is com m only im plem ented as
a singleton pattern itself so as to have a single instance of the abstract factory object.
A bstract factory can store the prototypes from  w hich it can return the new ly created
cloned objects.
A bstract factories are often im plem ented as a num ber of factory m ethods (w hich is
w hat I prefer as w ell) that prom ote creation through inheritance and give you dual
flexibility w ith both abstract factory and factory m ethod at the sam e tim e. Som e
abstract factories can also be im plem ented using the prototype pattern internally that
prom otes creation through delegation, as prototypes w ould be contained inside the
abstract factory or otherw ise im plem ented as singleton.
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Structural patterns
These design patterns are best practices to identify a sim ple w ay to realize
relationships betw een entities and their structure in a given situation.

Let's jum p on to our selective structural patterns individually to look at their detail.
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A dapter pattern
The adapter pattern, as the nam e suggests, is the pattern for a class that adapts the
interface of another considerably com plicated or inconsistent class. It's basically just
a w rapper class. It w raps the interface of another class to an interface that is sim pler,
consistent to the softw are design, and is w hat the client is expecting.

The follow ing diagram  show s the adapter pattern in general and the one used for our
exam ple:

It is one of the sim plest G oF design patterns w ith the purpose of sim plifying the
interface.

In the exam ple scenario, w e have an O racle database hypothetical D B driver class
w ith a com plex and inconsistent A PI interface in contrast to our ow n application
design. Therefore, in order to sim plify things and m ake them  uniform  to use in our
application, w e define our adapter interface, w hich our client code w ill use to access
the actual database objects w ithout know ing the details of how  to use O racle D B
driver.

Let's take a look at our im aginary code. The follow ing is our hypothetical and not-so-
sim ple OracleDBDriver interface:

    public interface OracleDBDriver 
    { 
        bool Initialize(string parameters); 

        IOracleDBConnection CreateNewConnection(); 
        IOracleDBConnection CreateNewPooledConnection(); 

        bool ValidateSQL(string validSQL); 

        SomeDBFormat ExecuteSQL(IOracleDBConnection dbCon, 
          string validSQL); 
        int ExecuteScalarSQL(IOracleDBConnection dbCon, string 
          validSQL); 
    }
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To sim ply the interface of OracleDBDriver, w e w rite our sim plified adapter, as show n
here:

    public class DBAdapter 
    { 
        private OracleDBDriver dbDriver = null; 
        private bool bDBInitialized; 
        private readonly string initializationDBParameters; 

        public DBAdapter() 
        { 
            //dbDriver = new OracleDBDriverImpl(); 
            initializationDBParameters = "XYZ, ABC"; 
        } 

        public DataTable ExecuteSQL(string strSQL) 
        { 
            if (string.IsNullOrWhiteSpace(strSQL)) throw new 
             InvalidSQLException(); 

            if (!bDBInitialized) bDBInitialized = 
            dbDriver.Initialize(initializationDBParameters); 

            if(!dbDriver.ValidateSQL(strSQL)) throw new 
              InvalidSQLException(); 

            var dbConnection = dbDriver.CreateNewPooledConnection(); 

            SomeDBFormat dbData = dbDriver.ExecuteSQL(dbConnection,
              strSQL); 

            return TransformDBDataType(dbData); 
        } 

        private DataTable TransformDBDataType(SomeDBFormat dbData) 
        { 
            DataTable dbTable = null; 

            //dbTable = dbData; do some conversions 

            return dbTable; 
        } 
    }

From  the preceding code, you can easily see how  our adapter class is hiding the
com plexity of database driver initialization and connection pooling logic as w ell as
transform ing the db form at into a sim plified one, as desired.
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B ridge pattern
The purpose of the bridge pattern is to create a separation betw een an interface that
the client uses from  the actual im plem entation. This w ill allow  the client's interface
(abstraction) to vary independently from  the actual im plem entation. The bridge
prim arily uses aggregation to separate the responsibilities exposed by the interfaces.

Let's say w e have a sim ple interface that provides the capability to perform  an
addition operation. W e create a new  interface and expose it to the client that also
provides the m ultiply operation. A nd w e im plem ent the new  interface by aggregating
the object of the existing interface in a w ay that w e call our actual im plem entation
logic by calling the addition operation a num ber of tim es to achieve the correct result
of the m ultiply operation.

The follow ing diagram  show s the general diagram  for the bridge pattern as w ell as
the diagram  to show  another near real-w orld exam ple:

O ur exam ple in the code talks about the core m icrow ave im plem entation that w orks
very w ell, but then w e add a layer of abstraction on top of it, w hich is exposing the
prem ium  version of the m icrow ave interface but internally, in fact, it uses the sam e
core m icrow ave im plem entation.

The follow ing code show s our core m icrow ave interface, w hich is a com plete and
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perfectly w orking one in its ow n right:

    /// <summary> 
    /// Core Implementation Interface 
    /// </summary> 
    public interface ICoreMicrowave 
    { 
        //0 seconds to 1800 seconds 
        void AdjustTime(int seconds); 

        //0 to 10 steps (10=200 degree) 
        void AdjustHeatingTemperature(int temperature); 

        void Start(); 
    }

W e already have a Microwave class that im plem ents this ICoreMicrowave interface.

Let's say w e create an abstraction by creating a new  interface that is presented to the
client for use:

    /// <summary> 
    /// It gives one touch functionality 
    /// </summary> 
    public interface INewPremiumMicrowave 
    { 
        void SelectFood(FoodType foodType); 
        void Start(); 
    }

Take a look at its im plem entation; it basically uses an existing im plem entation in a
sm art w ay and proves that an abstraction can vary quite independently from  its core
im plem entation:

    public class NewPremiumMicrowave : INewPremiumMicrowave 
    { 
        private ICoreMicrowave _microwave; 
        private int[] _temperatureValuesForFood; 
        private int[] _timeValuesForFood; 

        public NewPremiumMicrowave(ICoreMicrowave microwave) 
        { 
            _microwave = microwave; 

            //Storage of pre-determined values 
            _temperatureValuesForFood = new int[] { 180, 180, 150,
              120, 100, 90, 80 }; 
            _timeValuesForFood = new int[] { 300, 240, 180, 180, 150,
              120, 60 }; 
        } 

        public void SelectFood(FoodType foodType) 
        { 
            _microwave.AdjustTime(_temperatureValuesForFood[
              (int)foodType]); 
            _microwave.AdjustHeatingTemperature(
              _temperatureValuesForFood[(int)foodType]); 
        } 

        public void Start() 
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        { 
            _microwave.Start(); 
        } 
    }

In the sam ple im plem entation, you can see that the NewPremiumMicrowave class
fundam entally uses the sam e m icrow ave im plem entation just by sm artly pre-setting
som e of the heating tem perature and tim e duration values and by efficiently utilizing
the existing m icrow ave engine.

You can see that, w hen such kind of feature (that is, enhancem ent in the interface is
needed w ithout necessarily changing the im plem entation) needs to be im plem ented,
the bridge pattern is the right w ay to do it.
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Flyw eight pattern
The flyw eight pattern enables the sharing of inform ation in a resource-efficient w ay.
You use it w hen you typically have the sam e inform ation segm ent in a large num ber of
objects and you decide to share this inform ation betw een all of these large num ber of
objects instead of having the sam e copy of inform ation contained inside all of them .

For exam ple, let's say in a softw are application, you have a list of a m illion
em ployee records for a group of com panies, and several thousands of em ployees
belong to the sam e com pany and thus have sim ilar inform ation for their em ployer.
Instead of having this inform ation repeatedly copied into all of the em ployee objects,
w e share the com m on inform ation into a separate object and let all those em ployees
refer to the sam e object. In this w ay, w e save a lot of m em ory space. N ote that this is
alm ost the w ay in w hich w e design and relate entities in the relational database.

In m ost of the popular program m ing languages, there are som e types that are
im m utable, for exam ple, strings and other prim itive types. This m eans that, if there is
another object w ith the sam e value (the sam e characters) of the string, it w ill not have
its ow n copy of strings; rather, they refer to the sam e string in m em ory as m anaged by
the runtim e. The string is im m utable in .N ET as w ell as in Java.

It is quite com m on to have flyw eight objects to be im m utable objects so that they
autom atically share the sam e m em ory space, such as the string value of the com pany
nam e.

In general im plem entations, w e have a flyw eight factory that provides the flyw eight
objects that are then shared across. The client code uses this factory to get/add the
flyw eight objects in a w ay that this factory actually acts as m em ory storage or holder
of the flyw eight (shared) objects.

Let's look at the flyw eight's general UM L diagram :
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W e w ill now  consider a practical exam ple of the flyw eight pattern. Let's say w e have
a flight reservation system  that has a list of flights, passengers booked in them , and
the reservation records.

Since the flight num ber and its m eta inform ation is shared across various reservations
and passengers, w e create the flyw eight of the flight objects; all the flight objects are
im m utable objects (basically carrying only the string m em bers) so that they becom e
resource-efficient for sharing. Consider the follow ing diagram :

Let's jum p into the code and look at how  classes actually look like in C# for .N ET
C ore. W e first look at the flyw eight factory class, its design, and the sam ple code:

    public class FlightList 
    { 
        /// <summary> 
        /// Thread-safe internal storage 
        /// </summary> 
        private readonly ConcurrentDictionary<string,
        Flight> _cache = new ConcurrentDictionary<string, Flight>(); 

        public FlightList() 
        { 
            PopulateFlightList(); //List of available flights
            by the given carrier (airline) 
        } 

        /// <summary> 
        /// Returns immutable (and shareable flyweights) instances 
        /// </summary> 
        /// <param name="flightNumber"></param> 
        /// <returns></returns> 
        public Flight GetFlight(string flightNumber) 
        { 
            Flight flight = null; 
            if (_cache.TryGetValue(flightNumber, out flight))
            return flight; 
            throw new FlightDoesNotExistException(); 
        } 

        public void AddFlight(string flightNumber, string from,
        string to, string planeType) 
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        { 
            var flight = new Flight(flightNumber, from, to,
              planeType); 
            _cache.AddOrUpdate(flightNumber, flight, 
            (key, oldFlight) => flight); 
        }

The factory object allow s the adding and retrieving of the flight (flyw eight) objects
and holds them  in a thread-safe dictionary. W e have added a dum m y code fragm ent to
populate a few  dum m y flights just for dem o purposes. You can see them  in the actual
code, but it's not im portant for the pattern.

H ere is our Flight class, w hich is an im m utable flyweight object:

    public class FlightList 
    { 
        /// <summary> 
        /// Thread-safe internal storage 
        /// </summary> 
        private readonly ConcurrentDictionary<string, Flight> _cache = 
          new ConcurrentDictionary<string, Flight>(); 

        public FlightList() 
        { 
            PopulateFlightList(); //List of available flights by 
            the given carrier (airline) 
        } 

        /// <summary> 
        /// Returns immutable (and shareable flyweights) instances 
        /// </summary> 
        /// <param name="flightNumber"></param> 
        /// <returns></returns> 
        public Flight GetFlight(string flightNumber) 
        { 
            Flight flight = null; 
            if (_cache.TryGetValue(flightNumber, out flight))
            return flight; 
            throw new FlightDoesNotExistException(); 
        } 

        public void AddFlight(string flightNumber, 
        string from, string to, string planeType) 
        { 
            var flight = new Flight(flightNumber, from, to, 
              planeType); 
            _cache.AddOrUpdate(flightNumber, flight,
              (key, oldFlight) => flight); 
        }

The follow ing FlightReservation class uses the FlightList factory class to get the flights
for each reservation and binds them  into a Reservation object:

    public class FlightReservation 
    { 
        private readonly IList<Reservation> _reservations = new 
          List<Reservation>(); 
        private FlightList _flightList; 

        public FlightReservation(FlightList flightList) 
        { 
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            _flightList = flightList; 
        } 

        public void MakeReservation(string lastName, string id, 
        string flightNumber) 
        { 
            int pnr = PNRAllocator.AllocatePNR(lastName, id); 

            //Flyweight-Immutable object is returned which will be 
            shared between all instances 
            Flight flight = _flightList.GetFlight(flightNumber); 

            _reservations.Add(new Reservation(pnr, flight)); 
        } 

        public void DisplayReservations() 
        { 
            //Print Total Reservations: _reservations.Count; 
            foreach (var reservation in _reservations) 
                reservation.Display(); 
        } 
    }

Take a look at the tiny Reservation class that binds the reservation of a passenger
created by FlightReservation:

    public class Reservation 
    { 
        private readonly int _pnr; 
        private readonly Flight _flight; 

        public Reservation(int pnr, Flight flight) 
        { 
            _pnr = pnr; 
            _flight = flight; 
        } 

        public string Display() 
        { 
            //concat all properties and return as a single string 
            return ""; 
        } 
    }

Finally, let's look at a sim ple .N ET Core X U nit-based test case dem onstrating sam ple
usage. I do not think it requires further explanation, as the test code is fairly straight
forw ard. D o not forget to dow nload the w hole source code from  the Packt w ebsite:

    public class FlyweightTests 
    { 
        private static IServiceProvider Provider { get; set; } 

        [Fact] 
        public void Test_Flyweight_Pattern() 
        { 
            RegisterServices(); 
            FlyweightClient(); 
        } 

        /// <summary> 
        /// Initializing & populating DI container 
        /// </summary> 
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        private void RegisterServices() 
        { 
            IServiceCollection services = new ServiceCollection(); 

            //Adding required dependencies to the DI Container 
            services.AddSingleton<FlightList>(); 
            services.AddTransient<FlightReservation>(); 

            Provider = services.BuildServiceProvider(); 
        } 

        private void FlyweightClient() 
        { 
            var flightReservationSystem = 
              Provider.GetRequiredService<FlightReservation>(); 

            flightReservationSystem.MakeReservation("Qureshi", 
              "NRJ445", "332"); 
            flightReservationSystem.MakeReservation("Senthilvel", 
              "NRI339", "333"); 
            flightReservationSystem.MakeReservation("Khan", 
              "KLM987", "333"); 

            flightReservationSystem.DisplayReservations(); 
        } 
    }
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A  com m entary on structural patterns
Like creational patterns, structural patterns are som etim es im plem ented
interchangeably.
For exam ple, a bridge pattern is often im plem ented using the adapter pattern.
Flyw eight does not necessarily have to be im plem ented only as an im m utable object;
it can be a single instance (using, for exam ple, a singleton) that is shared in various
other classes in different scopes.
A lso, note that, although adapter and bridge patterns m atch very m uch in term s of
im plem entation design, their intent is different: one is to sim plify and unify, w hile the
other is to create further abstractions (that do not necessarily sim plify) on top of an
existing im plem entation.
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B ehavioral patterns
These design patterns are best practices to identify a sim ple w ay to realize
relationships betw een entities in a given situation.

Let's jum p on to our selective behavioral patterns one by one in order to see them  in
detail.
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T he tem plate m ethod pattern
The tem plate m ethod pattern basically defines the steps of an algorithm  inside a class
as a contract w hile deferring som e of the steps (m ethods) to be im plem ented by the
derived classes; hence, it prim arily defines the structure via an abstract base class.

W e w ill explain its im plem entation using an exam ple in continuation of our sam ple
for a G UI app w e created earlier for the abstract factory pattern. In fact, w ithin the
sam e exam ple app, w e cover abstract factory, builder, and tem plate m ethod patterns.

In the abstract factory exam ple, w e presented the IUIAbsFactory interface and m entioned
tw o of the possible im plem entations as DarkUIAbsFactory and LightUIAbsFactory concrete
factory classes. Since the difference in our supposed im plem entation is basically
only the color factor betw een the tw o them es, DarkUIAbsFactory and LightUIAbsFactory, w e
do not need to fully im plem ent all the m ethods of IUIAbsFactory. Therefore, w hat w e
w ill do is create a partial im plem entation as an abstract class and leave the specific
parts of the code algorithm  w hich deals w ith the coloring part to the further derived
classes; that is, w e apply the tem plate m ethod pattern.

For our exam ple code, this ThemeableUIAbsFactory abstract base class looks like the
follow ing:

    public abstract class ThemeableUIAbsFactory : IUIAbsFactory 
    { 
        protected IServiceProvider _provider; 
        private IMenu menu; 

        public ThemeableUIAbsFactory(IServiceProvider provider) 
        { 
            _provider = provider; 
        } 

        #region IUIAbsFactory abstract factory interface 
        public IStatusBar CreateStatusBar() 
        { 
            var statusBar = new StatusBar(); 
            //StatusBar creation Preprocessing.. 
            ApplyThemeOnStatusBar(statusBar); 
            //StatusBar creation Post-processing.. 
            return statusBar; 
        } 

        /// <summary> 
        /// Internal code demonstrates the use of Builder pattern 
        /// </summary> 
        /// <returns></returns> 
        public IWizard CreateWizard() 
        { 
            //Director code for builder pattern 
            var wizardBuilder = _provider.
              GetRequiredService<IWizardBuilder>(); 
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            wizardBuilder.CreateWizardSteps(4); 
            wizardBuilder.AddFrontScreen(); 
            wizardBuilder.AddFinalScreen(); 

            var wizard = wizardBuilder.GetResult(); 

            ApplyThemeOnWizard(wizard); 

            return wizard; 
        } 

        public IMenu GetMenu() 
        { 
            //sort of Singleton resource behaviour 
            if (menu != null) return menu; //only one menu 
            resource will be created 

            menu = new Menu(); 
            //Menu creation Preprocessing.. 
            ApplyThemeOnMenu(menu); 
            //Menu creation Post-processing.. 
            return menu; 
        } 
        #endregion 

        #region Template Methods 
        public abstract void ApplyThemeOnStatusBar(IStatusBar
          statusBar); 

        public abstract void ApplyThemeOnWizard(IWizard wizard); 

        public abstract void ApplyThemeOnMenu(IMenu menu); 
        #endregion 
    }

ThemeableUIAbsFactory is an abstract base class that im plem ents IUIAbsFactory. It
im plem ents alm ost all of the interface m ethods and carefully delegates the
responsibility of filling the gaps, that is, applying them es of colors to the derived
classes. It has provided a tem plate to be follow ed by the derived classes, in our case,
DarkUIAbsFactory and LightUIAbsFactory, so let's look at the code for one of them ; the other
is sim ilar:

    public class DarkUIAbsFactory : ThemeableUIAbsFactory 
    { 
        public DarkUIAbsFactory(IServiceProvider provider) : 
          base(provider) 
        { 
        } 

        public override void ApplyThemeOnMenu(IMenu menu) 
        { 
            //specific implementation 
        } 

        public override void ApplyThemeOnStatusBar(IStatusBar
          statusBar) 
        { 
            //specific implementation 
        } 

        public override void ApplyThemeOnWizard(IWizard wizard) 
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        { 
            //specific implementation 
        } 
    }

From  the im plem entation of DarkUIAbsFactory, you can see that it only has to fill the
tem plate of the abstract m ethods and does not have to w orry about im plem enting the
com plete IUIAbsFactory interface again.
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T he observer pattern
The observer pattern is a pattern to enable the publisher/subscriber scenario
betw een the classes of an application. In this pattern, there is an observable object
that sends events to m any observing objects registered to it for receiving events.

Let's take a look at the class diagram  for the exam ple im plem entation of the observer
pattern:

So, our exam ple is basically talking about a scenario in a user interface-based
application w here you have a KeyboardListener class that is listening to keyboard events
and then there are som e other classes that need to know  about certain key events, for
exam ple, Caps Lock, N um  Lock. In this case, our KeyboardListener class is a publisher
of the event class, and our observers are subscriber classes that are interested in
receiving the key events. In our exam ple, our events that receive the observers are
StatusBar and BalloonNotifier.

First, w e show  you the code of the im portant IKeyObserver interfaces for the observer:

    public interface IKeyObserver 
    { 
        void Update(object anObject); 
    }

This is the code of IKeyObservable for the observable:

    public abstract class IKeyObservable 
    { 
      private IList<IKeyObserver> _observers = new 
        List<IKeyObserver>(); 

      public void AddObserver(IKeyObserver observer) 
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      { 
        _observers.Add(observer); 
      } 

      public void RemoveObserver(IKeyObserver observer) 
      { 
        _observers.Remove(observer); 
      } 

      public void NotifyObservers(object anObject) 
      { 
        foreach (IKeyObserver observer in _observers) 
        { 
          observer.Update(anObject); 
        } 
      } 
    }

N ow  let's take a look at the im plem entation of the code for our observable class, that
is, KeyboardListener:

    public class KeyboardListener : IKeyObservable 
    { 
        public void SartListening() 
        { 
            ListenToKeys(); //Normally it would be a 
              continous process.. 
        } 

        /// <summary> 
        /// Listen and notify only the interested keys 
        /// </summary> 
        private void ListenToKeys() 
        { 
            ObservedKeys key; 

            //Got the key, we are interested in.. 
            key = ObservedKeys.NUM_LOCK; 

            NotifyObservers(key); 
        } 
    }

This is the code for our sim ple observing class StatusBar that receives events to show
their key status in the display area of the status bar control:

    public class StatusBar : IKeyObserver 
    { 
      public void Update(object anObject) 
      { 
        Trace.WriteLine("StatusBar - Key pressed: " + 
          anObject.ToString()); 
      } 
    }

N ow  take a look at our sam ple client test code:

    public class ObserverTests 
    { 
        [Fact] 
        public void Test_Observer_Pattern() 
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        { 
            var listener = new KeyboardListener(); 
            var statusBar = new StatusBar(); 
            var balloonNotifier = new BalloonNotifier(); 

            listener.AddObserver(statusBar); 
            listener.AddObserver(balloonNotifier); 

            listener.SartListening(); 

            listener.RemoveObserver(balloonNotifier); 
            listener.SartListening(); //trigger a new 
              notification again 
        } 
    }

This code produces the follow ing outcom e:

StatusBar - Key pressed: NUM_LOCK
BalloonNotifier - Key pressed: NUM_LOCK
StatusBar - Key pressed: NUM_LOCK

The output confirm s that w hen a key event, NUM_LOCK, is triggered, it is received by all
the observers w aiting for the key event, and w e can dynam ically add and rem ove the
observers. This sum m arizes our sam ple for the observer pattern.
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T he chain of responsibility pattern
The chain of responsibility pattern prom otes loose coupling by separating the request
senders from  the request receivers and processors. It w orks like how  a sender sends
a request to be fulfilled to one of the receiver objects, and this object either fulfills
the request and returns, or it partially fulfills the request, does not process the
request, and sends the request to the next request receiver/processor object until it
has been handled. In this w ay, all the request receivers, processors, or handlers are
chained to each other.

A m ore com m on exam ple of this pattern is this: say, w e have a request to purchase an
item  and it requires an approval; it depends on the value of an item  w hether it can be
approved by a m anager, SVP, or C EO . So in this scenario, w e send the request for
approval to a m anager first; if he can fulfill the request, it is satisfied there.
O therw ise, the m anager sends the request to its successor, SV P, and so on to all the
connected request receiver objects autom atically, w hile the request sender does not
know  w here it should be actually handled and all the receivers chained together w ork
sm oothly until it has been com pletely handled.

Let's take a look at the UM L class diagram  for the chain of responsibility pattern:

The class diagram  is sim ple; the client w ho is the request sender basically has the
instance of one request and sends the com m and to it; one request handler keeps the
instance of another request handler, and so on. N ote that in this w ay, request handlers
are chained together and, therefore, processing can take place only sequentially and
only in one direction.

A s m entioned earlier, in a chain of responsibility, either the request handler can skip
and pass the request to its successor, or it can process it or partially process and pass
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it forw ard to the next one in the chain.

W e w ill now  take a fairly practical exam ple for the chain of responsibility pattern.
Let's say w e have som e kind of an app that needs to display the w eather inform ation
containing various attributes such as the m ap, tem perature, and so on. In our exam ple,
w e w ill fill the request com m and object partially by each request handler, and w hen
it reaches the last one, the request is fulfilled.

This is w hat our exam ple request com m and object looks like:

    public class WeatherStructure 
    { 
      public WeatherStructure() 
      { 
        Temperature = new Temperature(); 
        Map = new Map(); 
        WeatherThumbnail = new WeatherThumbnail(); 
        WeatherDescription = new WeatherDescription(); 
      } 

      public Temperature Temperature; 
      public Map Map; 
      public WeatherThumbnail WeatherThumbnail; 
      public WeatherDescription WeatherDescription; 
    }

W e w ill fill each of the four attributes one by one by four request handlers chained
together. The interface for the request handler for our exam ple is as follow s:

    public abstract class IWeatherInfoBuilder 
    { 
      protected IWeatherInfoBuilder _successor; 

      public void SetSuccessor(IWeatherInfoBuilder successor) 
      { 
        _successor = successor; 
      } 

      public abstract void BuildWeatherObject(WeatherStructure ws); 
    }

O ne of the request handlers looks like this, w hile all other request handlers look and
w ork the sam e w ay:

    public class WeatherMapBuilder : IWeatherInfoBuilder 
    { 
      public override void BuildWeatherObject(WeatherStructure ws) 
      { 
        BuildMap(weatherStructure.Map); 

        if (_successor != null) 
        _successor.BuildWeatherObject(weatherStructure); 
      } 

      private void BuildMap(Map map) 
      { 
        //construct Map appropriately 
        map.MapURL = "https://maps.google.com/"; 
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      } 
    }

N ote how  the request handlers are chained together: first, the successive request
handler is taken and saved in SetSuccessor() and used for chained processing; w hen the
request is being handled in BuildWeatherObject() after the handling is done, the successor
is invoked because, in this exam ple, w e are processing the request com m and
partially by each of the request handlers.

Let's take a look at w hat the client code looks like and w ho acts as a request
com m and object sender:

    public void Test_ChainOfResponsibility_Pattern() 
    { 
      IWeatherInfoBuilder wInfoBuilder1 = new 
        WeatherDescriptionBuilder(); 
      IWeatherInfoBuilder wInfoBuilder2 = new
        WeatherMapBuilder(); 
      IWeatherInfoBuilder wInfoBuilder3 = new 
        WeatherTemperatureBuilder(); 
      IWeatherInfoBuilder wInfoBuilder4 = new 
        WeatherThumbnailBuilder(); 

      wInfoBuilder1.SetSuccessor(wInfoBuilder2); 
      wInfoBuilder2.SetSuccessor(wInfoBuilder3); 
      wInfoBuilder3.SetSuccessor(wInfoBuilder4); 

      WeatherStructure weather = new WeatherStructure(); 
      wInfoBuilder1.BuildWeatherObject(weather); 
    }

The client code is sim ple and all the chained request processing is achieved by a
single line--wInfoBuilder1.BuildWeatherObject(weather);

Chained request handlers fill each attribute of WeatherStructure one by one.
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T he visitor pattern
The visitor pattern allow s you to separate an algorithm  via the visitor class from  an
object structure (aggregating elem ents) so that the new  operations can be added
w ithout m odifying the object structure.

It's a cleaner w ay by design for an old w ay of C++ friend class, w hich is allow ed to
access the private m em bers of another class.

In sim ple w ords, you break the class into tw o classes, one only w ith
elem ents/variables, and another only w ith the m ethods. In this w ay, you keep the one
w ith variables the sam e w hile varying the m ethods, that is, algorithm s in the other
class. You define the m ethods grouped together in an interface called visitor so that
you can have m ore than one im plem entation of this visitor interface, w hich m eans that
you can have a com pletely different set of im plem entations w hile w orking on the
sam e set of attributes / variables / elem ents.

Before w e jum p into a realistic exam ple code, let's close the definition by the UM L
class diagram :

W e w ill use the sam e exam ple w e used for the chain of responsibility pattern, that is,
filling up WeatherStructure, w hich is our O bject Structure for the visitor pattern. It
contains four elem ents IWeatherElement m apping to the elem ent of the visitor pattern as
Map, Temperature, Description, and Thumbnail.

W e w ill have tw o versions of concrete visitors (YahooWeatherBuilder,
ForecastIOWeatherBuilder); w e w ill also see tw o w ays of visitor (AnotherWeatherManipulator)
m ethod's signature im plem entation. Ensure that you dow nload and see the full version
of the code for visitor pattern and others.
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The interface for the Element is as follow s:

    /// <summary> 
    /// Interface for the Visitable class (The class to be visited
    by the visitor class) 
    /// </summary> 
    public interface IWeatherElement 
    { 
      void ManipulateMe(IWeatherManipulator weatherManipulator); 
    }

The interface for the Visitor class is as follow s:

    /// <summary> 
    /// Interface for the Visitor object 
    /// </summary> 
    public interface IWeatherManipulator 
    { 
      void ManipulateElement(IWeatherElement weatherElement); 
    }

The object structure that aggregates the w eather elem ents looks like the follow ing:

    public class WeatherStructure 
    { 
      private Temperature _temperature; 
      private Map _map; 
      private WeatherThumbnail _weatherThumbnail; 
      private WeatherDescription _weatherDescription; 

      private IWeatherManipulator _weatherBuilder; 

      public WeatherStructure(IWeatherManipulator weatherBuilder) 
      { 
        _weatherBuilder = weatherBuilder; 

        _temperature = new Temperature(); 
        _map = new Map(); 
        _weatherThumbnail = new WeatherThumbnail(); 
        _weatherDescription = new WeatherDescription(); 
      }...

O ur test client code looks like the follow ing:

    WeatherStructure weatherStructure = new WeatherStructure(new 
    YahooWeatherBuilder()); 
    weatherStructure.BuildWeatherStructure();

To use the other im plem entation of the visitor pattern, that is, to apply the different
algorithm  on the sam e set of elem ents, that is, the object structure, w e just have to do
the follow ing:

    WeatherStructure weatherStructure = new WeatherStructure(new 
    ForecastIOWeatherBuilder()); 
    weatherStructure.BuildWeatherStructure();

Let's take a look at the sim ple code for BuildWeatherStructure():

www.EBooksWorld.ir



    void BuildWeatherStructure() 
    { 
      _temperature.ManipulateMe(_weatherBuilder); 
      _map.ManipulateMe(_weatherBuilder); 
      _weatherThumbnail.ManipulateMe(_weatherBuilder); 
      _weatherDescription.ManipulateMe(_weatherBuilder); 
    }

This line, _temperature.ManipulateMe(_weatherBuilder), is basically element.visit(visitor).

A w hile ago, I m entioned that w e could have a slight variation in the visitor interface,
and it w ould look like the follow ing:

    interface IAnotherWeatherManipulator 
    { 
      void ManipulateElement(Map map); 
      void ManipulateElement(Temperature temperature); 
      void ManipulateElement(WeatherDescription weatherDescription); 
      void ManipulateElement(WeatherThumbnail weatherThumbnail); 
    }

For the first version of the visitor interface, the im plem entation looks like the
follow ing:

    class WeatherManipulator : IWeatherManipulator 
    { 
      public void ManipulateElement(IWeatherElement weatherElement) 
      { 
        if (weatherElement is Map) 
          BuildMap(weatherElement); 
        else if (weatherElement is Temperature) 
          BuildTemperature(weatherElement); 
        else if (weatherElement is WeatherDescription) 
          BuildWeatherDescription(weatherElement); 
        else if (weatherElement is WeatherThumbnail) 
          BuildWeatherThumbnail(weatherElement); 
      }

This m eans that w e have to check the exact type of elem ent in order to m anipulate it
effectively; on the other hand, the other variation of the visitor interface as a concrete
type is passed into its argum ent, so the type checking inside the function is not
required. B oth are valid im plem entations of the visitor pattern.

If you still have any confusion about this exam ple visitor pattern, take a look at the
com plete source code and have fun.
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T he strategy pattern
The strategy pattern basically allow s an algorithm  to be selected dynam ically at
runtim e w ithout m odifying the client code.

For exam ple, if w e have lot of input data from  past w eather inform ation and w e need
to forecast the w eather, w e could perhaps infer based on purely statistical values
from  the past or from  an algorithm  doing som e kind of scientific m anipulation or
both. A fter doing the calculations, w e w ould w ant to com pare the results to check the
effectiveness, for exam ple. In this scenario, instead of changing the client code each
tim e, w e just supply a different algorithm  im plem entation to the client, thus incurring
m aybe just a single line of code change. So, the strategy pattern lets the algorithm
vary independently from  clients using it.

The sim ple UM L diagram  for the strategy pattern looks like the follow ing:

Let's talk about the exam ple code. W e w ant to travel betw een tw o points, A and B, on
the m ap and need to calculate the duration. W e encapsulate the duration calculation
algorithm  in the strategy so that w e can calculate the duration w hile traveling in the
car and traveling via public transport. Therefore, our class diagram  w ill look like the
follow ing for our exam ple code:

Jum ping on to the code, let's look at the code of the context class, that is,
TravelDurationCalculator:

    public class TravelDurationCalculator 
    { 
      private IDurationCalculator strategy; 

      public TimeSpan Measure(string pointA, string pointB) 
      { 
        return strategy.Measure(pointA, pointB); 
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      } 

      //Change the strategy 
      public void SetCalculator(IDurationCalculator strategy) 
      { 
        this.strategy = strategy; 
      } 
    }

From  this class, you know  how  the flow  is controlled, so let's see the interface for
our strategy:

    public interface IDurationCalculator 
    { 
      TimeSpan Measure(string pointA, string pointB); 
    }

N ow  let's see the sim ple code for our classes im plem enting the strategies:

    /// <summary> 
    /// Travel duration calculating strategy using car 
    /// </summary> 
    public class CarDurationCalculator : IDurationCalculator 
    { 
      public TimeSpan Measure(string pointA, string pointB) 
      { 
        //Calculate and return the time duration value.. 
        return new TimeSpan(4, 46, 0); 
      } 
    } 
    /// <summary> 
    /// Travel duration calculating strategy using public
    transport (bus, tram, train..) 
    /// </summary> 
    public class PublicTransportDurationCalculator :
      IDurationCalculator 
    { 
      public TimeSpan Measure(string pointA, string pointB) 
      { 
        //Calculate and return the time duration value.. 
        return new TimeSpan(6, 02, 0); 
      } 
    }

A fter seeing this ultim ate algorithm  for the travel duration calculator, let's look at
w hat the client code w ould look like the follow ing:

    public void Test_Strategy_Pattern() 
    { 
      string pointA = "Berlin"; 
      string pointB = "Frankfurt"; 
      TimeSpan timeSpan; 
      var durationCalculator = new TravelDurationCalculator(); 

      durationCalculator.SetCalculator(new 
        PublicTransportDurationCalculator()); 
      timeSpan = durationCalculator.Measure(pointA, pointB); 
      Trace.WriteLine(pointA + " to " + pointB + " takes " + 
        timeSpan.ToString() + " using public transport."); 

      durationCalculator.SetCalculator(new CarDurationCalculator()); 
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      timeSpan = durationCalculator.Measure(pointA, pointB); 
      Trace.WriteLine(pointA + " to " + pointB + " takes " + 
      timeSpan.ToString() + " using car."); 
    }

The output of this client test code is as follow s:

Berlin to Frankfurt takes 06:02:00 using public transport.
Berlin to Frankfurt takes 04:46:00 using car.

I hope this w onderful design pattern is w ell understood now .
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T he state pattern
The state pattern allow s the change in the object's behavior based on the change of its
state.

If the state is changing for an object, the behavior autom atically changes as w ell. For
exam ple, a person w hose state is nervous behaves strangely, w hile a person w hose
state is happy behaves in a m ore positive w ay.

The state pattern basically im plem ents the state m achine in a w ay that each state is a
derived class of a state interface, and they alter betw een them  jum ping from  one state
to another, thus dynam ically updating the behavior as per the state.

Let's jum p to our exam ple. W e w ant to know  the num ber of days in a season, either
sum m er, w inter, autum n, or spring. W e w ill alw ays invoke one single m ethod to know
the num ber of days w hile w e w ant the object to shift its state autom atically to the next
season and therefore change its behavior and give us the different num ber of days on
the next call to the sam e m ethod.

The UM L class diagram  for the state pattern applied to our exam ple looks like the
follow ing:

N ow  it's tim e to m ake things m ore clear, so let's talk code. First of all, I w ill show
you the client code so that w e can see the big picture directly, w hich I m ight have
failed to explain very clearly:

    public void Test_State_Pattern() 
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    { 
      var weatherTeller = new WeatherTeller(); 

      var weatherDays = weatherTeller.GetWeatherDays(); 
      Trace.WriteLine(string.Format("Name: {0} - Days: {1}",
        weatherDays.Weather, weatherDays.Days)); 

      weatherDays = weatherTeller.GetWeatherDays(); 
      Trace.WriteLine(string.Format("Name: {0} - Days: {1}",
        weatherDays.Weather, weatherDays.Days)); 

      weatherDays = weatherTeller.GetWeatherDays(); 
      Trace.WriteLine(string.Format("Name: {0} - Days: {1}",
        weatherDays.Weather, weatherDays.Days)); 

      weatherDays = weatherTeller.GetWeatherDays(); 
      Trace.WriteLine(string.Format("Name: {0} - Days: {1}",
        weatherDays.Weather, weatherDays.Days)); 

      weatherDays = weatherTeller.GetWeatherDays(); 
      Trace.WriteLine(string.Format("Name: {0} - Days: {1}",
        weatherDays.Weather, weatherDays.Days)); 
    }

Let's look at the interface for the context and the class im plem enting the WeatherTeller
context:

    internal interface IStateContext 
    { 
      void SetState(IWeatherDaysTellerForState newWeatherState); 
    }

This is the interface for the im planting class:

    public class WeatherTeller : IStateContext 
    { 
      private IWeatherDaysTellerForState weatherDaysTellerState; 

      public WeatherTeller() 
      { 
        weatherDaysTellerState = new SummerDaysTeller(); 
      } 

      public WeatherDays GetWeatherDays() 
      { 
        return weatherDaysTellerState.GetWeatherDays(this); ; 
      } 

      /// <summary> 
      /// Internal interface IStateContext implementation 
      /// </summary> 
      void IStateContext.SetState(IWeatherDaysTellerForState
        newWeatherState) 
      { 
        weatherDaysTellerState = newWeatherState; 
      } 
    }

The interface for the state classes:

    internal interface IWeatherDaysTellerForState 
    { 
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      WeatherDays GetWeatherDays(IStateContext stateContext); 
    }

Finally, here is the code for one of the state classes:

    internal class SummerDaysTeller : IWeatherDaysTellerForState 
    { 
      public WeatherDays GetWeatherDays(IStateContext stateContext) 
      { 
        stateContext.SetState(new AutumnDaysTeller()); 

        return new WeatherDays() 
        { 
          Weather = "Summer", 
          Days = 150 //5 months * 30 
        }; 
      } 
    }

This com pletes our state pattern. In fact, this is the last design pattern w e cover in
this chapter.

I im agine you have understood this pattern as w ell as the others. D ow nload the
com plete source code and run through the code to get the com plete essence.
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A  com m entary on behavioral patterns
Som etim es, som e behavioral patterns overlap each other, w hile other tim es, they
m ake perfect individual sense uniquely. For exam ple, in term s of the class diagram ,
the structural im plem entation state and strategy patterns are quite sim ilar, but they
exhibit com pletely different behavior as w ell as have their ow n different intent.
Rem em ber, the state pattern alw ays involves a state m achine situation.

O ne could argue that there is an overlap betw een the chain of responsibility and the
decorator pattern; w hile both satisfy the single responsibility principle, one tackles
the addition of the functionality dynam ically through the design of the structure and
other via its behavior. A lso, there is a big difference betw een the class diagram  and
im plem entation of the decorator and the chain of responsibility pattern.

www.EBooksWorld.ir



Sum m ary
A ll of these design patterns satisfy the S.O .L.I.D  object-oriented design principles.
G oing through this chapter not only helped you revise your G oF patterns and
fundam ental S.O .L.I.D  principles, but it w ill also help you keep in m ind w hen you
are designing your new  classes to solve certain problem s and hence increase the
quality of your softw are.

W e also covered som e fundam entals of Inversion of Control via dependency injection
and also w ent though som e exam ples of D I using .N ET Core. You w ould have also
noticed that w ith the advent of D I, a lot of G oF patterns are autom atically taken care
of by the D I pattern. For exam ple, alm ost all of the creational patterns can be
replaced by the D I, w hile for m any others, D I can com plem ent them  by taking care of
part of their responsibility w ith regards to their im plem entation.

I hope you enjoyed this chapter as m uch as I did. This chapter provides the solid and
essential basis for all of the design and code-heavy chapters in the rem ainder of this
book.
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D istributed C om puting
In the previous chapter, w e looked at m odern design and developm ent principles that
are essential to quality and m aintainable code and stable yet flexible application
design. Learning is through som e of the m ost used design patterns and their
im plem entation using the .N ET C ore code. D istributed com puting is an art of
com puting to interact w ith a collection of independent system s in the field of
com puter science. In this chapter, you w ill get an opportunity to understand the
fundam entals of this com puting and application in the enterprise w orld. It starts w ith
the definition, follow ed by its core characteristics, such as concurrency, scalability,
transparency, security, and so on. In the m odern w orld, distributed com puting has a
vital role to play.

This chapter w ill cover the follow ing topics:

W hat are D istributed applications?
M ultithreaded program m ing
Concurrency versus parallelism
D esign challenges to build the distribution
Scalability
Security
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U nderstanding D istributed applications
To understand distributed applications in a better w ay, w e can start w ith the
definition of the com puting, follow ing w ith com parison points.
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D efinition
In the early days of com puter evolution, m ainfram e com puters w ere heavily used in
the industry. By design, the legacy m ainfram e w as perform ed on a single system  and
w as called centralized com puting

A distributed system  is a collection of independent com puters, interconnected via a
netw ork. The core objective of the netw ork is to collaborate and com plete a
particular task. Fundam entally, distributed com puting is com puting perform ed in a
distributed system . Consider the follow ing diagram :

H istorically, distributed system s have been successful because of the availability of
pow erful and cheaper m icroprocessors in personal com puters, em bedded system s,
personal digital assistant, and so on. M ost im portantly, the continuous advancem ent in
com m unication technology has been key to their success.
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C om parison
O n com paring distributed com puting w ith the traditional centralized com puting
m odel, it can be tabulated as follow s:

Sr.N o. C entralized D istributed

1 M onolithic architecture w ithin a
single system .

D istributed architecture across the
netw ork.

2
In term s of functionality, separate
and single function applications are
designed.

Integrated applications are
designed in term s of functionality.

3 A pplications can't share data or
other app resources by design.

By design, applications can share
all types of resources.

4 M ainfram e-based applications are
developed using this approach.

M odern m ulti-layer/tier
applications are designed based
on this m ethodology.

5 Proprietary user interfaces are
developed here.

Com m on user interfaces are
designed here.

In term s of econom ics, the distributed system  allow s the pooling of resources,
including CPU cycles, data storage, input and output devices, and services in the
enterprise system .
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M ultiprogram m ing
Since the advent of the Internet in the 1980s, there has been a steady grow th of new
enterprise applications being built on distributed processing. In recent tim es, there
has been an explosive grow th in netw ork technology expansion. The technical
journey goes in the w ay of intranet, Internet, W orld W ide W eb, w ireless netw ork,
G PS, RFID  (Radio Frequency Identifier), and so on.

In the em erging w orld of global com puting, distributed com puting is the core central
piece of all com puting.

A ccording to  the fundam entals of com puting, there are four core com ponents,
nam ely:

Input
Process
Storage
O utput

The Input phase ingests the data and com m ands into C PU  using one or m ore input
devices. The Process phase perform s the execution of the input data and turns it into
useful inform ation as O utput. D uring this process, it persists the useful data into the
Storage layer.

In general it is a bit confusing betw een m ultiprogram m ing and m ultithreading in
parallelism  context. Few  sim ple exam ples clear the differentiation in a perfect w ay.

M ultiprogram m ing is the capability of an operating system  to execute m ore than one
program  on a single m achine. A classic exam ple is to run m ore than one program ,
such as Excel, Internet Explorer, w ord, and m ore, in a W indow s operating system :
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In a sim ilar trend, m ultithreading has the ability of an operating system  to execute
different parts of a program , nam ely--threads. It is depicted in the follow ing diagram :

In a different dim ension, threads are considered as child processes to share the
parent process resources, but execute independently. In term s of parallel execution,
m ultiple threads of a single process shares the single CPU system  on tim e-sliced
basis. A classic exam ple is a m ultiple docum ent process using a single W ord
process.
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T hread synchronization
In m y w ork experience, associates alw ays felt that m ultithreaded applications
provide the illusion that num erous activities are happening at m ore or less the sam e
tim e.  Interestingly, on observing CPU /system  reality, it is considered as Tim e Slice
to sw itch betw een different threads. It is based on round-robin m ethodology.

Process-based m ultitasking handles the concurrent execution of program s, w hile
thread-based m ultitasking deals w ith the concurrent execution of pieces of the sam e
program .

In this section, it is essential to highlight the risk factor of thread collision during a
m ultithreading process in an enterprise application.  O n building any m ultithreaded
application, shared data should be protected from  the possibility of m ultiple thread
engagem ent w ith its content/value.

Let's illustrate w ith a sim ple exam ple:

    static void Main(string[] args)
    {
        Console.WriteLine("Demo of Thread Synchronize");
        Console.WriteLine("##########################");
        Console.WriteLine("Main Thread starts here...");
        WorkerThreadClass p = new WorkerThreadClass();

        /* Group of 7 threads creation
         * for synchronize execution
         */
        Thread[] threadList = new Thread[7];
        for (int i = 0; i < 7; i++)
        {
            threadList[i] = new Thread(new
              ThreadStart(p.SyncThreadProcess));
        }
        foreach (Thread thread in threadList)
        {
            thread.Start();
        }
        Console.WriteLine("Main Thread ends here...");
        Console.ReadLine();
    }

N ow , the key factor is to protect the shared block using the lock option. It requires us
to specify a token to acquire by a thread to enter w ithin the lock scope:

    class WorkerThreadClass
    {
      // Synchronization Lock object
      private Object ThreadLock = new object();
      public void SyncThreadProcess()
      {
        //Lock to synchronize
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        lock (ThreadLock)
        {
          Console.WriteLine("Starting Thread with ID: {0}", 
            Thread.CurrentThread.ManagedThreadId);
          Console.WriteLine("Lock the operation of Thread");
          for (int i = 1; i <= 10; i++)
          {
            Console.Write(i + " ");
          }
          Console.WriteLine("n Release the Lock to
            other Thread");
        }
      }
    }

O n attem pting to lock dow n an instance-level m ethod, the execution can sim ply pass
the reference to that instance. O nce the thread enters into a lock scope, the lock token
(in our exam ple, the  ThreadLock object) is inaccessible by other threads until the lock
is released or the lock scope has exited.

The execution result depicts the process in a clear w ay, as show n here:
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Storage
A s there has been rapid developm ent in the electronics and com m unication space, the
industry has released the hardw are com ponents w ith cost-effective and highly
efficient m odes. In this direction, com puter architecture is designed w ith the
interconnected m ultiple processors types in tw o form s:

Tightly coupled system
Loosely coupled system

In tightly coupled system , there is a single system -w ide prim ary m em ory, w hich is
shared by all the processors in the ecosystem . A s the nam e depicts, any sort of
com m unication is executed in the closed tightly couple environm ent of the com m on
shared m em ory route, as defined here:

Let's take an exam ple in the m ultiprocessor environm ent. Processor 1 w rites value
100 into the shared m em ory address location ADDR1. Subsequent reads by the rest of
the processors w ill be the sam e value, 100, from  the ADDR1 location. It w ill be valid
until there are any further updates on the specific location.

If you take the sam e scenario in the loosely coupled system , each processor contains
its ow n independent local m em ory to persist the value. It doesn't share any m em ory
location across the processors. By design, m essage-bound inter-process
com m unication is established. B y architecture, this is term ed M essage D riven
A rchitecture in the com puting industry.

W ith the concept of fundam entals, the first version tightly coupled system  is built
using parallel com puting. The second version Loosely Coupled system  is based on
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distributed com puting.

O n analyzing the need for hard disk capacity (G B ) in personal com puters, the plot is
interestingly logarithm ic. The lesson learned is that the industry fitted line
corresponds to exponential grow th.
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Process
In sim ple term s, the com puting process is defined as an instance of a softw are
program  to execute a set of predefined activities to generate the result as the output.
In the hardw are of the com puters, CPU  is the core com ponent of the process in w hich
C ontrol U nit (C U ) and A LU  (A rithm etic Logic U nit) are the fundam entals to
execute.

Perform ance is the key success indicator of the process. There are tw o aspects to
a perform ance im provem ent schem e. The first is to execute m ultiples of a single job
instance. This refers to concurrency and parallelism . H ow ever, both objectives are
the sam e, and they have quite distinct concepts.

The second aspect is the m ultiple folds at the m achine level. It is a foundation for the
scaling concepts of scale up and scale out. W e w ill discuss scalability in detail at the
end of this chapter.
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C oncurrency
In concurrent com puting, the program  is decom posed into m ultiple threads to execute
the control w ith distinct responsibilities. M ultithreads m ay run either sim ultaneously
or in turn based on the system  infrastructure. By design, there are tw o m ain concepts.
They are as follow s:

H ow  are the processes scheduled to execute?
H ow  does the coordination process synchronize to produce the result?

Let's take a sim ple exam ple. The given business problem  statem ent is converted into
a softw are program . M ultiple instructions of the program  are decom posed into
logical independent splits, nam ed Thread.

Therefore, the program /problem  'p' is split into 't' threads (t1, t2,...tN ), the execution
target at one CPU processor.

The scheduler com ponent drafts the execution order after m aking several independent
instructions associated w ith threads. The coordination process is quite interesting in
the w ay that m ultiple threads of control cooperate to com plete the task for producing
the end result. Thus, concurrency is virtual parallelism  through a shared m ode, such
as tim e slicing.

A s w e know , concurrency system s have several processes that are executing
sim ultaneously. These processes can interact w ith each other w hile they are
executing. O n the flip side, concurrency m ay trigger indeterm inacy am ong the
resulting outcom e that leads to issues such as deadlock and starvation. A gain, these
design challenges are properly addressed during the im plem entation phase.

A s a result, concurrent program m ing is im plem ented by splitting the existing task into
m ultiple factors to be executed. C oncisely, concurrency achieves logical execution of
m ultiple tasks at once.
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Parallelism
Parallel com puting has a m ajor design difference w ith the earlier concurrent
com puting. Typically, it reduces the execution cycle/tim ing by taking advantage of the
infrastructure/hardw are ability to execute/com plete m ore than one task at any point of
given tim e.

Parallel com puting leverages various techniques, such as vectorisation, instruction
level parallelism  nam ed super scalar architecture, m ultiprocessing using m ultiple
core processors, and so on. A t a softw are level, there is another m odel in w hich
uniform  operations over aggregate data can be speed up. This is achievable by
partitioning the data and com puting on the partitions sim ultaneously.

Parallelism  is a com bination of softw are and hardw are techniques. It is used to allow
several processes to run in parallel, physically. The prim ary objective is used for
faster com putation in m odern enterprise applications. Take a look at the follow ing
diagram :

In a nutshell, parallelism  achieves the physical execution of m ultiple tasks at once
using m ultiple processors in the ecosystem .
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M ultithreading exercise
In com puting theory, job execution is program m atically spanned using the control
nam ed thread.  Each thread defines a unique flow  of control, but it is controlled by
the m ain program . If you notice that the application is a tim e-consum ing com plicated
independent process, it is advisable to leverage thread program m ing for the efficient
execution. Independent is the key for parallelism .

In .N ET program m ing, threads are created by extending Thread class of System.Threading
library.  O n invoking Start() m ethod of the extended Thread class, the system  kick starts
the child thread execution.  The life cycle of a thread starts w hen an object of the
System.Threading.Thread class is created and ends w hen the thread is term inated or
com pletes execution.

By design, .N ET Core supports m ultithreaded operations in the follow ing tw o w ays:

O w n threads w ith ThreadStart delegates
Using ThreadPool fram ew ork class

A s best practice, it is highly recom m ended to create a new  thread m anually using
ThreadStart for long-running tasks, w hereas ThreadPool only for brief jobs.
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T hreadStart
In term s of im plem entation, let m e explain the details of coding statem ent and its
significance.  A thread does not begin executing w hen it is created in C# program  as
follow s:

    Thread thread = new Thread(job)

In fact, thread execution is scheduled by calling the C# Start m ethod as follow s:

    thread.Start();

To sequence .N ET thread processing, ThreadStart delegate is a param eter w hen
creating a new  thread instance:

    ThreadStart job = new ThreadStart(ThreadJob);

G enerally, w orker thread is referred to describe another thread from  the one that is
doing the w ork on the current thread, w hich, in lots of cases, is a foreground or UI
thread.
It is sim ilar to m aster slave execution m odel in com puting theory.  W ith these
fundam ental coding concepts, sim ple thread program  is w ritten w ith m ain and w orker
thread as follow s:

    /// <summary>
    /// Main method to kick start Job
    /// </summary>
    public static void Main()
    {
      ThreadStart job = new ThreadStart(ThreadJob);
      Thread thread = new Thread(job);
      thread.Start();
      for (int i = 0; i < 5; i++)
      {
        Console.WriteLine("Main thread: {0}", i);
        Thread.Sleep(1000);
      }
      Console.ReadKey();
    }

    /// <summary>
    /// Sub or worker thread is getting triggered here
    /// </summary>
    static void ThreadJob()
    {
      for (int i = 0; i < 10; i++)
      {
        Console.WriteLine("Worker thread: {0}", i);
        Thread.Sleep(500);
      }
    }
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In term s of execution of the preceding code, w orker thread counts from  0 to 9 fairly
fast (about tw ice a second) w hile the m ain thread counts from  0 to 4 fairly slow ly
(about once a second). In turn, fram ew ork execution has discrepancy of execution
betw een m ain thread of 1000m s sleep and w orker thread of 500m s. A s a result, the
execution output on one m achine looks like the follow ing screenshot:

O n observing the code execution's result, it is clear indication that the sleeping thread
w ill im m ediately start running across m ain and w orker threads as soon as the sleep
finishes. O n thread execution, another thread m ay be currently running coincidentally
on a single processor m achine. The im pact is that the current thread needs to aw ait
until the system  thread scheduler shares the processor tim e during the next round of
allocation.
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T hreadPool
ThreadPool is an interesting concept and entirely different from  the earlier approach.
In fact, a collection of threads is created based on the system  resources (like
m em ory) availability. By default, the thread pool has 25 threads per processor.

O n dem and, thread pool size can be scaled up and dow n to m atch the code
execution.  Every thread of ThreadPool is alw ays associated w ith a specific given
task. O n com pletion, the underlying thread w ill return to the pool m anager for further
assignm ents. It has been depicted in the follow ing diagram :

In term s of im plem entation, the System.Threading.ThreadPool class handles the creation of
new  threads along w ith the efficient distribution of consum er and m anagem ent am ong
those threads.

Though there are a num ber of w ays to create thread pool in C#, the sim plest w ay is
by calling ThreadPool.QueueUserWorkItem.

This m ethod allow s us to launch the execution of a function on the system  thread
pool. Its declaration is as follow s:

    ThreadPool.QueueUserWorkItem(new WaitCallback(Consume));

The first param eter specifies the function that w e w ant to execute on the pool.
Fram ew ork expects to m atch the delegate of WaitCallback, as follow s:

    public delegate void WaitCallback(object state);

In term s of im plem entation, here is a sim ple exam ple to illustrate the ThreadPool
concept in .N ET C# code:

    using System;
    using System.Threading;

    namespace PacktThreadSample
    {
      class ThreadPoolTest
      {
        static void Main()
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        {
          Console.WriteLine("Before handover to ThreadPool..");
          System.Threading.ThreadPool.QueueUserWorkItem(
            new WaitCallback(WorkerThread), "Content insider Worker
              Thread");

          Console.WriteLine("Right after ThreadPool retrun..");
          // Give the callback wait time of 2 mins after
          WorkerThread trigger
          // Else App might terminate before the control returns
          Thread.Sleep(2000);
          Console.WriteLine("2 minutes dealy after
            ThreadPool retrun..");
        }
        static void WorkerThread (object parameter)
        {
          Console.WriteLine(parameter);
        }
      }
    }

The only catch in ThreadPool is to handle the asynchronous thread execution. A s the
best practice, the m ain thread needs to aw ait for the com plete w orker thread
execution.  O n executing the preceding C# ThreadPool code, the result w ill be as
follow s:

Technically, thread pooling is essential in m ultithreaded enterprise applications for
response tim e im provem ent, thread m anagem ent, optim ized thread tim ing, and m ore.

ThreadPool can only run so m any jobs at once, and som e fram ew ork classes use it
internally, so you do not w ant to block it w ith m any tasks that need to block for other
things.
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Task Parallel L ibrary (T PL )
TPL is the recent feature in .N ET program m ing for w ell m anaged parallel
processing.  The m ain purpose is to increase the developer's productivity by
sim plifying the program m ing related to parallelism  and concurrency to any enterprise
applications.  In m y view , it is a highly recom m ended approach to w rite parallel
processing code in .N ET.

In spite of sim plicity at TPL, I recom m end the program m ers to have a basic
understanding of the fundam ental threading concepts like deadlocks and race
conditions. By doing so, TPL w ill be effectively used in the source code.

Let's start the im plem entation of TPL w ith a sim ple exam ple by sim ply adding tw o
Threading nam espaces:

    using System;
    using System.Threading;
    using System.Threading.Tasks;

To dem onstrate the execution of TPL, let's w rite tw o independent m ethods to display
integer and characters of a string, w hich w ill be invoked concurrently using the
Parallel.Invoke() m ethod:

    static void PostInteger()
    {
      for (int i=0; i<10; i++)
      {
        Console.WriteLine("Integer Post:" + i);
        Thread.Sleep(500);
      }
    }
    static void PostCharacter()
    {
      const String sampleText = "Packt Thread";
      for (int i = 0; i < sampleText.Length; i++)
      {
        Console.WriteLine("Character Post:" + sampleText[i]);
        Thread.Sleep(1000);
      }
    }

N ow , it is action tim e to execute the preceding m ethods concurrently by the follow ing
code base using Parallel class:

    using System;
    using System.Threading;
    using System.Threading.Tasks;

    namespace PacktThreadSample
    {
      class TaskParallel
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      {
        static void PostInteger()
        {
          for (int i=0; i<10; i++)
          {
            Console.WriteLine("Integer Post:" + i);
            Thread.Sleep(500);
          }
        }
        static void PostCharacter()
        {
          const String sampleText = "Packt Thread";
          for (int i = 0; i < sampleText.Length; i++)
          {
            Console.WriteLine("Character Post:" + sampleText[i]);
            Thread.Sleep(1000);
          }
        }
        static void Main(string[] args)
        {
          Parallel.Invoke(
            new Action(PostInteger),
            new Action(PostCharacter)
            );
          Console.ReadLine();
        }
      }
    }

O n executing the preceding source code, it is interesting to observe the highly
m anaged parallelism  by .N ET fram ew ork. From  the developer's point of view , the
independent parallel m ethods are constructed and just attached in the Parallel.Invoke
m ethod. W ithout any issue, the application is able to achieve in-built parallelism
using sim ple im plem entation. The execution result w ill be as follow s:

Thus, TPL supports the w ell m anaged parallelism  to build .N ET enterprise
applications. Task parallel library helps the developer com m unity to leverage the full
potential of the available hardw are capacity. The sam e code can adjust itself to give
you the benefits across various hardw are. It also im proves the readability of the code
and, thus, reduces the risk of introducing challenging parallel process bugs.
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D esign challenges
By design, the industry alw ays feels it's too difficult to design distributed enterprise
applications. W ith the fundam ental concepts of a loosely coupled system , the lack of
latest current state and consistent inform ation leads to m any synchronization issues in
the design of a distributed system  design. A s w e know , the resources of distributed
applications are physically separated in their ecosystem . D ue to the m issing com m on
resource factors, it is highly possible to have a delay in m essage delivery, and
m essages could even be lost. Consider the follow ing diagram :

In spite of the previously listed com plexities and challenges, distributed applications
m ust be designed to leverage the com plete advantages of the design to the end users.
By leveraging the built-in concepts of the virtual centralized system , the distributed
enterprise application is capable of dem onstrating system  characteristics such as
reliability, transparency, efficiency, security, and easiness.

A s a process to m itigate the listed challenges, the distributed applications are
developed to deal w ith resolving several design issues.
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Transparency
Spatially separated m ultiple users consum e the distributed applications concurrently.
In this condition, it is highly econom ical to build the sharing concept am ong the
existing system  resources for the concurrent execution of the user's request.

By design, one of the existing processes m ust influence the other concurrently
executing process as they m ight com pete for the shared resources. A s a result,
collision m ight occur by m aking concurrent updates in the system . It is highly
recom m ended that you avoid system  collision.

Concurrency transparency is a concept in w hich each user is intended to get a feeling
of the sole usage of the resource in the system . To sim ulate the concept of
concurrency transparency, the distributed system  is recom m ended to get the follow ing
four properties during the resource sharing processes:

In term s of priority-based execution, it is proposed that you have an event-
ordering property. This property ensures access requests to various system
resources, w hich are properly ordered to provide a consistent view  to all users
of the enterprise applications.
To balance the deficiency against the need, no starvation property is
established to ensure the granted resource by not using it sim ultaneously by
m ultiple processes. A s tim e progresses, the resource is eventually released to
grant further access.
To avoid conflict execution in the system , a third property is established, nam ely
m utual-exclusion. This property ensures shared resource accessibility to be
leveraged by one process at any point of tim e.
To handle resource locking seam lessly, the final property is nam ed no-deadlock
property. The core purpose of this property is to prevent resource locking
m utual progress w hile com peting w ith each other in the system .

W ith the capability of transparency in the enterprise environm ent, the distributed
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system  has the ability to deliver the follow ing eight types of transparencies:

A ccess
M igration
Location
Replication
Relocation
Concurrency
Persistence
Failure

Predom inantly, this categorization is driven by hiding the system  resources of
enterprise applications.
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R eliability
A s described in the first section of this chapter, a distributed system  is expected to be
m ore reliable than a centralized system . It seem s that the existence of m ultiple
instances increases the level of system  reliability. O n the flip side, few  design
challenges on loosely coupled system s have the probability of unreliable
characteristics in distributed applications.

Theoretically, reliability is defined as the probability of success. M athem atically, it
is represented as Reliability =  1 - Probability of failure.

A softw are reliability curve is pictorially represented as follow s:

W ith the inference of the preceding graph, softw are reliability is defined as the
probability of the failure rate in the y axis against the specific tim e period in the x
axis for a particular distributed environm ent.

By rolling higher reliability in an enterprise application, it is assured that you w ill be
able to avoid/tolerate system  faults, tolerate faults, and detect/recover from  the
identified faults.
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Fault tolerance
In an enterprise distributed system , there is a high possibility of error generation due
to any m echanical or algorithm ic issue. It is defined as a system  fault that leads to
failure on executing the underlying applications.

In general, faults are classified into three m ajor categories. They are as follow s:

Transient fault
Interm ittent fault
Perm anent fault

Transient faults occur once and then disappear, so it is very difficult to reproduce
and resolve the bug. Let m e provide a sim ple exam ple. In a netw ork m essaging
process, it m ay be possible to loose data connectivity, and it is pretty hard to
reproduce the exact situation. This characteristic is considered the key factor to
categorize transient faults.

Interm ittent fault repeats m ultiple tim es w ith the characteristics of an occurring
fault, and then it disappears for a w hile, then it reoccurs, and then it disappears, and
so on. A s a side effect, an interm ittent fault is considered the m ost annoying of
com ponent faults in the underlying system . In a sim ilar netw ork exam ple, loose
connectivity is the classic use case to illustrate an interm ittent fault type.

Perm anent fault has a persistent characteristic, so these types of fault continue to
exist until the faulty com ponent is repaired or replaced. To continue to our netw ork
use case, the physical corruption of netw ork cable is the suitable exam ple. Unless the
dam aged netw ork cable is fixed or replaced properly, the enterprise application is
not suitable to proceed. Further exam ples of this fault are disk head crashes, softw are
bugs, and burned-out pow er supplies.
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Perform ance
Perform ance is quite an interesting field in the IT industry. In sim ple term s, it is the
total num ber of tasks com pleted by a com puter system . The core objective of the
perform ance factor is to produce the output w ith a short response tim e for the given
set of tasks.

H igh throughput w ill be the goal of perform ance. There are tw o factors involved in
calculating the value of throughput. This is m athem atically noted as follow s:

TH  = N  / T

H ere, TH  - Expected Throughput

N - N um ber of target tasks

T - Total tim e require to com plete the task(s)

Let m e give you a sim ple exam ple. In a given condition, there are 100 target tasks to
be com pleted in an enterprise application. The total execution tim e to com plete the
given 100 tasks m ay be 20 seconds. So, Threshold (TH ) is as follow s:

TH  = 100 / 20 = 5 seconds per task

O n com parison w ith a centralized system , distributed com puting is expected to have
better perform ance w ith high throughput.

To m eet the expectation of the preceding characteristics, it is essential to build som e
perform ance-oriented aspects in the distributed system .
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D ecom pose
In general, m ost of the com plex large problem s are solved in an easy w ay w ith the
divide and conquer strategy. To illustrate the decom position strategy, it is better to
choose the com m on netw ork use case. It is possible to transfer the data across the
netw ork in large chunks. Instead of transferring the com plete large content in one
shot, it is m uch m ore efficient to process the individual pages.

Sim ilarly, there is another suitable exam ple during the m essage acknow ledgem ent
process. It can show case better perform ance by taking advantage of previous
m essages' acknow ledgem ent w ith the next m essage. It is possible to show case during
a series of m essages exchange processes.
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C aching
In com puting theory, som e techniques, such as LRU (Least R ecently Used), M R U
(M ost Recently Used), are quite com m on w hen it com es to im proving perform ance
using the concept of caching. The idea is to tem porarily persist the frequently used
data at the client site. In turn, the system  is not expected to go and retrieve the data on
every transaction. Instead, it can refer the cached data in the local layer.

W hat is the benefit of doing this? Eventually, it im proves overall system  perform ance
by saving a large am ount of com puting tim e and netw ork latency.
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Scalability
In com puting theory, process is the key com ponent in term s of the execution cycle. In
reality, there is alw ays a need to increase the system  capability from  tim e to tim e.
W ith reference to this reality, scalability refers to the adoption capability of any
system  to align w ith the w ork load increm ents. Scalability is highly integrated w ith
distributed com puting by design.
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Scale up
In term s of the scaling process, scale up is the traditional m odel to im prove the
pow er of the underlying system . A s new  resources are added in the sam e box, it is
interpreted as vertical scaling. This is depicted in the follow ing figure:

Let m e explain this w ith a sim ple day-to-day exam ple. O n purchasing a personal
laptop, the initial hard disk configuration m ight be 500 G B . A fter a w hile, the disk
gets full and there is a pressing need to increase the volum e of the hard disk. So, the
next step m ight be to increase the volum e of the existing hard disk capacity to, say, 1
TB.

Taking advantage of such resources is term ed scaling up. This concept is applicable
to any type of system  resources, such as RA M , processor, disk storage, application,
and so on.
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Scale out
O n sim ilar lines, scale out is another m ethodology to im prove the system
perform ance of an enterprise application. The m ajor difference is in the w ay of
scaling. A s dem and increases, the additional system s are am ended instead of adding
the resources to the existing system . So, this design of scaling is term ed scaling out or
horizontal scaling. It is depicted in the follow ing figure:
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C om paring scale up w ith scale out
In this section, I'm  going to address a com parative study betw een vertical scaling
design, that is, scale up and horizontal scaling design, and, scale out technologies
used in the industry. Pros and cons to both approaches w ill help you to decide the
suitable design for your need.

Sr.N o. D esign
factor Scale up Scale out

1 Server node Single server w ith
high pow er.

Clustered set of server nodes
w ith less pow er.2

Com puting Concurrent
com puting. D istributed com puting.

3 M em ory
H igh pow ered
m em ory in a single
com puter.

Less pow ered m em ory but
collectively sim ulate high
pow er m em ory.

4 Processor
Large count of
processors in a single
com puter.

Less processors in a single
com puter but a cluster of
com puters is used.

5 Im plem ent
challenges

G enerally less
challenging to
im plem ent.

H igh degree of com plexity to
im plem ent.

6 Fault
tolerance

H igh possibility of
failure. Easier to run fault tolerance.

7
Utility costs
(electricity,
cooling)

Low . H igh.

8 N etw ork
bandw idth

Relatively less due of
the single system
design.

H igh degree of netw ork
bandw idth for distribution.

9 Vendor lock
G enerally severe
vendor lock-in due to
proprietary

O pen source leads to getting
aw ay from  vendor lock.

10 Total C ost H igh. Relatively low .
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C onnecting the dots
O n connecting the dots of vertical scaling and horizontal scaling, here is the best use
case. G enerally, disk drives are a good analogy to the scale-up approach, w hereas
storage virtualization is a good analogy to the scale-out approach.

O n observing the recent em erging technology trends of the industry, disk capacity has
increased significantly in alignm ent w ith processor capabilities, such as m ulticore
technology.
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Security
In the com puting industry, security is one of the m ost im portant principles in an
enterprise application. A s distributed com puting is based on the cluster of the
com puters, it is highly recom m ended that you build a stronger security policy here.
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G oals
In general, com puter security has four goals:

Privacy
Secrecy
A uthenticity
Integrity

Privacy is considered the inform ation to be used only for the intended purpose, not
beyond that. Let's look at a sim ple exam ple. In the financial industry, there is a term
called PII (Personally Identifiable Inform ation). It can be used on its ow n or w ith its
supplem entary inform ation to identify the individual in context. A s per the U S
privacy law  and inform ation security, it is m andatory to protect this type of data.

Secrecy is scoped to access only by authorized users, not anyone else. It is pretty
sim ple to explain. In an enterprise application, there m ight be an adm inistration
section to m aintain the user base of the system . This section is not supposed to be
accessed by anyone in the system . O nly som e restricted users (such as the
adm inistrator) m ust have the accessibility to this section.

A uthenticity is defined as the ability to verify the received request only from  the
restricted users, not everyone. Let's take an exam ple of private banking by end
custom ers. A bank m ight m aintain the accounts of som e n users. The banking
application can only be logged into by the registered n custom ers, not by other
people. This is term ed authenticity.

Integrity is nothing but m aintenance to ensure the accuracy and consistency of the
inform ation in an enterprise application. A t the sam e tim e, the inform ation m ust be
protected from  unauthorized access. W ith system  characteristics, it is m ore integrated
into the inform ation reliability factor.
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A ttack
In com puting principles, an attack is any attem pt to destroy, disable, or steal
unauthorized system  access. It violates the security discipline of the proper usage of
the underlying system  asset.

There are tw o categories of attacks:

Passive attack
A ctive attack

Passive A ttack: W ith its self-descriptive nam e, passive attack does not cause any
harm  to the system  w ith its unauthorized access. A s per the show n exam ples,
brow sing intrudes an attem pt to access other process m em ories or traverse the
m essage packet in the netw ork. M asquerading is the process of pretending to be an
authorized user for unauthorized data or access. Inferencing intrudes the historical
records to draw  the inferences by running som e analysis m ethods.

A ctive A ttack: This type of attack creates a significant im pact on the existing process
and so it needs to be addressed thoroughly. The virus program  executes the
m alpractice code from  the boot sector of the disk. W orm  code im pacts the com puter
netw ork using the security holes. A logic bom b is a piece of code intentionally
injected into softw are to generate a m alicious function on a particular condition.
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T hreats
Threat is a possible security danger in the com puting system . It m ight exploit a
vulnerability to breach the security. So, it causes possible harm . There are four
categories of threats:

Interception
Interruption
Fabrication
M odification

Interception m eans gaining access to unauthorized service or data in a com puter
system . Illegal copying is an appropriate exam ple. Interruption m akes the system
resources unavailable or destroyed, for exam ple, intentional file corruption.
Fabrication is related to including the unw anted additional data. M odification alters
the original specification of the system  to break using unauthorized access.
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Sum m ary
In this chapter, you w ere introduced to the fundam ental concepts of distributed
com puting. A lso, it w as explained w hen to use the right w ay of distributed
com putation effectively, keeping in m ind the scalability and flexibility of enterprise
applications. A s M icrosoft is m oving tow ards an open source strategy, one of
M icrosoft's .N ET solution M essage Passing A PI (M PA PI) is available in CodePlex.
M PA PI is an open source fram ew ork to enable the program m ers w ithout having to
use standard thread synchronization techniques like locks, m onitors, sem aphors,
m utexes and volatile m em ory. In this section, our objective w as to learn the
fundam ental concepts of distributed com puting. M icrosoft .N ET provides a few  easy
im plem entation fram ew ork w ith better usage guidelines.

In the next chapter, w e w ill discuss  the Softw are D evelopm ent Life C ycle (SD LC),
w hich covers various m ethodologies such as W aterfall, Spiral, A gile, and so on.
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Softw are D evelopm ent L ife C ycle
By the end of the previous chapter, it w as easy to understand w hen to use the right
w ay of distributed com putation effectively w hile keeping the scalability and
flexibility of an enterprise application. Softw are D evelopm ent Life C ycle (SD LC )
is a term  used in system s engineering, inform ation system s, and softw are engineering
as a process. This tutorial elaborates on the various m ethodologies like W aterfall,
Spiral, A gile, and so on. A t the end of the chapter, you w ill understand the
fundam ental concepts of Enterprise A rchitecture and its related business needs and
benefits.

This chapter w ill cover the follow ing points:

W hat is SD LC ?
The W aterfall m odel
The Spiral m odel
A gile developm ent
M icrosoft O pen Source Strategy to life cycle:

Traditional M icrosoft m odel and its origins in M S-D O S
D riving factors of the O pen Source M odel
Tw in tracks of .N ET Fram ew ork and .N ET Core
Current stack of O pen Source tools &  techniques

This chapter gives an understanding about the SD LC, and how  .N ET Core and the
relevant developm ent processes fit together.
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W hat is SD L C ?
SD LC is an industry recognized process w ith a series of activities or steps to
develop a new  enterprise application, or to m odify the existing softw are.
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N eed for a process
In everyone's life, discipline is an im portant factor in order to be a successful person
in their career. O bserving disciplined people, it is noticed that they adhere to certain
rules and norm s at any point of tim e.

In a sim ilar fashion, softw are developm ent needs a discipline/process to produce a
high-quality enterprise application, w hich m eets or exceeds the expectations of end
custom ers. A t the sam e tim e, the developm ent effort should be lim ited to an estim ated
tim e and cost.

M y job as an Enterprise A rchitect has cleared this perception, and now  I understand
the true value of an Enterprise A rchitect.
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Insight of core phases
In general, SD LC has five core phases in any of the m odels. They are listed and
diagram m atically represented as follow s:

Requirem ent phase
D esign phase
Im plem entation phase
Testing phase
Production phase

In the requirem ent phase, the requirem ents are collected based on the needs of the
business stakeholders. The design phase describes the structure and com ponents of
the new  system  as a collection of m odules and subsystem s. Im plem entation is the
program m ing phase in w hich the design is converted into reality. The testing phase is
used to certify the functionality of the developed application. Production is the final
phase to roll out the system  for end custom er usage.
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SD L C  m odels
The SD LC  process has the follow ing few  m odels adopted in the industry:

The W aterfall m odel
The Spiral m odel
The Increm ental m odel
A gile m ethodology
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T he W aterfall m odel
The W aterfall m odel is developed by dividing the w hole process into a few  separate
phases. Typically, each phase is designed w ith the sim ple logic that the outcom e of
the earlier phase is injected as the input for the next-level phase. By design, each
phase of the w aterfall m ode, is expected to be signed off, before getting into the
subsequent phase. It involves the deliverable artifact of each phase like design
docum ent, business requirem ent docum ent, source code, test plan, etc.
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C ore phases
In a real-life scenario, this m odel behaves based on our im agination of w ater falling
from  top to the bottom , as in a w aterfall. It is sim ply represented in the follow ing
diagram . W ith the sim ilar concept, the W aterfall m odel is designed as follow s w ith
these key phases:

Business requirem ent
System  analysis
System  design
Coding
Testing
M aintenance
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B usiness requirem ent
A s part of business requirem ent, all possible specifications and requirem ents are
collected from  the business team , and docum ented as a Business R equirem ents
D ocum ent (BR D ). It acts as an evidence of the business agreem ent. Let us assum e a
business case study to build a m obile-based application to check the status of the
custom er support tickets. Then, the BRD  w ill contain the com plete functionalities of
the m obile application, supported m obile type, the custom er credentials, and so on.
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System  analysis
The given BRD  specifications are analyzed in detail from  the softw are system  point
of view . Based on the analysis, the deliverable docum ent is referred to as a
Functional Specification D ocum ent (FSD ). FSD  is m ore of a technical response
against the given BRD . In our case, let us define one of the FSD  entries as, w hen the
end user clicks the sign up button, the application routes to the new  user registration
form . So, FSD  describes the interaction betw een hum an and enterprise application,
that is, the end user and m obile application.
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System  D esign
System  D esign D ocum ent (SD D ) is the outcom e of the third phase developed by the
softw are design professionals. SD D  describes the new  system  intention or
replacem ent design, w ith the detailed descriptions of the system  architecture and its
related com ponents. Som e firm s develop tw o levels of SD D , nam ely, H igh Level
D esign (H LD ) and L ow  Level D esign (LLD ) docum ents. O ur use case's SD D  is
built w ith the m obile application architecture along w ith a few  internal com ponent
designs. Typically, the detail design docum ent covers the input form at, database
design, processing logic, output layouts, operating environm ent, interface
specifications, and so on.
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C oding
In softw are engineering, the core phase of im plem entation is coding. In this phase, the
softw are developers build the application using a set of technology tools, languages,
and the like. In our use case, the actual m obile application developm ent is part of this
phase. O bjective C is used for iO S devices, and Java is used for A ndroid devices.
The key deliverable of this phase is the source code of the enterprise application.
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Testing
Testing is the gatew ay to validate the functionality, stability, and usability of the
developed application. Based on the objectives, there are m ultiple types of testing in
an enterprise. Integration testing covers the connectivity of the com ponents across the
application. System  testing covers the com plete functionality of the application.
Perform ance testing addresses the stability of the product.
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M aintenance
O nce the certified product is rolled into the production environm ent, the support team
takes control of application m aintenance. They m onitor the production version
continuously, and alert the respective team  if anything goes w rong. A s the m onthly
update, the support team  is supposed to publish the scorecard of the application in the
production environm ent.

www.EBooksWorld.ir



U nderstanding the Spiral m odel
The Spiral m odel is a com bination of the iterative developm ent process m odel and
sequential linear developm ent m odel, that is, the w aterfall m odel, w ith very high
em phasis on risk analysis.
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C ore phases
The Spiral m odel is pretty m uch sim ilar to the increm ental m odel in w hich m ore
em phasis is placed on risk analysis during the course. In the em erging IT industry,
risk factor is part and parcel of the process. Instead of avoiding the risk elem ents, it
is advisable to identify the risk and apparently to build the alternative solution. It is
referred as risk analysis. The four phases adopted in the Spiral m odel are explained
in the follow ing diagram :

Identification: In the first phase, that is, the Identification phase, it is essential to find
out the purpose of the softw are along w ith the m easures to be taken. It helps to
achieve a softw are to serve all your requirem ents.

The key coverages in the first phase are listed as follow s:

Studying and gathering requirem ents
D etailed study on the feasibility
Review s run by a w alkthrough to stream line the requirem ents
Understanding the requirem ents docum ent
Finalizing the list of requirem ents
Review ing the project to take the decision to continue w ith the next spiral
If the decision to continue is taken, plans are drafted for the next phase
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The core purpose is to identify the business requirem ents of the system .

D esign: This phase calculates all the possible risks w ith the possibility to encounter;
apparently, it is the process to figure out how  you w ould resolve these risks.

The key coverages in the second phase are listed as follow s:

The potential risks are identified based on the drafted requirem ents and brain-
storm ing sessions
O n identification of the risks, the m itigation strategy is designed and finalized to
roll out
A s an artifact, a docum ent is generated to highlight all the risks and its
m itigation plans

The core agenda of this phase is to identify the associated risks.

B uild: In this phase, the target softw are is constructed and tested for its core
functionality, reliability, and security aspects.

A s the core engineering phase, the key coverages in this phase are listed as follow s:

The actual developm ent and testing of the planned softw are
Coding of the product
Execution of the test cases and test results
G eneration of the test sum m ary report and defect report

It focuses on the process of developm ent and testing the target softw are.

E valuation: A fter the current cycle has com pleted to produce the first prototype, the
cycle is re-planned and repeated. The process proceeds to get into the next prototype
2.

A s the final step of evaluation, these tw o key steps are executed:

Custom er evaluates the produced softw are to provide their feedback for the
approval
G enerating the release docum ent to highlight the im plem ented features

The m ain purpose of this phase is to plan for the next iteration, if required.

In softw are developm ent, the aforem entioned four phases are repeatedly passed in
m ultiples of iterations nam ed Spirals. In the baseline spiral, the process starts w ith
the planning phase, requirem ents are gathered, and risk is assessed. Each subsequent
spiral builds on the baseline spiral.
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C om paring the W aterfall m odel w ith
the Spiral m odel
The follow ing table provides a com parison betw een the Spiral m odel and the
traditional W aterfall m odel:

Sr.N o. W aterfall Spiral

1
In the softw are developm ent life cycle,
business requirem ents are frozen after
the initial phase.

In the spiral m odel,
requirem ents are not frozen by
the end of the initial phase. It
is kind of executed in a
continuous m ode.

2

In term s of project execution, there is a
high level of risk and uncertainty
because of the m issing stringent risk
m anagem ent.

By design, the spiral m odel is
m odeled to handle better risk
m anagem ent

3 The W aterfall fram ew ork type is m ore
of a linear sequential m odel.

The fram ew ork type of the
spiral m odel is based on an
iterative process; w ithin each
iteration, the linear m odel is
preferred.

4

A s the user involvem ent is only at the
beginning of the process, it turns dow n
com m unication betw een the custom er
and developer throughout the
developm ent cycle.

User involvem ent and
com m unication is at a high-
degree level betw een the end
user and the engineer.

D uring execution of the
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5 A s the m odel is kind of one-tim e
execution, the reusability factor is least
possible here.

m ultiple iterations, the
possibility of reusability is
quite necessary and
developed by nature.
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B enefits
In term s of business benefits, spiral developm ent is faster than the traditional m odel,
and so saves cost and effort.

A s risk evaluation is w ell defined in proper m ethod, larger projects are created and
handled in a strategic w ay. A lso, it adds control during all the phases of softw are
developm ent.

Spiral m odel produces the interm ediate deliverables at end of each iteration. It gives
a great opportunity for the end custom ers to share their feedback during the early
stage. A pparently, this system atic approach m eans softw are change m anagem ent
can be im plem ented faster.
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C hallenges
A s m ore em phasis is on risk analysis, it is an im portant phase in the Spiral m odel,
w hich requires expert associates to execute. A pparently, it increases the overall cost,
and so, it is not a good fit for sm aller projects.

In the w orst cases, Spiral m ay go on infinitely, w hich creates w astage on its
investm ent in term s of effort and cost.

A s Spiral has a high degree of com plexity, and is relatively difficult to follow
strictly, docum entation is m ore due to the execution of m ultiple interm ediate phases
of the developm ent cycle.
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U sage recom m endation
Based on the nature of the spiral m odel, it is highly recom m ended to use it in large-
sized projects w here the softw are needs continuous risk evaluation.

W hen requirem ents are a bit com plicated and require the continuous clarification,
along w ith the softw are changes being quite dynam ic, the Spiral m odel is the best fit.

In the sam e line, w hen the softw are developm ent life cycle has sufficient tim e to get
end user feedback for frequent releases, the Spiral m odel has the highest advantage to
roll out.
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A gile m odel
In the legacy W aterfall m odel, softw are is developed in the sequential m odel. O n
com pletion of the requirem ents set, the process m oves into design, follow ed by
coding. W hen w e enter the design phase, any change to the requirem ents is not
allow ed. A s the nam e suggests, prim arily, the w ater only flow s dow n, you can't m ake
it go up. This is depicted in the follow ing diagram :

Scrum  is the popular term  used in the A gile m odel. A ctually, Scrum  is one of the
softw are developm ent m odels in the IT industry to support the em erging industry.
N ow adays, IT expects the faster and better deliverables in shorter cycle to support
the cost efficiency. In alignm ent w ith this strategy, Scrum  is designed w ith a few
sm all team s of intensive, inter-dependent, self-sustaining characteristics. In fact, the
deliverables are divided into a sm all interm ediate level, nam ed as Sprint.

www.EBooksWorld.ir



Top five reasons to adopt A gile
In the m odern IT w orld, A gile is so popular that everyone is w illing to adapt it in
their rapid developm ent cycle. A lthough there are m any unfounded reasons, I w ould
like to highlight the top five factors for its industry adoption.
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A m biguous requirem ents
In the traditional m odel, assum ption leads to confusion in m aking the end delivery.
W e assum e that the custom er w ill identify all requirem ents during the initial phase.
Though it looks reasonable, the custom er is not com fortable to sign off the process
officially.

A s an outcom e, the custom er gives a list of know n and probable requirem ents during
the initial phase of softw are developm ent. It is just to avoid m issing them  in sign-off
m ode.
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R equirem ent changes
In general, changes are inevitable. The custom ers don't know  w hat they w ant in the
beginning, and they eventually com e back in the later phases. W e assum e that the cost
of change increases during developm ent, and so, a requirem ents freeze is absolutely
required. A s a result, w e penalize the custom er for adding requirem ent changes later,
even though they are valid.

In this em erging highly com petitive m arket, requirem ents w ill evolve over a period
of tim e.
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B ig planning is not practical
W e assum e that softw are is so sim ple that its developm ent can be easily planned from
the beginning to the end phase. A s all project variables (like scope, size, cost, risk,
and the like) can be predicted during the initial phase, w e assum e that upfront big
planning is possible and enough. In fact, planning should also evolve along w ith the
requirem ents.

To confirm  this, the Standish G roup C haos R eport 2015 segm ents the result of
A gile and the W aterfall m odel based on softw are projects across sectors betw een
2011 and 2015. It clearly indicates 39%  of A gile success versus 11%  of W aterfall
against all-sized projects. It com prises of A gile split of 18% , 27%  58%  against
large, m edium , and sm all projects respectively.
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Softw are review  is better than
docum ent
In the m odern em erging w orld, custom ers are happier to review  a w orking softw are
than a bunch of w ritten docum ents.

In m y ow n experience, the latest custom ers are asking the question, D em o or D eck ?
prior to the review  m eeting-w hether they w ill be able to see a dem onstration of the
w orking softw are m odule or not.
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Iterative increm ental delivery is
preferred
In m y product developm ent experience, I feel that custom ers can't w ait until the
com pletion of the entire project to get the final product. W e assum e that the softw are
industry is pretty m uch sim ilar to the m anufacturing industry. A s an exam ple, a car
m anufacturing com pany produces the final product in a sequential, step-by-step
m anner. First they produce the chassis, then the engine follow ed by fitm ent, and so
on.

To im press the custom er, the traditional m odel assum es to deliver the big final
product w ithout the interm ediate state. But in reality, the custom er alm ost alw ays
tends to get a deviation of w hat they required. It is then too late to rectify it.

To resolve this challenge, the A gile m odel provides delivery to the custom ers
frequently, in short iterations.
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Industry evidence
A t X P 2002 conference, Jim  Johnson of Standish G roup Study reported that the
traditional m odel never used alm ost half of the features built. The follow ing pie chart
show s their survey results:

Sim ilarly, the success rate of the A gile m odel is three tim es better than the traditional
W aterfall m odel. O n conducting various projects betw een 2002 and 2010, their result
speaks for them selves, as show n in the follow ing pie charts:
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Scaled A gile Fram ew ork (SA Fe)
These days, Scaled A gile Fram ew ork (SA Fe) is quite popular, because it is a freely
revealed know ledge base of integrated patterns for enterprise-scale Lean-A gile
developm ent. It has the bright characteristics of a scalable and m odular approach.
A pparently, it allow s an enterprise to leverage this m odel that suits their needs.

A s a core principle, the SA Fe fram ew ork synchronizes alignm ent, collaboration, and
delivery for large num bers of agile team s in an enterprise.

SA Fe has six core values in its design, w hich are as follow s:

Code quality
Program  execution
Business alignm ent
Transparency level
W orking m odel

The preceding diagram  depicts the design of the SA Fe fram ew ork.

It operates w ith com m on vision, architecture, and UX  guidance. The fundam ental
them e is built around collaboration and adoption of face-to-face planning and
retrospectives of the business. A s part of the delivery, cross-functional agile team s
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deliver the w orking system  increm ents every tw o w eeks.

B y im plem entation, there are tw o different types of SA Fe: 3-Level SA Fe and 4-Level
SA Fe. 3-Level SA Fe is for sm aller im plem entations w ith 100 people or less, or for
m ultiple such program s that do not require significant collaboration. 4-Level SA Fe is
for solutions that typically require m any hundreds of practitioners to develop, deploy,
and m aintain.
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H istory
The history of SA Fe is depicted in the follow ing tim eline. The latest version,
renam ed SAFe 4.0 for Lean Software and System s Engineering, w as released in
January 2016. Consider the follow ing diagram :
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Success Factors
A s a m atter of fact, SA Fe is popular because of its success scorecard m easurem ent,
and apparently follow ed w ith the im provem ent process based on the m easured score
of its developm ent cycle.

A s the success factors, the follow ing points are considered as the im provem ent
m easures. It helps the m anagem ent team  to arrive at their success m etric. A pparently,
the m anagem ent leads to track the investm ent and its related business values / returns:

C ycle tim e: m easurem ent of the quickest tim e taken to get one of the features out
R elease cycle: tim e taken to get a release out
D efects: m easured based on the total num ber and changes in the defects list
Productivity: C alculation of the norm alized effort to get a unit of functionality
done in the softw are product
Stabilization: O n code com pletion, a percentage of a release is spent on
stabilizing before the release of an enterprise application
C ustom er satisfaction: M easurem ent of the end custom er's satisfaction level
w ith the rate of change either up or dow n
Em ployee satisfaction: M easurem ent of em ployee group's satisfaction level
either up or dow n

In reality, m ost firm s execute the patchw ork approach to transform  into A gile
m ethodology from  their traditional softw are developm ent life cycle m odels. A s a
result, a heavy sprint backlog is form ed due to extensive dependencies to delivery
w ithout im pedim ent. D ue to these lim itations, SA Fe has gained traction as a stage-
gated cultural fram ew ork in the softw are developm ent process.
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M icrosoft open source strategy to life
cycle
O pen sourcing and crow d sourcing are the latest trends in the softw are developm ent
industry. Though both term s look sim ilar, there is a key difference betw een open
source and crow d source.

O pen source is built based on four key pillars, nam ely, free to use, study, m odify, and
distribute the softw are for any purpose. It creates m ultiple custom  softw are versions.
The best w ell-know n exam ple is m ultiple flavors of the UN IX  operating system  and
A ndroid m obile platform . O pen by rule is the them e of the open source culture. Every
com m unity m em ber is not allow ed to exploit the others.

Crow d sourcing is built based on the m arginal interest as w ell as free tim e of a large
group of people to build an application. This culture benefits the initiator typically
w ithout any significant com pensation to the participants. In fact, intellectual property
and distribution rights are com pletely ow ned by the initiator. O penSignal is the best
exam ple of crow d sourcing of the w orld's w ireless netw ork.

Closed source is a com plete contradiction to the open source and crow d source
culture. It is som etim es referred to as the proprietary m odel. By design, closed
source m ethodology is ow ned by an organization w ith in-house developm ent to
generate revenue for their business. Take a look at the follow ing diagram :

The preceding illustration indicates the list of closed source and open source
com panies in the IT industry. M icrosoft, A pple, and others are the m ajor players
am ong closed source com panies, w hile Linux, A ndroid, and others are prom inent
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am ong open source com panies.

A lthough M icrosoft held an identity as a closed source com pany, it has sw itched over
to the open source list in recent years. If you take a closer look at the statem ent m ade
by the C EO  of M icrosoft, it reflects m y w ords. O n June 1, 2001, the ex-CEO  of
M icrosoft, Steve Ballm er, said that Linux is a cancer, w hich attaches itself, in an
intellectual property sense, to everything it touches. It w as part of an interview  w ith
the C hicago Sun-Tim es. In O ctober 2014, the current C EO , Satya N adella, delivered
a contradicting note that M icrosoft loves Linux, at a San Francisco m edia conference.

In the com ing section, let us analyze the history of closed source and m otivation for
open source m ethods deployed in M icrosoft.
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Traditional M icrosoft m odel and its
origin from  M S-D O S
M icrosoft's Bill G ates's dream  w as to create a personal com puter for every citizen in
the w orld. It m ight be true now , but his am bition w as visionary and very high during
the early 1980's.

W ith his am bition, M icrosoft carries a great tim e line from  the M S D O S of 1981 to
the W indow s 10 operating system  of 2015. It w as a technologically inspiring path to
m ake his dream  com e true w hich is show n in the follow ing tim eline diagram :

Let us take a look at the sm ooth journey through M icrosoft's m ajor m ilestones and key
deliverables to the industry. M icrosoft launched its first operating system  nam ed
M icrosoft D isk O perating System  (M S-D O S) in A ugust, 1981. In term s of user
experience, it w as not a sophisticated platform ; instead, it w as just a com m and-line
interface. D uring this course, M icrosoft bought an existing O S from  Seattle Com puter
products for $75K .

M icrosoft's first G raphics U ser Interface (G U I)-based operating system  w as
launched in the nam e of W indow s 1.0 on N ovem ber 20, 1985. It w as built w ith a 16-
bit m ultitasking shell on top of an existing M S-D O S installation. W indow s 1.0 had
the key features of lim ited m ultitasking. A n interesting fact is that Bill G ates initiated
the W indow s developm ent program  after w atching a dem onstration of VisiC orp's
VisiO n.

Later, W indow s 2.0 w as released on D ecem ber 9, 1987, w hich allow s application
w indow s to overlap. Interestingly, it w as the first version to integrate the control
panel. O n the flip side, on M arch 17, 1988, A pple filed a law suit against M icrosoft
and against H P on M arch 17, 1988. A pple accused M icrosoft and H P of copying the
M acintosh System , how ever, A pple lost the case.

O n M ay 22, 1990, W indow s 3.0 w as launched w ith the key deliverable of the
protected as w ell as enhanced m ode to run the W indow s application w ith reduced
m em ory. The key im provem ent w as better m em ory m anagem ent on the W indow s
platform . This m ajor contribution cam e from  D avid W eise and M urray Sargent in
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1989.

In the history of W indow s O S developm ent, M icrosoft released the first m ajor stable
version on July 27, 1993-W indow s N T. It had an added value of portability to
m ultiple process architectures as w ell as higher security and stability. A s a side note,
B ill G ates hired D avid C utler from  D EC to design W indow s N T.

The Start button is a revolutionary feature in the W indow s platform . W indow s 95
w as launched on A ugust 24, 1995 w ith the user m ethodology and interface to
navigate into m ultitasked 32-bit architectures in addition to the support of 255-
character m ixed case long files nam es.

O n June 25, 1998, W indow s 98 w as released w ith pow er and netw ork m anagem ent
im provem ents and U SB  support. From  the end user's point of view , standby and
hibernate m odes w ere introduced along w ith the w indow s driver m odel (W D M ) to
m anage device drivers.

W indow s 2000 w as released on February 17, 2000 w ith the addition of N ew
Technology File System  (N T FS), M icrosoft M anagem ent C onsole (M M C ), and
E ncrypting File System  (E FS) active directory along w ith new  assistive
technologies to support people w ith disabilities.

W indow s M E  (M illennium ) w as introduced on Septem ber 14, 2000 w ith the system
restore feature and im proved digital m edia and netw orking tools. The M E version
had a tough tim e in the m arket, and it w as heavily criticized for speed and stability
issues. In alignm ent w ith this issue, a PC  W orld article dubbed M E as M istake
Edition.

M icrosoft cam e back w ith another stable O S nam ed W indow s X P on O ctober 25,
2001. It had the stable im proved task bar and Start m enu along w ith better netw orking
features. X P had a new ly im proved user interface from  the end user's point of view .
A s the m ajor highlight, X P w as the first version of W indow s to use product activation
in order to reduce softw are piracy.

A fter the success of X P, M icrosoft w as not up to their benchm ark by the release of
W indow s Vista on January 30, 2007. Though Vista w as introduced w ith W indow s
search, sidebar, shadow  copy, and integrated speech recognition, it w as bom barded
w ith m any criticism s like high system  requirem ents, m ore restrictive licensing, new
digital rights m anagem ent, and lack of com patibility w ith som e pre-Vista hardw are
and softw are.

The w orld's m ost dom inant (56% ) desktop O S, W indow s 7, w as released on O ctober
22, 2009 w ith support for virtual hard disks, m ulti-core processors perform ance, and
an im proved touch of handw riting recognition. The m ain intention w as to respond
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w ith strong stable deliverables against the criticism s faced by Vista.

W indow s 8 w as launched on O ctober 26, 2012 w ith heavier integration of online
M icrosoft services like SkyD rive and X box. In term s of perform ance, W indow s 8
introduced a faster startup through UEFI integration. In term s of user experience,
M etro design and a new  start screen (no start button) w as introduced in the product.

The latest production version of M icrosoft W indow s, W indow s 10, w as released on
June 29, 2015. A s its key features are the return of the Start button, integration w ith
W indow s Phone, and a device-dependent interface. In term s of the em erging
A rtificial Intelligence (A I) space, W indow s 10 incorporates the M icrosoft
intelligent personal assistant, C ortana. Take a look at the follow ing diagram :

In spite of a long journey of three decades w ith so m any ups and dow ns, M icrosoft
still leads the w orld's desktop O S m arket share w ith over 91% . Isn't that am azing?
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D riving factors of the open source
m odel
A s discussed in the preceding section, three decades of the W indow s platform
clearly indicates a closed source com pany. Interestingly, in the m ean tim e, the
industry w as travelling in the opposite direction w ith the open source m odel.

A fter few  years of resistance to the open source m odel, M icrosoft w as ready to align
w ith the industry m ovem ent. Indeed, M icrosoft initiated open sourcing m ore of its
ow n technologies such as parts of the .N ET platform . The M icrosoft open-source
strategy is focused to help their custom ers and partners to be successful in today's
challenging heterogeneous technology w orld.

To m ake a safe landing, M icrosoft's open source hosting w ebsite nam ed C odePlex
beta w as launched in M ay 2006, w ith the official launch in June 2006. A fter a
decade-long journey w ith CodePlex, M icrosoft started m oving its bigger open source
initiatives into G itH ub, because G itH ub has becom e the industry's popular distributed
version control and source control m anagem ent system  w ith a w eb-based hosting
service. A s a side note, G itH ub's initial product version w as released in A pril 2008.

M icrosoft's CodePlex to G itH ub strategy m ove boosted their grow th and contribution
in the open source space. It m ade them  exhibit a stunning turnaround to the open
source w orld; m ost im portantly, backed up by M icrosoft's serious support. You know
w hat?, N ow  M icrosoft is the top organization w ith the m ost open source contributors
on G itH ub. In fact, M icrosoft beats Facebook, D ocker, G oogle, A pache, and m any
other com petitors.

Though M icrosoft has been w orking on open sourcing strategy since 2006, a rapid
increase has been noticed in recent years. A pparently, it m ight be because of the
change in M icrosoft's business strategy and senior leadership changes.

A s m entioned in the previous section, it is pretty clear that M icrosoft really does
love the Linux platform . A s a result, M icrosoft is going to launch its flagship
enterprise database product SQ L Server in the Linux platform .

O n seeking the last few  years' of history of collaboration betw een Canonical and
M icrosoft, it is very clear that U buntu is one of the first Linux distributions to get an
official endorsem ent to run on A zure. This is possible w ith a high degree of
collaboration on m any fronts am ong the engineering team s of both the firm s. A s a
m atter of fact, A zure-m anaged B ig D ata stack, H D Insight, is pow ered by the Ubuntu
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platform :

The scorecard seen in the preceding screenshot gives clear facts about M icrosoft's
O pen Source strategy and the related industry contribution. The box in the top-left
corner show cases that 20 percent of the operating system s on A zure are based on the
Linux platform . W ith the collaboration effort, the open source operating system  is
already contributing a lot to M icrosoft's bottom  line.

A nother dim ension of m etric is the rapid grow th of the CodePlex m em bership. It
leads to triple tim e grow th in four years, betw een 2010 and 2014. This success got
reflected in Big D ata H adoop eco system . A s the result, there are contribution of 30K
LoC  (Lines of Code) and the effort of a team  of m ore than 10K  engineers.

In essence, M icrosoft has so m any m otivational factors to contribute tow ards open
source projects. It not only adds business value, but is also in alignm ent w ith the
industry changes.
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Tw in tracks of .N E T  Fram ew ork and
.N E T C ore
.N ET Fram ew ork evolved during the early 2000's as a com petitive product against
the Java platform . O n the road m ap of .N ET Fram ew ork, it is so interesting to
observe the tw in tracks of .N ET and .N ET Core, w hich is explained in the follow ing
screenshot:

In a nutshell, the .N ET fram ew ork is m arching forw ard w ith a closed source strategy,
w hereas, the .N ET Core strategy is tow ards open source.
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C om paring .N E T w ith .N E T C ore
For better clarity, let m e tabularize the various points of difference betw een these
tw o fram ew orks

Sr.N o. .N ET .N ET C ore

1
Com plete developm ent
environm ent for M icrosoft
.N ET A pplication.

A s .N ET is super set, .N ET core w ill
be a subset of the functionalities.

2 Closed source strategy. O pen source strategy.

3 Runs on W indow s platform
only.

True cross-platform ; supports all
m ajor O Ss like W indow s, Linux, M ac,
and the like.

4 Proprietary com piler. O pen source com piler, Roslyn.

5 D istributed w ith W indow s. D istributed w ith A pplication.

6 H osting server IIS, runs only
on W indow s platform .

O pen source hosting server K estrel,
runs across m ultiple platform s beyond
W indow s.

A s w eb-based developm ent is so popular in the current industry, it w ould be w ise to
follow  the tim eline of .N ET-based w eb application developm ent m ethodologies
since 1996:
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A s depicted in the preceding tim eline diagram , the W indow s O S-based w eb
application started w ith the A ctive Server Pages (A SP) fram ew ork in the year
1996. A s .N ET w as stabilized in production during the early 2000's, A SP.N ET w as
released in 2002. From  then, there have been m ultiple flavors of A SP.N ET w eb
developm ent, like M VC, W ebm ail, vN ext, and m ore.

In this great journey, the evolution of .N ET Core ignited the evolution of A SP.N ET
C ore, w hich is a truly cross-platform  w eb application developm ent m ethod in the
industry. In fact, A SP.N ET reached m aturity in 2016.

I'm  sure the functionality and features of w eb app developm ent w ill m igrate from
.N ET to .N ET C ore as tim e progresses.
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C urrent stack of open source tools and
techniques
To highlight the adoption of open source tools and techniques by M icrosoft, A zure is
the best use case to describe here.

A zure clearly has becom e a m ultiplatform  cloud. Indeed, 25 percent of A zure virtual
m achines (V M ) are now  running Linux. A s a top note, A zure now  supports five
Linux servers as VM s: CoreO S, CentO S, O racle Linux, SUSE, and Ubuntu.
Interestingly, M icrosoft is in the process of supporting D ocker and K ubernetes
container m anagem ent on W indow s and A zure platform s.

Technology experts at M icrosoft, M ark Russinovich and Jeffrey Snover, started their
contribution tow ards open source Chef, w hich w as highly visible in C hefConf 2015
by Chef Softw are Inc.

In term s of the .N ET platform , M icrosoft's tw in track is the clear w inner of the .N ET
open source strategy. In this line, the M icrosoft m obile developm ent fram ew ork now
supports A ndroid em ulation as w ell.

In term s of efforts tow ards industry collaboration, cooperation, and contribution,
M icrosoft is actively involved in open source consortium s like A llSeen A lliance,
O penD aylight, and R Consortium . H istorically, A pache is quite popular for the open
source strategy in the industry. N ow , M icrosoft supports the A pache Softw are
Foundation to encourage open source grow th.

Som e of the interesting tools and techniques to observe are .N ET Core, TypeScript, R
Tools for Visual Studio, A zure's Service Fabric, Visual Studio C ode ID E, Team
Explorer Everyw here for Eclipse, Com putational N etw ork Toolkit for deep learning,
A IX  tools you can use to build A I in M inecraft, and m any m ore.

The next screenshot show s the current tools and technology stack tow ards M icrosoft
O pen Source Strategy. It covers the end-to-end solution betw een the infrastructure
and D evO ps layers. This stack com prises of popular tools like G runt, Puppet, Chef,
Jodiac, Eclipse, R edis, M ySQ L, Suse, and so on distributed across the m ultiple
layers of an enterprise application fram ew ork:
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O n observing the strategic direction of M icrosoft's recent m oves, open sourcing
effort com prises of Pow erShell, Visual Studio Code, and M icrosoft Edge's
JavaScript engine. D uring the release of W indow s 10, M icrosoft partnered w ith
C anonical to bring U buntu in the W indow s platform  for the first tim e in history. In the
cross-platform  m obile developm ent space, M icrosoft acquired X am arin to aid
m obile app developm ent. It doesn't stop here. They m ade an effort to m ake open
sourced X am arin's SD K s for a broader reach in the industry. SQ L Server on the
Linux platform  is on their roadm ap too.
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Sum m ary
N ow , you are in a position to understand the various types of softw are developm ent
lifecycle processes used in the industry. They includes W aterfall, Spiral, A gile and
Scaled A gile fram ew ork. A lso, you learnt the insight of each m odel along w ith the
com parison of few  instances.

In the next chapter, w e w ill discuss the enterprise practices in softw are developm ent
like m aintainability, reusability, testability, and perform ance optim ization in an
enterprise application.
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E nterprise Practices in Softw are
D evelopm ent
In the previous chapter, w e learnt about the SD L C  (softw are developm ent life
cycle), w hich is a term  used in system s engineering, inform ation system s, and
softw are engineering as a process. It elaborates on the various m ethodologies like
W aterfall, Spiral, A gile, etc. A s part of the best practices used in Enterprise softw are
developm ent, the essential parts are covered in this chapter. Therefore, this chapter
w ill cover the follow ing points:

A pplication L ifecycle M anagem ent (A L M )
M odern source control repositories such as G IT, TFS, and m ore.
Visual Studio Integration w ith source control com ponent
Creating custom  project tem plates for .N ET Core applications
M easuring perform ance using Visual Studio

This chapter w ill give you an understanding about the enterprise practices in the
softw are developm ent life cycle along w ith the popular A LM  tools and techniques.
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W hat is A L M ?
A LM  stands for A pplication Life C ycle M anagem ent. It is an industry-recognized
process w ith a series of activities or steps used to develop a new  enterprise
application or m odify the existing softw are.
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C ore aspects
W ith the core aspects, A LM  can be divided into three distinct areas, nam ely:

G overnance
D evelopm ent
O perations

Let m e illustrate the three core aspects w ith a sim ple exam ple, that is, the iPhone's
launch by A pple.

G overnance encom passes all of the decision-m aking and project m anagem ent across
the entire firm . In our exam ple, A pple runs the iPhone's business from  the conceptual
idea to the production roll-out of its m ultiple versions.

D evelopm ent is defined as the process of creating the actual application. Practically,
the developm ent process reappears several tim es in an application's lifetim e in the
m ajority of enterprise applications. It involves both for upgrades and for w holly new
versions. In our context, A pple releases m ultiple versions of the new  iPhone, such as
4, 5, 6, etc. In addition, A pple launches periodic upgrades for existing iPhone
devices.

Typically, operation is the w ork required to run and m anage the application. It begins
shortly before deploym ent and then runs continuously. A s per our illustration, A pple
provides after-sale support to resolve any m aintenance issues for the end custom ers
of iPhone products.
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A L M  vs SD L C
It is com m on to equate A LM  w ith the SD LC. This is because A LM  is constructed
around the SD LC's follow ing core phases in an enterprise application developm ent
process:

Requirem ent phase
D esign phase
Im plem entation phase
Testing phase
Production phase

By design, the A LM  fram ew ork is not developed from  scratch; it is built around the
SD LC fram ew ork. A t the sam e tim e, A LM  is considered m ore than the SD LC m odel.
H ow ever, A LM  being m ore advanced than the SD LC , its sim ple approach is still
considered lim iting.

W ith reference to the previous pictorial representation, the three core aspects are
initiated w ith developm ent as the first part of an application's life cycle. A s tim e
progress, the application is updated periodically so that it syncs w ith the latest
features:
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Practically, any softw are developm ent life cycle is kickstarted only after the business
case's approval. W ith the evolution of the IT industry, the softw are developm ent
m ethodologies have been changed into various levels. The m ain shift focuses on
shorter and m ultiple iterations, instead of one huge and com plete single cycle. In this
context, the im age depicts the expansion of SD LC 's parts in the developm ent life
cycle. A s a result, this m odern process exhibits softw are developm ent as a series of
iterations. In each sub-process/iteration, it contains its ow n requirem ent definition,
design, developm ent and quality assurance testing activities.

This solution is not the silver bullet for every problem  statem ent. N evertheless, this
iterative approach is still better than the traditional execution m ethod, w hich is
becom ing the norm  in m any areas.

Let m e illustrate w ith a real w orld exam ple. A s the concept of cross-platform s
picked up during the m id 1990s by the Java com m unity, M icrosoft started w orking to
release its com petitive product, nam ely, .N ET Visual Studio, w hich w as m arketed as
a .N ET developers, ID E (Interactive D evelopm ent Environm ent) and so it w as
term s as vision for .N ET developm ent tool.

A s depicted in the previous im age, Visual Studio's product governance kickstarted at
the initial tim e of the product's developm ent, and so the tim eline of governance runs
from  beginning to end in life cycle. This m eans Visual Studio governance started w ith
Visual Studio 2002 on 13 Feb 2002, and has continued until Visual Studio's latest
release on 1 Feb 2017.

In term s of developm ent, each version of Visual Studio runs in an independent SD LC
cycle. A s per the previous picture, the developm ent cycle is segregated into m ultiple
stages or versions. This is depicted in the m iddle layer of the previous im age.

The operation process actually starts on the eve of the first SD LC  process's
com pletion. This is referred to as a Professional Service in the product life cycle.
C ustom er support service is key throughout the operation step. In our exam ple,
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M icrosoft launched Visual Studio's operation w ith its first release in 2002.
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Source C ode C ontrol System
The Source C ode C ontrol System  (SC C S) is an early version control system . It w as
developed w ith the archiving and versioning of program  source code and other text
files in m ind. The original developm ent w as in SN O BO L at Bell Labs in 1972 by
M arc Rochkind for an IB M  System /370 com puter running O S/360 M V T.

SCCS is prim arily used to prom ote the collaborative developm ent process w ith
seam less effort. It is a softw are program  that supports developers w orking together
w hile m aintaining com plete history.

The m ain purposes of SCCS are listed as follow s:

To allow  the developm ent com m unity to w ork sim ultaneously
To avoid the overw riting of each other's w ork in a collaborative team
To m aintain the com plete history of m ultiple versions

There are a few  SC C S available on the m arket. In this chapter, w e are going to deal
w ith tw o m ajor products, nam ely, G it and TFS.

A s TFS is the leading SCCS product from  M icrosoft, G it is a free G N U  softw are
distributed under G eneral Public License version 2.
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G it
G it is a popular open-sourced D istributed Version C ontrol System  (D V C S). H ere
is the design of a G it product for your understanding.

G it consists of three m ain states in its design. They are:

Com m itted
M odified
Staged

The com m itted state refers to data safely stored in the local database. M odified is
relates to change in the file/data that have not yet been com m itted to the database.
Staged refers to m arking a m odified file in its current version to m ove it into the next
com m it snapshot.

G it has three core states. These defined states lead into the execution section's three
categories, nam ely:

G it D irectory
Staging A rea
W orking D irectory

To start w ith, the G it D irectory a storing place for persisted m eta data and its related
object database for the relevant projects. A s it is leveraged to clone a particular
repository from  one com puter to another, it is a highly im portant com ponent of any
G it product.

The Staging area is a tem porary placeholder, and is usually the file contained in
your G it directory. It persists the inform ation about the list of changes to be
com m itted in the next com m it cycle. It is often know n as an index.

The W orking directory is a placeholder for checking out the version content of a
relevant project. Involved w ith the core process, these files are extracted from  the
original com pressed database in the G it directory. Then, the extracted readable files
are placed on the local disk of the end custom er. Later, the end user can then use it for
their ow n purpose in this w orking directory:
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The basic G it w orkflow  is dem onstrated in the follow ing diagram :

W ith a good understanding of G it's basic concepts, w e can now  explore the
fundam entals of M icrosoft's TFS product.
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T FS
In the m odern social com puting w orld, collaboration is one of the key factors for
success in the business. The Team  Foundation Server (TFS) is a set of tools and
technologies designed by M icrosoft to enable and prom ote collaboration w ithin the
project's team . TFS co-ordinates team  efforts either to build a product or to com plete
the project execution:

TFS contains a key m odule to support the version control system . B y design, it
m anages the m ultiple revisions of source code, docum ents, w ork item s, and other
critical inform ation related to the developm ent project. It increases discipline am ong
the team  so as to stream line the version control process. Its features are listed as
follow s:

In term s of end custom er usage, TFS provides tw o m ethodologies to connect w ith
external system s. They are based either in the G U I (G raphical U ser Interface) or
com m and line.

In system  design, authorization allow s user access based on an assigned role. In a
sim ilar vein, TFS has tw o levels of authorization based on the product usage. They
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are:

Contributor
A dm inistrator

C ontributor is norm al user privilege, w here users have access to add, delete,
m odify, and m aintain the records of all changes applied to the underlying file source.
It is considered as a norm al user m ode w ith the basic functionalities of any version
control system .

In contrast, A dm inistrator is regarded as a super user of the system . Typically, any
adm inistrator m anages the version control server by m aintaining the integrity of data
stored on it. In term s of the TFS product, the adm inistrator has the privilege to
m anage the w orkgroups, perm issions, setup, and check-in policies.
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G it vs T FS
In general, the Version C ontrol System  (V C S) of any developm ent m ode is built
locally. In an enterprise m ode, VCS are broadly categorized into tw o types, nam ely,
centralized and distributed/decentralized version control system s:

G it and TFS are typical products of tw o m odels. A fter com paring the tw o m odels, the
functionality differences are presented as follow s:

S.N o. G it T FS

1
G it is a D istributed Version C ontrol
System  (D VC S). C hanges are
distributed betw een users.

TFS is file-system  based and not
change set-based.

2
By design, creating a branch is
extrem ely quick and cheap, w ith very
little overhead.

C reating branches is very
expensive on m ultiple resources.

3 In term s of cost, G it is an open-
source product. M icrosoft's license product.

4

O n changing the file content, G it
detects the hash difference and m arks
the file for check-in. D uring the
check-in process, only the changed
content goes up. It is m ore like a
snapshot of the data and its
difference.

A s TFS is based on file-system
properties, it is essential to check
out a file before it can be
com m itted. If you overw rite that
file w ithout checking it out, TFS
w ill not be able to detect a
change.

5

If you create 10 branches from  a
trunk, you are just referencing a
snapshot, so the branches take up
bytes of data instead of duplicating
the data over.

C reating 10 branches from
production is essentially copying
that folder 10 tim es.

6
G it supports the concept of rebasing
or pulling in changes from  the trunk
or even m ultiple sources.

TFS sim ply stores its changes as
duplicate files on a server; not
rebase.
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V isual Studio Integration
A fter com paring TFS and G IT, any decision should be based on a few  key factors,
such as the size of a codebase (LoC - Line of C ode), team  size, and team  distribution
(by geographic location). O n analyzing the previously listed strengths and features,
that decision is m ade easier.
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Team  Foundation Version C ontrol
(T FV C )
TFVC is a centralized version control system . W hile it w orks w ell for sm all team s
w ith sm all code bases, TFV C is capable of scaling to support very large codebases
(m illions of files per branch w ith server w orkspaces) and it handles large binary
files w ell. TFV C provides granular perm ission control, allow ing team s to restrict
access dow n to a file level if needed. Since all contributions are checked in to the
central server, it is very easy to audit changes and identify exactly w hich user has
com m itted a given code change.
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G it
G it is a distributed version control system  w here each developer has a copy of the
entire source repository. H aving a local repository m eans that G it w orks w ell in
environm ents w here developers need to w ork w ithout connectivity. It also offers a
sim ple branching m odel that enables developers to quickly create local and private
branches, enabling flexible w orkflow s. G it also w orks w ell in m odular codebases
w here code is distributed across m any repositories.

Ultim ately, m uch of the decision about w hich version control system  to use is about
preference. H ow ever, both system s are equally capable for the m ajority of team s; it
is up to the team  to opt for the right choice. Based on the use cases and business
scenarios, TFS or G it is selected as the version control system  for the enterprise
system .

www.EBooksWorld.ir



D eveloping .N E T C ore project
tem plates for enterprise applications
Softw are developm ent com panies usually develop their ow n architecture and
fram ew orks for different kinds of projects and in-house products. D epending on the
nature of the application, different types of fram ew orks and architectures are
developed. There are Single Page A pplications, m ulti-page applications, W eb A PIs,
W indow s services, and so on. These custom ized fram ew orks are developed by
architects or lead developers to facilitate developm ent efforts and m aintain best
practices.

W e have seen that w henever a new  project is started and w e w ant to reuse the
existing fram ew ork or architecture of som e other project, w e usually copy files and
tw eak them  to m ake them  usable in the current project. This practice som etim es
becom es a cum bersom e process for developers w hen copying files and rem oving
unnecessary code to m ake it usable. W hat if w e have a ready-m ade tem plate
available in Visual Studio, or som e other tooling support that generates the basic
boilerplate code and scaffold project?

In the .N ET w orld, w e can develop custom  tem plates that can be used to create
projects using the sam e fram ew ork code for w hich the tem plate w as created. That
custom ized tem plate then scaffolds the code and creates files and references w hich
w ere part of the fram ew ork, enabling developers or architects to focus on the
im plem entation details rather than configuring and copying the files m anually from
previous projects.

There are various m ethods used to create tem plates for .N ET Core projects. W e can
use V SIX , .N ET CLI or Yeom an to create custom  tem plates. The difference betw een
VSIX  and .N ET CLI is that VSIX  is an extension w hich can be installed as a project
tem plate in Visual Studio, w here as .N ET CLI and Yeom an provide a com m and line
experience for creating projects. In this chapter, w e w ill learn how  w e can use the
.N ET C LI to create custom  tem plates.
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C reating a custom  .N E T C ore project
tem plate using .N E T com m and-line
interface tools
M icrosoft is w orking w ell to m ake the .N ET CLI experience better for developers to
create, build, and run projects through the com m and line interface. You can install the
.N ET C LI using native installers or use the installation shell script.

O nce this is installed, w e can go to the com m and prom pt and run com m ands like new
to create a new  project, restore to restore N uG et packages defined in your project, run
to run the application, build to build the application and so on. W ith this, w e don't
need the Visual Studio ID E to create, build, or run our project, and w e can use Visual
Studio Code or any other editor to build our application.

M icrosoft has recently introduced and is w orking on a new er version of .N ET CLI,
and in the RC3 version a lot of im provem ents and tem plates have been m ade
available for you to choose and create projects from . To create custom  tem plates w e
need to have at least version R C3 or above installed on our m achine. To install the
latest build, please refer to the follow ing link:
https://github.com /dotnet/tem plating.

The latest build uses the dotnet new3 com m and to create projects. O nce this is
installed, you can type dotnet new3 on the com m and prom pt and it w ill show  you the
num ber of tem plates installed.

Creating a tem plate is far easier than creating a new  extension. It only requires a
.template.config folder to be created at the root of the solution or project folder,
depending on how  m any files or folders you w ant to port, and a template.json file that
w ill define som e m etadata about the tem plate.

Suppose w e have an enterprise application architecture ready and w e have
custom ized it to bring O W A SP security practices, design patterns, and other
fram ew ork-related code and w e need to reuse that project as a tem plate for future
projects. W e can do that by creating a .template.config folder at the root of our solution
folder, as follow s:
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Then, w e w ill create a template.json file inside the .template.config folder, w hose
m arkup w ill be as follow s:

    { 
      "author": "Ovais Mehboob (OvaisMehboob.com)", 
      "classifications": [ "Web", "WebAPI" ], // Tags used to
         search for the template. 
      "name": "EA Boilerplate ASP.NET Web API", 
      "identity": "EA.Boilerplate.WebApp", // A unique ID for 
        the project template. 
      "shortName": "eawebapi", // You can create the project 
       using this short name instead of the one above. 
      "tags": { 
        "language": "C#" // Specify that this template is in C#. 
      }, 
      "sourceName": "EAWebApplication", // Name of the csproj
        file and namespace that will be replaced. 
      "guids": [ // Guids used in the project that will be 
        replaced by new ones. 
        "8FBE597A-CFF6-4865-B97A-FCE69005F098", 
      ] 
    }

N ext, w e can use the follow ing com m and to install this tem plate in the .N ET CLI
tool:

dotnet -i "Path of your project"

W e can then create a new  project by executing the follow ing com m and:

dotnet new3 eawebapi
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Perform ance m easuring for .N E T
applications
In this section, w e w ill learn w hat factors w e should consider w hile m easuring
perform ance for .N ET applications. W e w ill learn w hat the perform ance m etrics are
and how  w e can utilize different tools in Visual Studio to m easure them . W e w ill
discuss UI responsiveness, CPU  and m em ory perform ance m etrics, and how  to
analyze m em ory leaks.

W hen any application faces perform ance bottlenecks, the first thing to identify is the
root cause of the area w hich is causing that bottleneck. Usually, w hen anything
happens on the perform ance side, developers or architects im m ediately jum p into
rectifying that issue by optim izing different ends. H ow ever, in doing that, the
bottleneck rem ains still exist. M easuring perform ance is essential before undertaking
any steps for optim ization. W e should spend tim e on identifying the root cause before
optim izing the application code or other areas.
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C PU  utilization
A pplications that do a lot of CPU w ork are know n as CPU-bound applications.
A pplications that involve a lot of I/O , object locking, threading, im age processing, or
any other task that involves CPU utilization are term ed as CPU-bound applications.
To m onitor the perform ance of CPU-bound applications w e can use tools like
Sam pling and Instrum entation.

Sam pling is done by running som e flow  of an application then aggregating them  w ith
m ultiple users to know  the percentage m easure of application perform ance and CPU
utilization w hereas Instrum entation is m onitoring the exact chunk of code being
executed follow ed w ith the tim e taken during execution. This is m ore detailed level
but to carry out this operation w e need to m odify or change application's code to
capture this inform ation w hich is alw ays not possible for applications hosted on
production servers.
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U sing the Sam pling m ethod in V isual
Studio to collect perform ance statistics
W hen you start sam pling on your application, it collects inform ation about the
m ethods that are executing in the application flow  and provides a sum m ary as a
result. M ethods that are heavily executed during the execution cycle becom e part of
the active function call tree know n as H ot Path. O nce the test is com pleted, it
generates the tim eline graph that you can use to look for the bottleneck.

In Visual Studio 2015 or greater, w e can start the sam pling process by going to
the A nalyze > Perform ance Profiler... m enu. M ake sure the configuration is set to
release m ode.

O nce you run your application, it starts recording your application flow  and
identifies the H ot Path. You can perform  operations on your app that can produce
perform ance issues and then stop your application and profiler:

To get the sam pling profiling result, choose the CPU sam pling and finish. This w ill
run the profiler in the background and open up an application w here you can perform
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any action and execute any scenario. O nce you close your application, a profiling
report w ill be generated.

Profiling report show s three sections that are Sam ple Profiling report, H ot Path, and
Functions, w hich do m ost of the individual w ork. Sam ple profiling report displays
the graph show s the C PU  usage in a percentage at a particular tim e. H ot Path tells
you w hich code path in your application is responsible for m ost of the C PU
execution. H ot Path displays the Inclusive and Exclusive sam ples. Inclusive sam ples
are collected during the execution of the target function and contain the sam ples of the
child functions that are executed, w hereas exclusive functions do not contain the child
function execution and contain the direct execution of the instructions executed by the
target function. W e can also click on any of the functions being executed to see the
code that has taken that tim e.

H ere is H ot Path show ing that 100%  execution tim e w as done on GetData m ethod:

W e can click on G etD ata to see the com plete function call and the code being
executed:
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M easuring U I responsiveness
User Interfaces are the core essence of any business application. Business
application could be a desktop-based application, w eb-based, or a native application
that runs on m obile. M easuring U I responsiveness is an essential practice in an
enterprise w orld to m ake an application m ore responsive by em ending UI-related
issues and providing users a better experience. D esktop applications or native
m obile applications have one UI thread that locks user access until the current
request is processed. It could be a huge database call or any other backend
processing like im age or file that locks the UI thread. Thus, give bad experience to
user.

To m easure UI responsiveness, w e can use the C oncurrency Visualizer extension of
Visual Studio that can be added in Visual Studio ID E from  extensions and updates.
This is not supported for w eb projects but provides tabular, graphical, and textual
data to represent the relationship betw een your application threads and the system
w here application is running on.

To run Concurrency Visualizer you can click on the Analyze >
ConcurrencyVisualizer option in Visual Studio, w here you can start a
new  process, attach an existing one, and so on.
The Concurrency Visualizer extension for Visual Studio can be
installed from  the Visual Studio m arket place (http://m arketplace.visualstudi
o.com).

O nce it runs, it starts analysing your system  UI and provide detailed results like
utilization, threads and cross-core thread m igration, delays in synchronization,
overlapped I/O  operations, and m uch m ore. H ere is the sam ple screenshot of the
report it generates after running an analysis on a particular application:
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A nalysing m em ory leaks
Som etim es bad design and pitching som ething on production w ithout prior testing or
code review s em brace quality issues. M em ory leak is one of the m ost com m on
factors in softw are that increases the m em ory, w here often, restarting or killing the
process is the only possible solution.

M em ory leak is a type of resource leak in w hich the application does not m anage the
m em ory property and does not deallocate or dispose the objects from  heap storage.

In the m anaged w orld of .N ET, G C  (garbage collection) is done autom atically by the
CLR from  tim e to tim e and developers don't follow  the practice of disposing objects
and often rely on the G C to free up m em ory. H ow ever, this is not alw ays a good
practice w ith enterprise-level applications or that involve a lot of D isk I/O ,
D atabase, and other related operations.

M em ory leaks for m anaged .N ET application is a lot m ore com plex to identify, but
there are certain tools that help to diagnose the m em ory leaks in an application.

W hen w e run the m anaged .N ET application, four types of heaps m em ory are created
to store the objects as follow s:

Type of H eap D escription

Code heap Stores the actual native code instructions w hen the JIT is done

Sm all object
heap Stores objects that are less than 85K  in size

Large object heap Stores objects that are greater than 85K  in size

Process heap Process w ise heap starts for 1M B  and expands

.N ET m aintains a com plete data structure on Stack, w here all the prim itive data types
are stored and the addresses of the objects stored on heap. This is used by the .N ET
to determ ine the program  execution. Internally, w hen a m ethod is called, .N ET
creates a container that contains all the inform ation related to the m ethod param eters,
variables, and lines of code that w ill be executed for that m ethod. If that m ethod is
calling another m ethod, a new  container is created and stacked on top of it. O n the
other hand, w hen the m ethod com pletes, the container is rem oved from  the top of the
stack and so on.

W hen the G C runs, it checks for the objects allocated on heap storage but not

www.EBooksWorld.ir



referenced by any other object of program  execution. O ther than in the stack, there are
m ore references w here G C checks for the objects are Static or G lobal object
references, O bject finalization, interop references, and CPU registers. These
references are know n as G C  R oots. G arbage collectors traverse the G C Roots tree
and check each of the objects being used and if there are no references freed up from
m em ory.
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Identifying m em ory leaks
There are various tools like JetB rains dotM em ory, PerfView , and others to analyse or
identity m em ory leaks for perform ance. dotM em ory is a very good tool but requires a
license for com m ercial use. In this section, w e w ill use Perf View  and see how
m em ory leaks can be identified.

To install PerfView , you can go to M icrosoft dow nload centre site, https://w w w .m icrosoft.c
om /en-us/dow nload/details.aspx?id=28567, and dow nload.

It's a sim ple .exe file and you don't need to install it. PerfView  is highly suitable for
production use. It is quite easy to use and takes snapshots w hile your application is
running w ithout affecting or freezing the application perform ance.

A nother im portant tool is the V M M ap, w hich show s com plete inform ation, such as
size, com m itted, private, and other inform ation related to storage for a particular
process. A fter running VM M ap you can select the process for w hich you w ant to
know  the G C R oots storage inform ation as follow s:

This tool is good to get the glance view  storage allocation, but to rectify the exact
area w here the problem  persists w e w ill use PerfView .

To take a snapshot from  PerfView , run the PerfView  and click on M em ory >  Take
H ead Snapshot option:
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M ax. D um p K  O bjs is the total size of the objects snapshot w ill be taken. If the size is
big, PerView  autom atiaclly perform s H eap Sam pling and extracts the m axim um  of
250 K .

Force G C  is an option from  w here w e can explicity run G C to perform  garbage
collection.

D um p G C  H eap takes the snapshot and stores it your PerfView  for further analysis.
You can take m ultiple snapshots and com pare the differences:

You can open a dum p file,  and it opens up the G C  H eap view er that provides a list
of aggregate stacks encountered during sam pling. It includes the m ethods fram es that
w ere captured during sam pling:
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The im portant colum ns to note are Exc% , Exc, Inc% , and Inc. Exclusive represents
the tim e spent on a particular m ethod, w hereas Inclusive represents the exclusive
tim e plus the tim e x in the m ethods. W e can also drill dow n each object and see the
child objects in the tree.

This is a great tool to identify m em ory leaks, and to learn m ore you can refer to the
Channel 9 video at the follow ing link:
 https://channel9.m sdn.com /Series/PerfV iew -Tutorial.
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Sum m ary
N ow , you w ill have learnt the im portant aspects and best practices of application life
cycle m anagem ent, popular A LM  tools, custom  tem plates for .N ET Core
applications, and how  to m easure the perform ance of .N ET applications using Visual
Studio in an enterprise softw are developm ent process.

In the next chapter, w e w ill discuss how  to im plem ent layered architecture using
A SP.N ET Core and client-side fram ew orks.
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L ayered A pproach to Solution
A rchitecture
There are various approaches w hen developing a solution architecture, and it is
im portant to note that com plexity should only be added in the architecture w hen it is
required. A dding com plexity to the architecture is not a bad practice and is
acceptable if it solves a particular need or reduces the developm ent effort for
developers during the developm ent life cycle. In a layered architecture, the
application consists of various layers, nam ely, presentation, service, business, and
data access layers, and every layer is responsible for serving specific tasks.

The layered approach is one of the w idely used approaches in developing enterprise
applications. In this chapter, w e w ill study som e of the core concepts of layered
architecture and also develop an architecture using .N ET Core to discuss this topic.

In this chapter, w e w ill focus on the follow ing topics:

D iscuss the follow ing layers in layered architecture:
Presentation layer
Service layer
Business layer
D ata access layer

Im plem ent a practical im plem entation of each layer using .N ET Core, A SP.N ET
Core, Entity Fram ew ork, and A ngular
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L ayers in layered architecture
A n enterprise application consists of various layers. Each layer is independent and
few er dependencies on the other layer that m akes it m ore pluggable and easy to
m aintain. Com m unication w ith other layers can be m ade through interfaces that
encapsulate the logic or im plem entation details from  the calling layer. N orm ally,
business applications are n-tiered and logically divided into the presentation layer,
service layer, business layer, and data access layer. The benefits of layered
architecture are as follow s:

It is a loosely coupled system
Team s can w ork on different layers, in parallel, w ith m inim al dependencies on
other team s
Changes to any layer in term s of technology or business logic have little im pact
on the other layers
Testing can be done easily
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Presentation layer
This layer contains all the user interfaces of an application. In term s of A SP.N ET
Core, it contains M VC controllers, view s, static files (im ages, H TM L pages),
JavaScript files, and other client-side fram ew orks like A ngular, K nockout, and
others. This is the frontend layer w ith w hich the user interacts. K eeping this layer
separate facilitates upgrading the existing interfaces or design w ithout m aking any
changes to the backend layers.

There are som e architectural principles w hich should be follow ed w hen designing
the presentation layer. A  good presentation layer design can be achieved by
follow ing these three principles:

First of all, our data should be separated from  view  and use patterns like M VC,
M VVM , or M VP to address separation of concerns.
Separate team s should w ork on the UI and business layer sim ultaneously.
M inim ize the application logic separate from  the presentation layer -- the
presentation layer should only contains form s, fields, validation, and related
checks. A ll server-side logic should reside on the business layer.
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Service layer
The service layer is the m ain layer, w hich connects the presentation layer to the
business layer. It exposes som e m ethods through class libraries, W eb A PIs, or w eb
services used by the presentation layer to perform  certain operations and access data.
M oreover, it also encapsulates the business logic, and exposes POST, GET , and other
H TTP m ethods to perform  certain functionality. There are few  advantages of keeping
it w eb-based instead of m aking it a shared library project.

The follow ing table show s the advantages of both a w eb-based and a shared library:

The service layer can also contain m ethods that do not call the business layer, but are
helper m ethods or com m on m ethods, w hich are used by the presentation layer and
other consum ing parties to the achieve desired functionality. For exam ple, the service
layer can contain a m ethod that takes a list of strings as a param eter and returns a
C SV  (com m a separated value) string w here this operation does not require any
backend database operation.

Securing services is highly recom m ended w hen building enterprise applications;
keeping the endpoints open leads to counterfeiting of the data from  unauthorized
access. W ith A SP.N ET, this can easily be achieved by authenticating the user using
the A SP.N ET security m echanism , protecting resources im peratively through the
A uthorize attribute or custom  policies. The service layer is the prim ary layer that
exposes data to third-party sources. Therefore, logging and transactions should be
properly addressed.

There are various approaches to im plem ent the Service layer using the .N ET stack.
W e can use W eb A PI, Service Stack, W CF, and PO CO s to create the service layer.
H ow ever, w ith .N ET Core, w e can develop services using W eb A PI, Service Stack,
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and the PO CO s libraries. W hereas W C F can be developed on .N ET 4.5 or earlier
versions of the .N ET fram ew ork, proxies can be created using W CF C onnected
Services.
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B usiness layer
The business layer is the core layer in the layered architecture. It contains the actual
logic of the application and m anages the events that trigger from  the presentation
layer. There are different approaches w hen building the business layer and every
approach is dependent on the scope and tim eline of the project.

Let's discuss a few  patterns that are highly used w hen designing or architecting the
business layer:
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Transaction Script pattern
W ith this approach, the business layer provides sim ple public m ethods to perform  a
particular functionality. This is a procedural approach, w here each m ethod represents
the corresponding operation taken on the presentation layer. For exam ple, the
SubmitVendor action m ay have a corresponding m ethod in the business layer such as
CreateVendor and so on.
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Table M odule pattern
In this approach, each class represents one entity, used to perform  C R U D  (create,
read, update, and delete) operations on the table. Considering the .N ET stack, w e
m ostly used the DataSet and DataTable objects, that is bound to the particular table in the
backend database.
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A ctive R ecord pattern
W ith the A ctive R ecord pattern, each instance of the class represents a database row .
So, if w e have an instance of the class that is representing a particular row , w e can
use that instance to perform  CRU D  operation on that row  and this can be
im plem ented using Entity Fram ew ork or other O R M  (O bject R elational M apper)
tools.

If you have noticed in the Entity Fram ew ork, every class is bound to a consequent
table, and contains properties that are tightly bound to the table colum ns. W ith this
pattern, each PO CO  class represents a database row  and contains a key and other
properties to represent that row .
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D om ain D riven D esign (D D D ) pattern
D om ain D riven D esign is a com plex pattern, but not tightly coupled w ith the backend
database. In this approach, classes are structured in such a w ay as to represent the
entity of the dom ain and not the table. For exam ple, if w e are going w ith the D D D
pattern, w e m ay have three tables--U ser, A ddress, and Profile, w hich represent the
com pany's em ployee as a dom ain entity. This is a good approach, how ever, it
takes sufficient tim e to understand and structure the dom ain entities. It represents the
business language and hides the logical details from  the presentation layer.
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D ata access layer
The D A L (data access layer) is the core layer that interacts w ith the backend
database. There are certain core classes w e develop, w hich com m unicates w ith the
database, m anage connections and execute the CRU D  operations. C ertain patterns can
be im plem ented to m inim ize the redundant effort of opening and closing connections
and applying transactions that can be encapsulated through a sim ple interface and
used by the business layer to perform  CRUD  operations. The m ost w idely used
pattern for this layer is the R epository pattern, w hich w e w ill explore later in this
chapter.
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O bjectives of layered architecture
The objective of layered architecture is to provide separation betw een each layer.
Each layer should be designed in such a w ay that it has very little, or no im pact on
the other layers. There are different techniques to achieve decoupling betw een layers
and interfaces are one of the techniques that are prim arily used. Instead of using the
concrete im plem enters, w e use interfaces to com m unicate w ith the other layers and
the changes do not im pact on others. For exam ple, there are cases w here w e m ay
w ant to change the database engine in the D A L and instead of using SQ L Server w e
can choose O racle. O r, in the case of the U I, w e m ay w ant to change the W eb Form s
fram ew ork for an M VC  fram ew ork. G ood architecture alw ays provide this
decoupling and reduces dependencies.
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Practical im plem entation of layered
architecture in .N E T  C ore
So far, w e have learnt the core concept of layered architecture and the usage of each
layer. To elaborate and study m ore about the best practices and design patterns used
to im plem ent layered architecture using .N ET Core, w e w ill develop an enterprise
application architecture and take a sim ple tenant w ebsite.
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Scope
W e w ill take a scenario w here custom er is a tenant and is already registered. The
custom er uses the T M S (Tenant M anagem ent System ) to lodge service requests. In
this chapter, w e w ill im plem ent the basic Service Request form  and prim arily focus
on the architecture. You can try and com plete the rest of the im plem entation from  the
code provided w ith this book.
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L ogical architecture
Logically, our solution is divided into five projects. The follow ing is the architecture
diagram  show ing how  each project is lined up and represents each layer of the
layered architecture:

Follow ing is a description of each layer in our project:
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Presentation layer
W eb application project is nam ed as EA.TMS.WebApp. This is an A SP.N ET Core project
and contains view s, A ngular com ponents, and TypeScript files to interact w ith the
service layer to perform  H TTP operations. It also provides user authentication using
the C A S (centralized authentication system ) system , developed in C hapter 10,
Security Practices w ith .NET Core, to authenticate users and provide authorized
access.
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Service layer
The service layer project is nam ed as EA.TMS.ServiceApp. This is an A SP.N ET Core
project and contains W eb A PIs. This is also protected using CA S. This service layer
interacts w ith the B L (business layer) to perform  business functionality.
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B usiness layer
The business layer project is nam ed EA.TMS.BusinessLayer. This is a .N ET Core class
library project and contains business m anager classes to im plem ent business
requirem ents. This w ill call the data access layer to perform  the CRUD  operations.
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D ata access layer
The data access layer project is nam ed EA.TMS.DataAccess. This w ill be the .N ET Core
class library project. In this project, w e w ill im plem ent Repository and Unit of W ork
patterns and define our custom  D ata Context class to use w ith Entity Fram ew ork
Core.
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C om m on layer
The com m on layer project is a .N ET Core class library project and w e have nam ed it
EA.TMS.Common. This is shared betw een all the layers.
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Setting up the environm ent
To set up our developm ent environm ent, here are the list of pre-requisite setups that
w e need to run on our m achines:

1. Install Visual Studio 2015 or 2017 from  http://w w w .visualstudio.com .

Visual Studio is also available for M ac now  and you can dow nload it
from  the sam e link as m entioned above.

2. If using Visual Studio 2015, m ake sure U pdate 3 is installed. This is needed to
w ork sm oothly w ith A ngular, w hich is based on TypeScript 2.0.

3. Install the latest .N ET Core version from  https://w w w .m icrosoft.com /net/core.
4. Install TypeScript 2.0 for Visual Studio 2015 or a later version.
5. Install N ode 4 or later. You can check the version by running the com m and node -

v at the com m and prom pt.

6. A s w e w ill be developing an SPA  (Single Page A pplication) and using A ngular
as the frontend client-side fram ew ork, w e have the option to either configure it
on our ow n, or install a Visual Studio extension for A ngular, w hich m akes the
basic boilerplate configuration sim ple. In this chapter, w e w ill develop a w eb
application project from  scratch w ithout using ready-m ade extension.

7. A nother w ay to create projects is using the .N ET CLI tools. The new  .N ET CLI
tooling provides certain tem plates that you can use to create projects by running
sim ple com m ands through a com m and-line interface. The m ain benefit of using
these tools is cross-platform . W e can use these tools in Linux, M ac, and
W indow s operating system s to create projects and use Visual Studio Code, or
any other editor, to w rite code.
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C reating the solution
O nce our developm ent environm ent is setup, w e w ill start creating the layers as
follow s.
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C reating the com m on layer
W e w ill start by creating the com m on layer first. This layer is the com m on layer and
is referenced by all the other layers. It contains som e core classes and helper
functions w hich w ill be used by each layer. The data access layer w ill create a
database from  the entities defined in the com m on layer. The business layer w ill use
the entities and business objects defined in the com m on layer to perform  data
m anipulations and the presentation layer w ill use it to bind the m odels w ith the
view s.

To start w ith, create a new  C lass Library (.N ET C ore) project. O nce it is created, w e
w ill add a few  entities specific to the Tenant M anagem ent System :

The follow ing entity w ill hold user profile inform ation and is derived from  the
IdentityUser class provided in the A SP.N ET Core Identity Fram ew ork. W e w ill use
A SP.N ET Identity Core and Identity Server to perform  user authentication and
authorization. To learn m ore about Identity Core and how  to configure it in an
A SP.N ET application, please refer to C hapter 10, Security Practices w ith .N ET Core.

H ere is the code of the ApplicationUser class:

    public class ApplicationUser : IdentityUser 
    { 
    }

N orm ally, w hen designing the entity m odels, all the generic properties should reside
under the base entity. So, w e w ill create a BaseEntity class, w hich w ill be inherited by
all child entities.

H ere is the code for the BaseEntity class:

    public abstract class BaseEntity 
    { 

        public BaseEntity() 
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        { 
            this.CreatedOn = DateTime.Now; 
            this.UpdatedOn = DateTime.Now; 
            this.State = (int)EntityState.New; 
        } 
        public string CreatedBy { get; set; } 
        public DateTime CreatedOn { get; set; } 
        public string UpdatedBy { get; set; } 
        public DateTime UpdatedOn { get; set; } 

        [NotMapped] 
        public int State { get; set; } 

        public enum EntityState 
        { 
            New=1,  
            Update=2,  
            Delete =3,  
            Ignore=4 
        } 
    }

In our BaseEntity class, w e have four transactional properties--CreatedBy, CreatedOn,
UpdatedOn, and UpdatedBy, w hich are com m on for every entity derived from  it. These
fields are good to store the user inform ation and the transaction date tim e. EntityState
is used to m anage the state of each object and helps the developer to set states w hen
m anipulating a grid or a collection.
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E ntities m apped to database tables
The follow ing is the ServiceRequest class that w ill be used to subm it the service
requests of the tenant:

    [Description("To store Service Requests submitted by Tenants")] 
    [Table("ServiceRequest")] 
    public class ServiceRequest : BaseEntity 
    {  
        [Key] 
        public long ID { get; set; } 

        public long TenantID { get; set; } 
        [ForeignKey("TenantID")] 
        public virtual Tenant Tenant { get; set; } 

        [MaxLength(1000)] 
        public string Description { get; set; } 

        [MaxLength(300)] 
        public string EmployeeComments { get; set; } 

        public int StatusID { get; set; } 
        [ForeignKey("StatusID")] 
        public virtual Status Status { get; set; } 

    }

Please refer to the code provided w ith this book to define m ore entities.
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B usiness objects
W e w ill create a separate folder for BusinessObjects inside the com m on layer.
BusinessObjects are classes that are com posite entities or business m odels and contain
properties to carry data for a specific business m odel. The follow ing is a sam ple
TenantServiceRequest business object:

    public class TenantServiceRequest : BaseEntity 
    { 
        public string Description { get; set; } 
        public string EmployeeComments { get; set; } 
        public string Status { get; set; } 

        public long TenantID { get; set; } 
        public string TenantName { get; set; } 
        public string Email { get; set; } 
        public string Phone { get; set; } 
    }
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L ogging events
Logging events contain som e constant num bers, w hich are used w hile logging
inform ation. W hen developing an enterprise application, it is a recom m ended
approach to provide a specific action num ber, irrespective of w hether it's an error,
inform ation, w arning, and so on.

This helps the developer to trace out the exact action w hich w as executed on that
piece of code w hen the m essage w as logged. A nd, in the event of an error, it
im m ediately gives at a glance m eaning about the error type, m aking it easy for the
developer or support team  to identity the root cause and resolve it.

H ere are a few  of the sam ple logging events w e have defined in our project, w hich
w ill be used through the layers w here logging w ill be im plem ented:

    public static class LoggingEvents 
    { 
        public const int GET_ITEM = 1001; 
        public const int GET_ITEMS = 1002; 
        public const int CREATE_ITEM = 1003; 
        public const int UPDATE_ITEM = 1004; 
        public const int DELETE_ITEM = 1005; 
        public const int DATABASE_ERROR = 2000; 
        public const int SERVICE_ERROR = 2001; 
        public const int ERROR = 2002; 
        public const int ACCESS_METHOD = 3000; 
    }
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L ogging helper
LoggingHelper is a helper class, w hich w ill be used throughout the project to log the
exception and read the com plete stack trace about the exception:

    public static class LoggerHelper 
    { 
        public static string GetExceptionDetails(Exception ex) 
        { 

            StringBuilder errorString = new StringBuilder(); 
            errorString.AppendLine("An error occured. "); 
            Exception inner = ex; 
            while (inner != null) 
            { 
                errorString.Append("Error Message:"); 
                errorString.AppendLine(ex.Message); 
                errorString.Append("Stack Trace:"); 
                errorString.AppendLine(ex.StackTrace); 
                inner = inner.InnerException; 
            } 
            return errorString.ToString(); 
        } 
    }

M ore helper m ethods and classes can be added in the com m on layer,
which can be used throughout the application layers.

H ere is the final structure of our com m on layer:
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D ata access layer
A ll the repositories and database persistence classes reside under the data access
layer (D A L). This layer is used by the business layer to perform  database operations.
For database persistence, w e w ill use Entity Fram ew ork Core - C ode first m odel.
Entity Fram ew ork is an object relational-m apper (O R M ), w hich enables
developers to w ork w ith relational data using dom ain specific object and allow s the
use of LIN Q  or Lam bda expressions to search or filter data.

Let's start by creating a new  Console A pplication (.N ET C ore) project. The reason
w hy w e create the .N ET C ore console application is because w e w ill run the .N ET
CLI com m ands to run database m igrations and it w ill not w ork w ith the class library
project as per the present configurations:

In our D A L, w e w ill im plem ent a Repository, Unit of w ork pattern, and Factory
patterns.
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C reating D ata C ontext
W hen w orking w ith the code first m odel of Entity Fram ew ork, w e need to define our
custom  context class, w hich should be derived from  the DbContext class. A ny class that
inherits from  the DbContext class is used to perform  the database m anipulation on the
entities. In our case, w e w ill use IdentityDbContext, w hich is a w rapper on the DbContext
class and takes the IdentityUser object. IdentityDbContext is a generic base class, w hich
can be custom ized w ith entity types that extend from  the IdentityUser types.

G iven next is the DataContext class, w hich contains the DbSet property for each entity.
DbSet represents the entity set that is used to create, update, delete, and read records
from  a particular table to w hich the entity is m apped. If DbSet is defined for a
particular entity, then the table w ill be created on running the database m igration and
the relationship and other constraints w ill be added based on the configuration
defined. Entities that are not defined through the DbSet property w ill not be affected by
m igration and their corresponding tables w ill not be generated.

H ere is our DataContext class containing a few  DbSet properties and derived from
IdentityDbContext class:

    public class DataContext : IdentityDbContext<ApplicationUser> 
    { 
        public DataContext() 
        { 
        } 

        protected override void OnConfiguring(
        DbContextOptionsBuilder optionsBuilder) 
        { 
            base.OnConfiguring(optionsBuilder);  
            optionsBuilder.UseSqlServer("Data Source=.;
            Initial Catalog=TMS;
            Integrated Security=False;
            User Id={your_db_userid};
            Password={your_db_password};"); 
        } 

        protected override void OnModelCreating(ModelBuilder builder) 
        { 
            base.OnModelCreating(builder); 
        } 
        + 
        public virtual void Save() 
        { 
            base.SaveChanges(); 
        } 

        #region Entities representing Database Objects 
        public DbSet<Employee> Employee { get; set; } 
        public DbSet<Job> Job { get; set; } 
        public DbSet<JobTask> JobTask { get; set; } 
        public DbSet<JobWorker> JobWorker { get; set; } 
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        public DbSet<Property> Property { get; set; } 
        public DbSet<ServiceRequest> ServiceRequest { get; set; } 
        public DbSet<Status> Status { get; set; } 
        public DbSet<Tenant> Tenant { get; set; } 
        #endregion 
    }
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C reating D bFactory
In an enterprise application, w e m ay have m ultiple databases from  w here w e need to
perform  database operations. So, rather than injecting DataContext directly into the
Repository, w e w ill create a DbFactory class and inject our DataContext through
dependency injection. For exam ple, if w e have m ultiple data context classes pointing
to different databases, w e can inject them  all through the param eterized constructor in
DbFactory and expose properties to return their instance.

It is alw ays better to expose interfaces, as it encapsulates the actual im plem entation.
W e w ill create the IDbFactory interface and then im plem ent it using the DbFactory class.

H ere is the code of the  IDbFactory interface:

    public interface IDbFactory 
    { 
      DataContext GetDataContext { get; } 
    }

The follow ing is the code of the DbFactory class:

    public class DbFactory : IDbFactory, IDisposable 
    { 

        private DataContext _dataContext; 
        public DbFactory(DataContext dataContext) 
        { 
            _dataContext = dataContext; 
        } 

        public DataContext GetDataContext 
        { 
            get 
            { 
                return _dataContext; 
            } 
        } 

        #region Disposing  

        private bool isDisposed; 
        public void Dispose() 
        { 
            Dispose(true); 
            GC.SuppressFinalize(this); 
        } 

        public void Dispose(bool disposing) 
        { 
            if (!isDisposed && disposing) 
            { 
                if (_dataContext != null) 
                { 
                    _dataContext.Dispose(); 
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                } 
            } 
            isDisposed = true; 
        } 

        #endregion 
    }
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R epository pattern
The Repository pattern is w idely used in an enterprise application and decouples the
D A L w ith the m anagers defined in BL through interfaces. It abstracts the underlying
technology and architecture of D A L and m akes it easy for an architect or developer to
change it easily w ithout affecting the B L m anagers or the objects that are consum ing
it. For exam ple, w e use a repository to separate the im plem entation of retrieving the
data from  the business logic and keep it agnostic to the type of data that com prises the
data access layer. In this w ay, our data source could be a database, w eb service, or
any flat file, or the like and changing the data source w ould not affect the business
layer by using the R epository.

In our case, w e w ill im plem ent a generic repository so that any m odel can use that
interface to perform  CRUD  operations. To im plem ent the Repository pattern, w e w ill
create an interface as follow s:

    public interface IRepository 
    { 
        IQueryable<T> All<T>() where T : class; 
        void Create<T>(T TObject) where T : class; 
        void Delete<T>(T TObject) where T : class; 
        void Delete<T>(Expression<Func<T, bool>> predicate)
          where T : class; 
        void Update<T>(T TObject) where T : class; 
        void ExecuteProcedure(string procedureCommand,
          params SqlParameter[] sqlParams); 
        IEnumerable<T> Filter<T>(Expression<Func<T, bool>> predicate) 
          where T : class; 
        IEnumerable<T> Filter<T>(Expression<Func<T, bool>> filter,
        out int total, int index = 0, int size = 50)
          where T : class; 
        T Find<T>(Expression<Func<T, bool>> predicate)
          where T : class; 
        T Single<T>(Expression<Func<T, bool>> expression) 
          where T : class; 
        bool Contains<T>(Expression<Func<T, bool>> predicate)
          where T : class; 
    }

The preceding IRepository interface has generic m ethods, w hich can be im plem ented
by the Repository class to perform  transaction handling, saving or updating records
in the database and searching the records based on different filtering criteria.

G iven next is the Repository class that im plem ents the IRepository interface:

    public class Repository : IRepository 
    { 
        DataContext _context; 

        public Repository(IDbFactory dbFactory) 
        { 
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           _context = dbFactory.GetDataContext; 
        } 

        public T Single<T>(Expression<Func<T, bool>> expression)
          where T : class 
        { 
            return All<T>().FirstOrDefault(expression); 
        } 

        public IQueryable<T> All<T>() where T : class 
        { 
            return _context.Set<T>().AsQueryable(); 
        } 

        public virtual IEnumerable<T> Filter<T>(
        Expression<Func<T, bool>> predicate) where T : class 
        { 
            return _context.Set<T>().Where<T>
              (predicate).AsQueryable<T>(); 
        } 

        public virtual IEnumerable<T> Filter<T>
          (Expression<Func<T, bool>>
        filter, out int total, int index = 0, int size = 50)
          where T : class 
        { 
            int skipCount = index * size; 
            var _resetSet = filter != null ? _context.Set<T>
              ().Where<T>
            (filter).AsQueryable() : _context.Set<T>().AsQueryable(); 
            _resetSet = skipCount == 0 ? _resetSet.Take(size) :
            _resetSet.Skip(skipCount).Take(size); 
            total = _resetSet.Count(); 
            return _resetSet.AsQueryable(); 
        } 

        public virtual void Create<T>(T TObject) where T : class 
        { 
            var newEntry = _context.Set<T>().Add(TObject); 
        } 

        public virtual void Delete<T>(T TObject) where T : class 
        { 
            _context.Set<T>().Remove(TObject); 
        } 

        public virtual void Update<T>(T TObject) where T : class 
        { 
            try 
            { 
                var entry = _context.Entry(TObject); 
                _context.Set<T>().Attach(TObject); 
                entry.State = EntityState.Modified; 
            } 
            catch (Exception ex) 
            { 
                throw ex; 
            } 
        } 
        public virtual void Delete<T>(Expression
          <Func<T, bool>> predicate) where T : class 
        { 
            var objects = Filter<T>(predicate); 
            foreach (var obj in objects) 
                _context.Set<T>().Remove(obj); 
        } 
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        public bool Contains<T>(Expression<Func<T, bool>> predicate)
          where T : class 
        { 
            return _context.Set<T>().Count<T>(predicate) > 0; 
        } 
        public virtual T Find<T>(Expression<Func<T, bool>> predicate) 
          where T : class 
        { 
            return _context.Set<T>().FirstOrDefault<T>(predicate); 
        } 
        public virtual void ExecuteProcedure(String procedureCommand,
          params SqlParameter[] sqlParams) 
        { 
            _context.Database.ExecuteSqlCommand(procedureCommand,
              sqlParams); 
        } 

    }
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U nit of W ork pattern
W e im plem ent the U nit of W ork (U O W ) pattern to avoid m ultiple calls to the
database server on each object change. W ith Repository, w e store the object state on
any particular transaction and subm it the changes once through the UO W  pattern.

The follow ing is the interface of U nit of W ork that exposes four m ethods to begin and
end transactions and to save changes:

    public interface IUnitOfWork 
    { 
        void BeginTransaction(); 

        void RollbackTransaction(); 

        void CommitTransaction(); 

        void SaveChanges(); 
    }

The next item  is the im plem entation of U nit of W ork, w hich takes the DbFactory
instance, and allow  m ethods to begin and end transactions and call the SaveChanges
m ethod to push the changes in one call to the database. This w ay, a single call is
m ade to the database server and any operation perform ed on the Repository w ill be
done in-m em ory, w ithin the database context:

    public class UnitOfWork : IUnitOfWork 
    { 
        private IDbFactory _dbFactory; 

        public UnitOfWork(IDbFactory dbFactory) 
        { 
            _dbFactory = dbFactory; 
        } 

        public void BeginTransaction() 
        { 
            _dbFactory.GetDataContext.Database.BeginTransaction(); 
        } 

        public void RollbackTransaction() 
        { 
            _dbFactory.GetDataContext.Database.RollbackTransaction(); 
        } 

        public void CommitTransaction() 
        { 
            _dbFactory.GetDataContext.Database.CommitTransaction(); 
        } 

        public void SaveChanges() 
        { 
            _dbFactory.GetDataContext.Save(); 
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        } 
    }
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R unning m igration
Running .N ET C LI com m ands is straightforw ard. There are various com m ands that
helps you w ith adding m igration, rem oving m igration, updating the database,
dropping the database, and so on.

Let's start by creating the initial m igration first. To create the initial m igration, you
have to go to the root folder path of your data access layer project and run the
follow ing:

dotnet ef migrations add Initial 

In the preceding com m and, Initial is the nam e of the m igration. W hen the com m and is
executed, it actually searches for the class derived from  the DbContext base class, and
creates the database and tables for the connection string defined. O therw ise, the local
D B store w ill be used.

O n running, a new  Migrations folder is created containing the file suffix Initial.cs, as
show n in the follow ing im age:

Each m igration class has tw o m ethods, nam ely, Up and Down, w hich are used to apply
or revoke changes.

To create a database or to apply changes on the existing database, w e have to run the
follow ing com m and:

dotnet ef database update -verbose

In the last com m and, -verbose is the sw itch used w hen you w ant to know  the details of
the operation being executed.

N ow , once this com m and is executed successfully, our database and tables w ill be
created, as show n in the follow ing screenshot:
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If you notice, in the last screenshot, there are som e AspNet* tables, w hich are not
defined in our DataContext class, but created autom atically. The reason is the
IdentityDbContext class, w hich takes the IdentityUser type. To study m ore about
IdentityUser and IdentityDbContext, please refer to C hapter 10, Security Practices w ith
.NET C ore. A nother im portant thing to note is the _EFMigrationsHistory table. This is the
default table created after running the Entity Fram ew ork m igrations and contains the
entry of each m igration. W hen running the m igrations from  .N ET C LI com m and,
Entity Fram ew ork actually checks the last m igration entry in this table, and executes
the corresponding m igrations accordingly. To learn m ore about m igrations, please
refer to this link: https://docs.m icrosoft.com /en-us/aspnet/core/data/ef-m vc/m igrations.

The next screenshot show s the final structure of the data access layer:
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B usiness layer
The Business layer contains the actual logic of the application. It exposes interfaces
and defines business m anagers to perform  business operations. To start w ith, w e w ill
create a Class Library (.N ET C ore) project and reference data access and com m on
layer projects:
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D evelop core classes
W e w ill start by creating a Core folder and defining a few  classes, w hich w ill be
com m on for all the m anagers and referenced by all business m anagers.

IActionManager is the interface that exposes four com m on m ethods to perform  the CRUD
operations. A ny m anager im plem enting this interface has to define the im plem entation
for CRU D  operations:

    public interface IActionManager 
    { 
        void Create(BaseEntity entity); 
        void Update(BaseEntity entity); 
        void Delete(BaseEntity entity); 
        IEnumerable<BaseEntity> GetAll(); 
        IUnitOfWork UnitOfWork { get; } 
        void SaveChanges(); 
    }

BaseEntity is our base entity class from  w hich every entity in the com m on layer is
derived.

N ext, w e w ill add the abstract BusinessManager class, w hich w ill be inherited by all the
concrete classes. Currently, this does not have any m ethod defined, but in future, if
any abstract m ethods need to be added, m ethods can be defined and all the business
m anagers can use them :

    public abstract class BusinessManager 
    { 
    }

W e w ill be injecting the business m anagers into the service layer. H ow ever, in
certain scenarios, there could be a requirem ent to have m ultiple or all, business
m anagers needed in any service controller class. To handle this scenario, w e w ill
develop the BusinessManagerFactory class, inject the instances through constructor
injection and expose properties that return the scoped objects to the controller. H ere
is the BusinessManagerFactory added in our BusinessLayer to provide access to any m anager
needed at any tim e:

    public class BusinessManagerFactory   
    { 
        IServiceRequestManager _serviceRequestManager; 
        ITenantManager _tenantManager; 
        public BusinessManagerFactory(IServiceRequestManager 
        serviceRequestManager=null, ITenantManager tenantManager=null) 
        { 
            _serviceRequestManager = serviceRequestManager; 
            _tenantManager = tenantManager; 
        } 
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        public IServiceRequestManager GetServiceRequestManager() 
        { 
            return _serviceRequestManager; 
        } 

        public ITenantManager GetTenantManager() 
        { 
            return _tenantManager; 
        } 

    }
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D eveloping business m anagers
N ow  w e can start developing our business m anagers, w hich can be used by the
service controllers in service layers. W hen designing enterprise application
architecture, it's alw ays a better choice to expose interfaces rather than classes. This
is recom m ended to encapsulate the actual im plem entation and to ensure that
unnecessary m ethods or properties are not know n by the consum er object.

A dd the Managers folder and keep the interface and its im plem entation in its dom ain-
specific folder.

The follow ing is the IServiceRequestManager that exposes one m ethod to return the list of
service requests lodged by tenants:

    public interface IServiceRequestManager : IActionManager 
    { 
        IEnumerable<TenantServiceRequest>
          GetAllTenantServiceRequests(); 
    }

W e have derived this interface from  the IActionManager interface, so the im plem enter
class can provide im plem entation for the CRUD  m ethods as w ell.

N ow  w e w ill add the ServiceRequestManager class that im plem ents the
IServiceRequestManager interface as follow s:

    public class ServiceRequestManager : BusinessManager,
    IServiceRequestManager 
    { 
        IRepository _repository; 
        ILogger<ServiceRequestManager> _logger; 
        IUnitOfWork _unitOfWork; 

        public IUnitOfWork UnitOfWork 
        { 
            get 
            { 
                return _unitOfWork; 
            } 
        } 

        public ServiceRequestManager(IRepository repository,
        ILogger<ServiceRequestManager> logger,
        IUnitOfWork unitOfWork) : base() 
        { 
            _repository = repository; 
            _logger = logger; 
            _unitOfWork = unitOfWork; 
        } 

        public void Create(BaseEntity entity) 
        { 
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            ServiceRequest serviceRequest = (ServiceRequest)entity; 
            _logger.LogInformation("Creating record for {0}",
              this.GetType()); 
            _repository.Create<ServiceRequest>(serviceRequest); 
            _logger.LogInformation("Record saved for {0}",
              this.GetType()); 
        } 

        public void Delete(BaseEntity entity) 
        { 
        } 

        public IEnumerable<BaseEntity> GetAll() 
        { 
            throw new NotImplementedException(); 
        } 

        public void Update(BaseEntity entity) 
        { 
            throw new NotImplementedException(); 
        } 

        public IEnumerable<TenantServiceRequest>
          GetAllTenantServiceRequests() 
        { 

            var query = from tenants in _repository.All<Tenant>()
            join serviceReqs in _repository.All<ServiceRequest>() 
              on tenants.ID equals serviceReqs.TenantID 
              join status in _repository.All<Status>() 
              on serviceReqs.StatusID equals status.ID 
              select new TenantServiceRequest() 
              { 
                  TenantID = tenants.ID, 
                  Description = serviceReqs.Description, 
                  Email = tenants.Email, 
                  EmployeeComments = serviceReqs.EmployeeComments, 
                  Phone = tenants.Phone, 
                  Status = status.Description, 
                  TenantName = tenants.Name 
              }; 
            return query.ToList<TenantServiceRequest>(); 
        } 

        public void SaveChanges() 
        { 
            _unitOfWork.SaveChanges(); 
        } 
    }

If you have noticed, w e have injected Repository, Logger, and UnitOfWork. B oth Repository
and UnitOfWork objects w ill be scoped per request, w hereas the Logger object w ill be a
singleton object. W e w ill register them  through the .N ET C ore built-in dependency
injector in the service layer Startup class.

Sim ilar to ServiceRequestManager, w e w ill add another m anager under Managers >
TenantManagement to provide tenant m anagem ent. H ere is the code for the ITenantManager
interface:

    public interface ITenantManager : IActionManager 
    { 
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        Tenant GetTenant(long tenantID); 
    }

The im plem entation for the TenantManager class is as follow s:

    public class TenantManager : BusinessManager , ITenantManager 
    { 
        IRepository _repository; 
        ILogger<TenantManager> _logger; 
        IUnitOfWork _unitOfWork; 
        IServiceRequestManager _serviceRequestManager; 

        public IUnitOfWork UnitOfWork 
        { 
            get 
            { 
                return _unitOfWork; 
            } 
        } 

        public TenantManager(IRepository repository,
        ILogger<TenantManager> logger,  IUnitOfWork unitOfWork, 
        IServiceRequestManager serviceRequestManager) : base() 
        { 
            _repository = repository; 
            _logger = logger; 
            _unitOfWork = unitOfWork; 
            _serviceRequestManager = serviceRequestManager; 
        } 

        public virtual Tenant GetTenant(long tenantID) 
        { 
            try  
            { 
                _logger.LogInformation(LoggingEvents.GET_ITEM, 
                "The tenant Id is " + tenantID); 
                return _repository.All<Tenant>().Where(i => i.ID ==
                tenantID).FirstOrDefault(); 
            }catch(Exception ex) 
            { 
                throw ex; 
            } 

        } 

        public void Create(BaseEntity entity) 
        { 
            Tenant tenant= (Tenant)entity; 
            _logger.LogInformation("Creating record for {0}",
             this.GetType()); 
            _repository.Create<Tenant>(tenant); 
            SaveChanges(); 
            _logger.LogInformation("Record saved for {0}",
            this.GetType()); 
        } 

        public void Update(BaseEntity entity) 
        { 
            Tenant tenant = (Tenant)entity; 
            _logger.LogInformation("Updating record for {0}",
              this.GetType()); 
             _repository.Update<Tenant>(tenant); 
            SaveChanges(); 
            _logger.LogInformation("Record saved for {0}",
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              this.GetType()); 
        } 

        public void Delete(BaseEntity entity) 
        { 
            Tenant tenant = (Tenant)entity; 
            _logger.LogInformation("Updating record for {0}",
             this.GetType()); 
            _repository.Delete<Tenant>(tenant); 
            SaveChanges(); 
            _logger.LogInformation("Record deleted for {0}",
            this.GetType()); 
        } 

        IEnumerable<BaseEntity> IActionManager.GetAll() 
        { 
            return _repository.All<Tenant>().ToList<Tenant>(); 
        } 

        public void SaveChanges() 
        { 
            _unitOfWork.SaveChanges(); 
        } 

    }

SaveChanges() actually uses the UnitOfWork instance and this w ill be called either by the
service controller (part of our W eb A PI project) or from  the m anager itself. It
depends on the requirem ent and is open for the developer to use it as per need.
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L ogging in .N E T C ore
Logging is a built-in m odule in .N ET Core. Logging can sim ply be enabled by
requesting the ILoggerFactory or ILogger<T> through dependency injection. W hen using
ILoggerFactory, the category nam e has to be defined, w hereas, w ith ILogger<T>, the class
type nam e w ill be used as the category nam e.

The default provider is AddConsole, w hich logs the m essage on the console application.
H ow ever, new  providers can also be im plem ented and added by calling the
AddProvider m ethod of ILoggerFactory.

This screenshot show s the final structure of the business layer:
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C reating the service layer
Service layer is the m iddle layer betw een the presentation and business layers. It
abstracts the actual logic im plem ented on the business layer from  the presentation
layer and exposes services that can be consum ed by the presentation layer. This layer
should be secure enough to allow  only authorized access to the resources.

W e w ill develop the service layer using the A SP.N ET Core W eb application and use
W eb A PI to expose services. This layer w ill reference the business and com m on
layers defined previously.

Let's create a new  A SP.N ET C ore W eb A pplication (.N ET Core) project and nam e it
EA.TMS.ServiceApp:
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C reating base controller
W e w ill define our ow n BaseController to define the ActionManager and Logger instances,
w hich can be used by the A ction filters (w e w ill discuss these later in this chapter).
The benefit of this approach is that you can put com m on m ethods and properties in
BaseController and derive W eb A PI controller from  it. This is the code of  BaseController:

    public class BaseController : Controller 
    { 
        private IActionManager _manager; 
        private ILogger _logger; 
        public BaseController(IActionManager manager, ILogger logger) 
        { 
            _manager = manager; 
            _logger = logger; 
        } 
        public IActionManager ActionManager { get { return _manager; }
     } 
        public ILogger Logger { get { return _logger; } } 
        public HttpResponseException LogException(Exception ex) 
        { 
            string errorMessage = 
              LoggerHelper.GetExceptionDetails(ex); 
            _logger.LogError(LoggingEvents.SERVICE_ERROR, ex,
              errorMessage); 
            HttpResponseMessage message = new HttpResponseMessage(); 
            message.Content = new StringContent(errorMessage); 
            message.StatusCode = 
              System.Net.HttpStatusCode.ExpectationFailed; 
            throw new HttpResponseException(message); 
        } 
    }
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A dding C ustom  A ction Filters
In A SP.N ET Core, filters allow  the running of code before or after the execution of a
particular resource in the pipeline. It can be configured on m ethod, controller, or
globally. They run w ithin the M V C A ction Invocation pipeline know n as Filter
pipeline w hen a particular action is selected by M VC based on the routing:

A SP.N ET Core provides various filters, such as A uthorization filters to decide
w hether the user accessing the resource is authorized or not. Resource filters are
used to filter incom ing requests in the pipeline and are m ostly used for caching.
Exception filters are used to apply policies that run globally to handle unhandled
exceptions. A ction filters help w rap calls to individual action m ethods and Result
filters to w rap the execution of independent action results.

A n A ction filter is an attribute that can be applied on controller and action m ethod
levels.

In this chapter, w e w ill develop these tw o action filters:

LoggingActionFilter

TransactionActionFilter

Logging A ction Filter

W e w ill create a custom  LoggingActionFilter filter to log an exception w hen any m ethod
is executed. This w ay, w e can log the inform ation for every controller w hich has this
attribute annotated:

    public class LoggingActionFilter : ActionFilterAttribute 
    { 
        public override void OnActionExecuting(
          ActionExecutingContext context) 
        {            
            Log("OnActionExecuting", context.RouteData,
              context.Controller); 
        } 
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        public override void OnActionExecuted(
          ActionExecutedContext context) 
        { 
            Log("OnActionExecuted", context.RouteData,
              context.Controller); 
        } 

        public override void OnResultExecuted(
          ResultExecutedContext context) 
        { 
            Log("OnResultExecuted", context.RouteData,
              context.Controller); 
        } 

        public override void OnResultExecuting(
          ResultExecutingContext context) 
        { 
            Log("OnResultExecuting", context.RouteData,
              context.Controller); 
        } 

        private void Log(string methodName, RouteData routeData,
        Object controller) 
        { 
            var controllerName = routeData.Values["controller"]; 
            var actionName = routeData.Values["action"]; 
            var message = String.Format("{0} controller:{1}
            action:{2}", methodName, controllerName, actionName); 
            BaseController baseController = 
              ((BaseController)controller); 
            baseController.Logger.LogInformation(
              LoggingEvents.ACCESS_METHOD, message); 
        } 
    }

In the preceding code, the Log m ethod is the helper m ethod, w hich takes the m ethod
nam e, RouteData and Controller, and logs the inform ation in the Logger instance injected
through D I.

Transaction A ction Filter

To handle transactions, w e w ill develop a custom  TransactionActionFilter, w hich can be
used to begin and end transactions and to com m it or rollback in case any error occur.

H ere is the code for TransactionActionFilter:

    public class TransactionActionFilter : ActionFilterAttribute 
    { 
        IDbContextTransaction transaction; 
        public override void OnActionExecuting(
          ActionExecutingContext context) 
        {
         ((BaseController)context.Controller).ActionManager
           .UnitOfWork.BeginTransaction();            
        } 

        public override void OnActionExecuted(
          ActionExecutedContext context) 
        { 
            if (context.Exception != null) 
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            { 
              ((BaseController)context.Controller).ActionManager
                .UnitOfWork.RollbackTransaction(); 
            } 
            else 
            { 
                ((BaseController)context.Controller).ActionManager
                  .UnitOfWork.CommitTransaction(); 
            } 
        } 
    }
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A dd controllers
N ext, w e w ill add a controller, w hich w ill derive from  our custom  BaseController
class.

The follow ing is the code of ServiceRequestController, w hich contains an H TTP POST
m ethod to save the service requests of the tenant:

    [LoggingActionFilter] 
    [Route("api/[controller]")] 
    public class ServiceRequestController : BaseController 
    { 

        IServiceRequestManager _manager; 
        ILogger<ServiceRequestController> _logger; 

        public ServiceRequestController(IServiceRequestManager
        manager, ILogger<ServiceRequestController> logger) :
          base(manager, logger) 
        { 
            _manager = manager; 
            _logger = logger; 
        } 
        [HttpGet] 
        public IEnumerable<TenantServiceRequest> GetTenantsRequests() 
        { 
            return _manager.GetAllTenantServiceRequests(); 
        } 

        [TransactionActionFilter()] 
        [HttpPost] 
        public void Post(ServiceRequest serviceRequest) 
        { 
            try 
            { 
                _manager.Create(serviceRequest); 
            } 
            catch (Exception ex) 
            { 
                throw LogException(ex); 
            } 

        } 
    }

G iven next is our Startup class, w hich registers all the dependencies in the
ConfigureServices m ethod:

    public void ConfigureServices(IServiceCollection services) 
    { 

        services.AddScoped<IUnitOfWork, UnitOfWork>(); 
        services.AddScoped<IDbFactory, DbFactory>(); 
        services.AddScoped<DataContext>();        
        services.AddScoped<IRepository, Repository>(); 
        services.AddScoped<IServiceRequestManager,
          ServiceRequestManager>(); 
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        services.AddScoped<ITenantManager, TenantManager>(); 
        services.AddScoped<BusinessManagerFactory>(); 
        // Add framework services. 
        services.AddMvc(); 

    }

A nd here is the Configure m ethod:

    public void Configure(IApplicationBuilder app,
      IHostingEnvironment env, ILoggerFactory loggerFactory) 
      { 
        loggerFactory.AddConsole(LogLevel.Information); 
        loggerFactory.AddDebug(); 

        app.UseMvc(); 

      }
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C reating the presentation layer
The presentation layer is the frontend of any application. It contains view s, view
m odels, tag helpers, and static files, like im ages, CSS, and JavaScript. W ith the
recent changes in w eb developm ent and client side fram ew orks, com panies are now
choosing SPA (Single Page A pplications) for w eb frontend. SPA  applications are
m ore responsive in nature and provide better user experience in term s of response
tim e and perform ance.
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Single Page A pplications
The SPA s are w eb applications that have a single w eb page and all view s render
inside it dynam ically w hen the user interacts w ith the application. SPA s use A JA X  to
call backend data through services and m ost of the w ork is done on the client side:
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B enefits of a SPA
Follow ing are few  benefits of SPA s:

SPA s are responsive in nature, as m ost of the resources, including C SS,
JavaScript, and Im ages, are only loaded once throughout the application lifespan
A SPA  reduces the size of response by m aking A JA X  requests to the server and
receives a JSO N  response
SPA s m ake it easy to scale and cache resources
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D eveloping the presentation layer using
A SP.N E T C ore and A ngular
In this chapter, w e w ill use A SP.N ET Core and A ngular on the presentation layer. W e
w ill use A SP.N ET Core M V C (M odel View  Controller) to define view s and load
them  through the routing m odule dynam ically into the m ain single page container.

There are m any benefits of using A SP.N ET M VC view  w ith A ngular routing. Som e of
them  are as follow s:

W e can use ViewBag to define additional properties at runtim e
It provides a secure A ction m ethod through AuthorizeAttribute
W e can im plem ent logging using custom  A ction filters or by injecting ILogger<T>
at the controller level

To start w ith, open Visual Studio 2015 and select the A SP.N ET Core W eb
A pplication (.N ET C ore) project tem plate to create a new  project and nam e it
EA.TMS.WebApp:

W hen you build your project, it w ill start restoring the packages.
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Setting up frontend packages
To develop the frontend w ith A ngular, w e need som e tools, such as TypeScript, G ulp,
and N PM  (N ode Package M anager). A ngular code can be w ritten using TypeScript,
JavaScript, and D art. There are certain benefits of using TypeScript, for exam ple, it
show s errors at com pile tim e, and provides static types. Secondly, it follow s the ES6
(C M A Script6) standard, w hich helps to define classes, interfaces, and inheritance,
and allow s architects to design the frontend follow ing O O PS principles.

The A SP.N ET C ore architecture is different than w hat w e have seen in the previous
versions. A ll the static files should reside in the wwwroot folder. K eeping any static file
outside wwwroot w ill m ake it inaccessible. W hen w orking w ith TypeScript, w e create
(.ts) files outside the wwwroot folder and w ith a little configuration, it places the files
under a folder in the wwwroot folder. H ow ever, there are certain other files used by the
project, w hich w ill be needed by the frontend pages and w e w ill use G ulp to copy
them  to the wwwroot folder. G ulp is a JavaScript task runner, w hich is used to autom ate
tasks and has com plete support in Visual Studio.

N PM , on the other hand, is the package m anager to m anage node m odules. In
A SP.N ET Core, w e can add a file called package.json and define node m odules. O n
saving, it autom atically dow nloads the dependencies defined in this file from  N ode
and restores them  in the node_modules folder.

Let's add the package.json file and define the follow ing m odules:

    { 
      "name": "angular-quickstart", 
      "version": "1.0.0", 
      "private": true, 
      "scripts": { 
        "typings": "typings", 
        "postinstall": "typings install" 
      }, 
        "dependencies": { 
          "@angular/common": "~2.2.0", 
          "@angular/compiler": "~2.2.0", 
          "@angular/core": "~2.2.0", 
          "@angular/forms": "~2.2.0", 
          "@angular/http": "~2.2.0", 
          "@angular/platform-browser": "~2.2.0", 
          "@angular/platform-browser-dynamic": "~2.2.0", 
          "@angular/router": "~3.2.0", 
          "@angular/upgrade": "~2.2.0", 
          "angular-in-memory-web-api": "~0.1.15", 
          "core-js": "^2.4.1", 
          "reflect-metadata": "^0.1.8", 
          "rxjs": "5.0.0-beta.12", 
          "systemjs": "0.19.39", 
          "zone.js": "^0.6.25" 
        }, 
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        "devDependencies": { 
        "typings": "2.0.0" 
        } 
    }

A ll the @angular packages are angular dependencies, w here typings is a developm ent
dependency, w hich facilitates by providing intellisense w hen w e w rite TypeScript
code.

N ext, w e w ill add the Typing.json file and add the follow ing global dependency:

    { 
      "globalDependencies": { 
        "core-js": "registry:dt/core-js#0.0.0+20160602141332" 
      } 
    }

W e w ill create all the TypeScript files under the app folder at the root of the project.
B ut before creating TypeScript files, let's add the TypeScript configuration file
know n as tsconfig.json and add the follow ing JSO N :

    { 
      "compilerOptions": { 
        "target": "es5", 
        "module": "commonjs", 
        "moduleResolution": "node", 
        "sourceMap": true, 
        "emitDecoratorMetadata": true, 
        "experimentalDecorators": true, 
        "removeComments": false, 
        "noImplicitAny": false, 
        "rootDir": "app", 
        "outDir": "wwwroot/app" 
      }, 
      "compileOnSave": true, 
      "exclude": [ 
        "node_modules" 
      ] 
    }

Som e of the im portant attributes have been listed in the follow ing table:

A ttribute M eaning

target

root

EC M A Script standard to w hich the TypeScript file w ill be transpiled.

TypeScripts folder (in our case, the app folder) w here our TypeScript
file resides.

outDir The O utput directory w here the generated JavaScript files w ill reside

sourceMap

G ood for debugging purpose. Setting this to true generates a m apping
file know n as *.js.map, w hich contains m apping inform ation betw een

www.EBooksWorld.ir



TypeScript and the generated JavaScript file.

Finally, w e w ill add the Gulp.js file and add the follow ing script to copy the
necessary packages to the lib folder in wwwroot:

    var gulp = require('gulp'); 

    var libs = './wwwroot/lib/'; 

    gulp.task('restore:core-js', function () { 
      gulp.src([ 
        'node_modules/core-js/client/*.js' 
      ]).pipe(gulp.dest(libs + 'core-js')); 
    }); 
    gulp.task('restore:zone.js', function () { 
      gulp.src([ 
        'node_modules/zone.js/dist/*.js' 
      ]).pipe(gulp.dest(libs + 'zone.js')); 
    }); 
    gulp.task('restore:reflect-metadata', function () { 
      gulp.src([ 
        'node_modules/reflect-metadata/reflect.js' 
      ]).pipe(gulp.dest(libs + 'reflect-metadata')); 
    }); 
    gulp.task('restore:systemjs', function () { 
      gulp.src([ 
        'node_modules/systemjs/dist/*.js' 
      ]).pipe(gulp.dest(libs + 'systemjs')); 
    }); 
    gulp.task('restore:rxjs', function () { 
      gulp.src([ 
        'node_modules/rxjs/**/*.js' 
      ]).pipe(gulp.dest(libs + 'rxjs')); 
    }); 
    gulp.task('restore:angular-in-memory-web-api', function () { 
      gulp.src([ 
        'node_modules/angular-in-memory-web-api/**/*.js' 
      ]).pipe(gulp.dest(libs + 'angular-in-memory-web-api')); 
    }); 

    gulp.task('restore:angular', function () { 
      gulp.src([ 
        'node_modules/@angular/**/*.js' 
      ]).pipe(gulp.dest(libs + '@angular')); 
    }); 

    gulp.task('restore:bootstrap', function () { 
      gulp.src([ 
        'node_modules/bootstrap/dist/**/*.*' 
      ]).pipe(gulp.dest(libs + 'bootstrap')); 
    }); 

    gulp.task('restore', [ 
      'restore:core-js', 
      'restore:zone.js', 
      'restore:reflect-metadata', 
      'restore:systemjs', 
      'restore:rxjs', 
      'restore:angular-in-memory-web-api', 
      'restore:angular', 
      'restore:bootstrap' 
    ]);

www.EBooksWorld.ir



www.EBooksWorld.ir



C onfiguring the A SP.N E T C ore
pipeline
So far, w e have configured our client-side packages. In A SP.N ET Core, w e can add
static files, security and M VC m iddlew are. To im plem ent security in an A SP.N ET
Core project, please refer to C hapter 10, Security Practices with .NET Core.

W hen developing an SPA application, w e use the client-side fram ew ork heavily for
routing  m odules and tem plate rendering. M any client-side fram ew orks, such as
A ngular, provide their ow n routing m odules to render pages in the m ain parent
container. To enable those routing, w e need to add the follow ing spa-fallback entry
follow ed by our M VC entry as show n next:

    app.UseMvc(routes => 
      { 
        routes.MapRoute("default", "{controller=Home}/
        {action=Index}/{id?}"); 
        routes.MapRoute("spa-fallback", "{*anything}",
          new { controller = "Home", action = "Index" }); 
      });

M oreover, static files m iddlew are should be added so all the static files, such as
im ages, JavaScript, and CSS, can be loaded:

    app.UseStaticFiles();

Static files m iddleware should be added before the M VC  m iddleware
in the pipeline.
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A dding the A ngular com ponents
In this section, w e w ill create custom  com ponents using TypeScript and create a root
app folder inside our W eb A pp project.

Under app folder, w e w ill create another folder know n as shared and this is w here w e
w ill create som e com m on com ponents w hich w ill be used throughout the application:

C reating a M essage com ponent

This com ponent w ill be used to show  m essages on the screen w hen the user perform s
any action. These m essages w ill be success, error or w arning m essages displayed in
the brow ser.

First, w e create MessageModel, w hich takes the type and msg param eters in a
param eterized constructor and can be passed to MessageService to push m essages in an
array.

Create a file, message.service.ts, in the app > shared > message folder, and place the
follow ing code:

    export class MessageModel { 

      type: string; 
      msg: string; 

      constructor(type: string, message: string) { 
        if (type == 'E') 
            type = 'danger'; 
        else if (type == 'S') 
            type = 'success'; 

        this.type = type; 
        this.msg = message; 
      } 
    }

C reating H TTP client com ponent

This com ponent is a w rapper of the A ngular http m odule and can be used to send
RESTful m essages to our service layer.

A dd http-client.service.ts under the app > shared > httpclient folder, and add the
follow ing code:

    import {Injectable, Inject} from '@angular/core'; 
    import {Http, Headers, RequestOptions, Response} from 
      '@angular/http'; 
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    import { Observable }     from 'rxjs/Observable'; 
    import { APP_CONFIG, AppConfig }    from '../../app.config'; 

    @Injectable() 
    export class HttpClient { 
        options; 
        headers; 
        apiEndpoint: string; 

        constructor(private http: Http, 
            @Inject(APP_CONFIG) config: AppConfig) { 
            this.apiEndpoint = config.apiEndpoint; 
        }    
        get(url) { 
           this.headers = new Headers({ 'Content-Type':
             'application/json' 
           }); 

            this.options = new RequestOptions({ headers: 
              this.headers });      
            return this.http.get(this.apiEndpoint + url); 
        } 

        post(url, data) { 
            this.headers = new Headers({ 'Content-Type':
              'application/json' }); 
            this.options = new RequestOptions({ headers:
              this.headers }); 
            let options = new RequestOptions({ headers:
              this.headers, }); 
            return this.http.post(this.apiEndpoint + url,
              data, options); 
         } 
    }

A dding service request V iew  M odel

N ext, w e w ill add our View  M odel, to w hich the form  controls w ill bind. A dd the
data-models.interface.ts file in app > shared > models, and add the follow ing code:

    export class ServiceRequest { 
      id: number; 
      tenantID: number; 
      description: string; 
      employeeComments: string; 
      statusId: number; 
    }

W e can add as m any m odels as required under this file.

A dding a shared m odule

In A ngular, you can define m odules; this helps to keep com ponents, providers, and
other resources under one m odule. W e can refer other m odules using im ports, as
show n next, and export com ponents, using the exports key. H ere, w e create a shared
m odule to keep our MessageComponent and our custom  H TTP client service in one place
and then w e refer this m odule in other m odules to leverage these features:
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    import { NgModule }       from '@angular/core'; 
    import { CommonModule }   from '@angular/common'; 
    import { MessageComponent } from './message/message.component'; 
    import { HttpClient } from './httpclient/http-client.service'; 
    import { MessageService } from './message/message.service'; 
    import { Http, HttpModule } from '@angular/http'; 

    @NgModule({ 
      imports: [ 
        CommonModule, 
        HttpModule 
      ], 
      exports: [ 
        MessageComponent 
      ], 
      declarations: [ 
        MessageComponent 
      ], 
      providers: [ 
        MessageService, 
        HttpClient 
      ] 
    }) 

    export class SharedModule { 
    }

A dding configuration settings

In our application, w e w ill be m aking R ESTful calls to our service layer and
specifying the base service UR L, authentication server (C A S) U R L, or other
attributes, in one place. So, let's add the app.config.ts file in the app folder and specify
the follow ing code:

    import { OpaqueToken } from '@angular/core'; 

    export let APP_CONFIG = new OpaqueToken('app.config'); 

    export interface AppConfig { 
      apiEndpoint: string; 
      title: string; 
      casEndPoint: string; 
      appEndPoint: string; 
    } 

    export const TMS_DI_CONFIG: AppConfig = { 
      apiEndpoint: 'http://localhost:5001/api/', 
      title: 'TMS System', 
      casEndPoint: 'http://localhost:5001', 
      appEndPoint: 'http://localhost:5050' 
    };

A dding A pplication m odule

This is our m ain A pplication m odule, w hich contains the ServiceRequest com ponent. W e
can create dom ain-specific m odules depending on the application size. H ere, w e also
refer the SharedModule, w hich w e created earlier, so that w e can access our custom
H TTP client service and MessageComponent:
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    import { NgModule }      from '@angular/core'; 
    import { BrowserModule } from '@angular/platform-browser'; 
    import { APP_BASE_HREF } from '@angular/common'; 
    import { AppComponent }   from './app.component'; 
    import {MenuComponent} from './menu.component'; 
    import { routing } from './app.routes'; 
    import { ServiceRequestComponent } from './components/
     tenant/service-request.component'; 
    import { SharedModule } from './shared/shared.module'; 
    import { APP_CONFIG, TMS_DI_CONFIG } from './app.config'; 
    import {FormsModule} from '@angular/forms'; 
    import {ServiceRequestService} from './components/tenant/
      service-request.service'; 

    @NgModule({ 
      imports: [ 
        BrowserModule, 
        routing, 
        SharedModule, 
        FormsModule 
      ], 
      declarations: [ 
        AppComponent, 
        ServiceRequestComponent, 
        MenuComponent 
      ], 
      bootstrap: [AppComponent], 
        providers: [ 
          { provide: APP_BASE_HREF, useValue: '/' }, 
          { provide: APP_CONFIG, useValue: TMS_DI_CONFIG }, 
          ServiceRequestService 
      ] 
    }) 
    export class AppModule { }

C onfiguring A ngular R outes

To configure routing, w e w ill create app.routes.ts under the app folder and add the
follow ing code:

    import { ModuleWithProviders }  from '@angular/core'; 
    import { Routes, RouterModule } from '@angular/router'; 
    import { ServiceRequestComponent } from './components/
    tenant/service-request.component' 
    import { MenuComponent } from './menu.component' 

    //Routes Configuration 
    export const routes: Routes = [ 
      { path: 'createServiceRequest', component:
        ServiceRequestComponent }, 
      { path: 'menu', component: MenuComponent }, 
      { 
        path: '', 
        redirectTo: '/menu', 
        pathMatch: 'full' 
      }, 
    ]; 

    export const routing: ModuleWithProviders = 
      RouterModule.forRoot(routes);

A dding A pp com ponent
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A pp com ponent is the m ain com ponent, w hich hooks up w ith the m ain A ngular app.
H ere, tenant-mgmt is the m ain selector, w hich loads the Feature/Index page. This selector
w ill be added in the H om e/Index page.

    import { Component } from '@angular/core'; 

    @Component({ 
      selector: 'tenant-mgmt', 
      templateUrl: 'Feature/Index' 
    }) 
    export class AppComponent { 
    }

A dding M enu com ponent

To load m enus, w e have to create a separate file, menu.component.ts, in the app folder and
load the Feature/Menu, page as follow s:

    import { Component, AfterViewInit } from '@angular/core'; 
    import { Router } from '@angular/router'; 
    @Component({ 
      selector: 'menu', 
        templateUrl: 'Feature/Menu' 
    }) 
    export class MenuComponent { 

    }

A dding M ain m odule

The Main.ts bootstraps the M ain A pplication m odule; the code is given as follow s:

    import { platformBrowserDynamic } from 
      '@angular/platform-browser-dynamic'; 
    import { AppModule } from './app.module'; 
    const platform = platformBrowserDynamic(); 
    platform.bootstrapModule(AppModule);

A dding dom ain-specific com ponents

For each business dom ain, w e w ill create a service class and a com ponent class. The
service class w ill be responsible for m aking all the H TTP calls to the service layer,
w hereas the com ponent class w ill be responsible for m odel binding and using the
service class to subm it or receive data.

H ere is the im plem entation of the service class as discussed:

    import 'rxjs/add/operator/map'; 
    import 'rxjs/add/operator/catch'; 
    import { Injectable, Inject }     from '@angular/core'; 
    import { Observable }     from 'rxjs/Observable'; 
    import { HttpClient } from  '../../shared/httpclient/
      http-client.service'; 
    import {Response} from '@angular/http'; 
    import { ServiceRequest } from '../../shared/models/
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      data-models.interface'; 

    @Injectable() 
    export class ServiceRequestService { 

      constructor(private httpClient: HttpClient) { } 

      getServiceRequest(id: any): Observable<ServiceRequest> { 
        return this.httpClient.get('serviceRequest?id=' + id) 
            .map(this.extractData)  
            .catch(this.handleError); 
      } 

      getAllServiceRequests(): Observable<ServiceRequest[]> { 
        return this.httpClient.get('serviceRequest') 
            .map(this.extractData) 
            .catch(this.handleError); 
      } 

      postServiceRequest(serviceRequest: any):
        Observable<ServiceRequest> { 
        let body = JSON.stringify(ServiceRequest); 
        return this.httpClient.post('serviceRequest/post',  body) 
            .map(this.extractData) 
            .catch(this.handleError); 
      } 

      private extractData(res: Response) { 
        let body = res.json(); 
        return body || {}; 
      } 
      private handleError(error: any) { 
        let errMsg = (error.message) ? error.message : 
            error.status ? &grave;${error.status} - 
            ${error.statusText}&grave; :'Server error'; 
        console.error(errMsg); // log to console instead 
        return Observable.throw(errMsg); 
      } 

    }

Follow ing is the im plem entation of the ServiceRequest com ponent, w hich calls the
service class as discussed earlier:

    import { Component } from '@angular/core'; 
    import { ServiceRequest } from '../../shared/models/
      data-models.interface';  
    import { MessageService, MessageModel } from '../../shared/
      message/message.service';  
    import { ServiceRequestService } from './service-request.service'; 

    @Component 
    ({ 
      selector: 'createServiceRequest', 
      templateUrl: 'Tenant/Create' 
    }) 

    export class ServiceRequestComponent { 

      serviceRequest: ServiceRequest; 
      disable = false; 
      serviceRequestService: ServiceRequestService; 
      message: MessageService; 
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      constructor(messageService: MessageService, 
        serviceRequestService: ServiceRequestService 
      ) { 
          this.message = messageService; 
          this.serviceRequestService = serviceRequestService; 
          messageService.clearMessages(); 
          this.serviceRequest = new ServiceRequest(); 
        } 

        onSubmit() { 
          this.serviceRequestService.postServiceRequest(
            this.serviceRequest) 
            .subscribe(() => { 
              serviceReq  => 
                this.message.pushMessage(new MessageModel('success',
                'Service Request Submitted Successfully')); 
            }, 
            error => { 
                 this.message.pushMessage(new MessageModel(
                   'danger', 'Failed to submit ' + error)); 
            }); 
        } 
    }

A dding System JS config file to Bootstrap A ngular

W e w ill now  add a custom  systemjs.config.js file in the wwwroot/app folder, w hich tells
our System  loader to load the Main.js file (generated from  Main.ts):

    (function (global) { 
      System.config({ 
        paths: { 
            // paths serve as alias 
            'npm:': './lib/' 
        }, 
        // map tells the System loader where to look for things 
        map: { 
            // our app is within the app folder 
            app: 'app', 
            // angular bundles 
            '@angular/core': 'npm:@angular/core/bundles/core.umd.js', 
            '@angular/common': 'npm:@angular/common/bundles
             /common.umd.js', 
            '@angular/compiler': 'npm:@angular/compiler/bundles
               /compiler.umd.js', 
            '@angular/platform-browser': 'npm:@angular/
              platform-browser/bundles/platform-browser.umd.js', 
            '@angular/platform-browser-dynamic': 'npm:@angular/
              platform-browser-dynamic/bundles/
              platform-browser-dynamic.umd.js', 
            '@angular/http': 'npm:@angular/http/bundles/http.umd.js', 
            '@angular/router': 'npm:@angular/router/bundles
               /router.umd.js', 
            '@angular/router/upgrade': 'npm:@angular/router/
             bundles/router-upgrade.umd.js', 
            '@angular/forms': 'npm:@angular/forms/bundles
               /forms.umd.js', 
            '@angular/upgrade': 'npm:@angular/upgrade/
              bundles/upgrade.umd.js', 
            '@angular/upgrade/static': 'npm:@angular/upgrade/
            bundles/upgrade-static.umd.js', 
            // other libraries 
            'rxjs': 'npm:rxjs', 
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            'angular-in-memory-web-api': 'npm:angular-in-memory-
               web-api/bundles/in-memory-web-api.umd.js' 
        }, 
        // packages tells the System loader how to load when no 
        filename and/or no extension 
        packages: { 
            app: { 
                main: './main.js', 
                defaultExtension: 'js' 
            }, 
            rxjs: { 
                defaultExtension: 'js' 
            } 
        } 
      }); 
    })(this);

N ext, w e create another importer.js file under the wwwroot/app folder and call
System.import to load our M ain m odule.

    System.import('app/main').catch(function (err) { 
        console.error(err); 
    });

Lastly, w e w ill just add the follow ing script references in our _Layout.cshtml file
residing in the Views/Shared folder:

     <script src="~/lib/core-js/shim.min.js"></script> 
     <script src="~/lib/zone.js/zone.js"></script> 
     <script src="~/lib/reflect-metadata/Reflect.js"></script> 
     <script src="~/lib/systemjs/system.src.js"></script> 
     <script src="~/lib/rxjs/bundles/Rx.js"></script> 
     <script src="~/app/systemjs.config.js"></script> 
     <script src="~/app/importer.js"></script>

So, w hen our application starts, our Layout page loads the systemjs.config.js and
importer.js. This importer.js loads the Main.js file and bootstraps our m ain AppModule,
w hich w e created earlier. This AppModule bootstraps our AppComponent, w hich is our m ain
application com ponent and displays the Feature/Index page, w here the tenant-mgmt
selector is defined.
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C reating M V C  C ontrollers and V iew s
So far, w e have configured A ngular and developed few  com ponents that are shared
and related to the service request. W e w ill have three controllers to show  the hom e
page, user features, and service request.

A dd the M VC HomeController in the Controllers folder and add a default Index action
m ethod, as follow s:

    public class HomeController : Controller 
    { 
        // GET: /<controller>/ 
        public IActionResult Index() 
        { 
            return View(); 
        } 
    }

In our Startup class, our default routing w ill be set to the hom e controller. Therefore,
this is the m ain landing page for displaying single-page tem plates.

Then, in the Index.cshtml page, w e w ill add our tenant-mgmt selector, as show n next:

    <tenant-mgmt><img src="~/images/loading.gif" /></tenant-mgmt>

This selector w ill render our Feature/Index partial view , w hich w e w ill define next.

A dd a FeatureController under the Controllers folder and add follow ing action m ethods:

    public class FeatureController : Controller 
    { 
        public IActionResult Index() 
        { 
            return PartialView(); 
        } 

        public IActionResult Menu() 
        { 
            return PartialView(); 
        } 

    }

The follow ing is index view  snippet of the FeatureController contains the message
selector and router-outlet to render the tem plate:

    <div class="row"> 
      <div style="padding:10px 0px 0px 30px" > 
        <messages></messages> 
        <router-outlet></router-outlet> 
      </div> 
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    </div>

H ere is the M enu view  of FeatureController, w hich show s tiles w hen the hom e page is
accessed:

    <div class="row"> 
      <div class="col-md-7 col-sm-10 center-block floatnone"> 
        <div class="col-sm-3 categoryBox"> 
            <a [routerLink]="['/createServiceRequest']" 
              class="CreateServiceRequest"> 
                <span class="icon"> 
                    <i class='fa fa-CreateServiceRequest'></i> 
                </span> 
                <span class="name">Create ServiceRequest</span> 
            </a> 
        </div> 
        <div class="col-sm-3 categoryBox"> 
            <a href='#' class="ViewServiceRequest"> 
                <span class="icon"> 
                    <i class='fa fa-ViewServiceRequest'></i> 
                </span> 
                <span class="name">View ServiceRequests</span> 
            </a> 
        </div> 
        <div class="col-sm-3 categoryBox"> 
            <a href='#' class="AssignWorker"> 
                <span class="icon"> 
                    <i class='fa fa-AssignWorker'></i> 
                </span> 
                <span class="name">Assign Worker</span> 
            </a> 
        </div> 
        <div class="col-sm-3 categoryBox"> 
            <a href='#' class="WorkersManagement"> 
                <span class="icon"> 
                    <i class='fa fa-WorkersManagement'></i> 
                </span> 
                <span class="name">Workers Management</span> 
            </a> 
        </div> 

      </div> 
    </div>

N ext, w e w ill develop a Create ServiceRequest page and add TenantController.

The follow ing is the code of TenantController:

    public class TenantController : Controller 
    { 
        public IActionResult Create() 
        { 
            return PartialView(); 
        } 

    }

C reate .cshtml of TenantController as show n next:

    <div class="row"> 
      <div style="padding:5px 0px 0px 30px" 
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        class="col-lg-12 col-md-12 col-sm-12"> 
          <div class="form-group"> 
            <h3>Enter Service Request:</h3> 
          </div> 
          <form (ngSubmit)="onSubmit(serviceForm)"
            #serviceForm="ngForm"> 
            <div class="form-group"> 
              <label for="name1">Enter Complaint:</label> 
              <textarea rows="8" cols="800" maxlength="200" 
                class="form-control" id="description" 
                name="description" ngModel></textarea> 
                @*<div *ngIf="formErrors.description"
                  class="smallthin"> 
                  {{ formErrors.description }} 
                </div>*@ 
            </div> 
            <div class="form-group"> 
              <button type="submit" style="float:left;" 
                class="btn btn-success" [disabled]="disable">
                <i class="fa fa-check"></i>
                Send Request</button> 
            </div> 
           </form> 
      </div> 
    </div>

W hen w e click on the C reate ServiceRequest tile, the follow ing page w ill be
displayed and w ill show  a sim ple textbox to enter the com plaint:
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Sum m ary
In this chapter, you have learnt som e best practices w hen designing an n-tier
architecture. W e explored som e patterns, such as Repository, U nit of W ork, and
Factory in the data access layer, w hich provide m any advantages for decoupling the
dependencies, and how  to use them  in the business layer for database m anipulation.
W e explored the benefits of keeping entities and other helper classes in the com m on
layer so that they can be used throughout the layers. In the service layer, w e
developed a few  controllers to show  how  the business m anagers can be injected and
how  logging and exception handling can be done. A nd finally, in the presentation
layer, w e configured A ngular and designed a frontend fram ew ork to invoke H TTP
services, display m essages, and view  m odels to carry data. In the next chapter, w e
w ill learn about im plem enting a Service O riented A rchitecture using .N ET Core.

www.EBooksWorld.ir



SO A  Im plem entation w ith .N E T C ore
In this chapter, w e w ill draw  heavily from  the skills and know ledge that w e have
gained in the previous chapters of this book. The m atter in this chapter is dense and
focuses on the architectural perspective, therefore it dem ands good attention. O nce
w e understand the core SO A  architecture principles, then coding SO A services
becom es a piece of cake.

The topics that w ill be covered in this chapter are as follow s:

SO A  definition
SO A  m odeling
SO A  pivotal com ponents
Types of SO A services
Sam ple SO A  im plem entation
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SO A  definition
Shrinking the concepts learned in the first chapter on enterprise architecture, w e can
segm ent them  into four perspectives:

Business perspective
A pplication perspective
Inform ation perspective
Technology/Infrastructure perspective

For this chapter, our core focus is on the application perspective, w here w e'll talk
about im plem entation of Service-O riented A rchitecture (SO A ) into our enterprise
using the .N ET Core as the prim ary softw are technology. By saying this, w e take
heavy presum ptions that our business architectures have been created, our data
m odels are ready, our infrastructure is either already there or com ing into place
based on our enterprise's technology architecture, and now  w e are m oving forw ard to
our agreed-upon application architecture (w hich w e w ill talk about as our SO A
definition and theory) to look for solutions w ith .N ET C ore as a prim ary enabler.
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W hat is SO A ?
SO A is an architectural style that prim arily prom otes service orientation.

Service orientation im plies loosely-coupled system s that are fundam entally focused
on satisfying the business functions. In SO A , you think in term s of services that fulfill
business processes in a self-contained m anner.

It is easier to look at SO A as the solution to interfaces and integration problem s, but
it provides m uch m ore. SO A  is m ore than just an integration fram ew ork. It defines the
vision and approach to enterprise architecture that builds upon softw are services
representing heterogeneous business functions. SO A prom otes an overall approach
by scoping the m ain business landscape, identifying the business units and relevant
stakeholders, then defining or im proving the business processes, and exposing the
interfaces and solutions in term s of reusable, self-contained, interoperable, flexible
softw are services.

SO A also m andates setting up operational cycles for running healthy system s as w ell
as for m aintenance and upgrade cycles. It not only enables the registry and discovery
fram ew ork for services, but also provides the platform  for the governance of
softw are services that ultim ately m onitors, reports, and governs the business
functions for the relevant business units in an enterprise.
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SO A  m odeling
There are a num ber of SO A m odels and fram ew orks that exist in the m arket, but w e
w ill consider those w hich are the m ost referenced ones.
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SO A  R eference M odel
A reference m odel is an abstract fram ew ork to understand and describe the
significant entities and relationships am ong them  for som e environm ents. It is used or
referred to for developm ent of consistent standards or specifications supporting the
environm ent of the enterprise.

The O A SIS SO A R eference M odel (SO A -R M ) is an abstract fram ew ork that
provides the fundam ental concept of SO A to understand the entities and relationships
betw een them , and for the developm ent of SO A  standards w ithin an organization.

In the dictionary, service is defined as An act or a variety of w ork done by one for
another. O A SIS SO A -RM  defines service in this one line: In SO A , services are the
m echanism  by w hich needs and capabilities are brought together.

The follow ing reference m odel defines the principal concepts of SO A :

SO A  principal concepts from  O A SIS SO A -R M

The explanation for each concept is as follow s:

Service: A m echanism  to enable access to one or m ore capabilities
Visibility: A service provider and the service consum er need to see each other
Interaction w ith services: Perform ing actions against a service such as
sending/receiving m essages
R eal w orld effect: The intent and result of interacting w ith a service
Service description: The inform ation required inform ation in order to interact
w ith a service
Policies and contracts: Policies are constraints to use a service, and contracts
are an agreem ent betw een tw o or m ore parties
Execution context: A set of infrastructure elem ents, process entities, policy
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assertions and agreem ents, w hich are identified as a part of service interaction
betw een the service provider and service consum er

The follow ing diagram  is for the O asis SO A -R M  reference m odel describing the
services:

O A SIS SO A  R eference m odel diagram  for service description

O A SIS SO A -R M  is a top-reference point for SO A  concepts, and provides
foundational know ledge for SO A  architecture. It not only provides the SO A
know ledge, but it can also be used to m easure the sanity and validation check for
SO A architectures, fram ew orks, and im plem entations.
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R eference m odel and reference
architecture relationship
The relationship betw een a reference m odel and reference architecture has been
defined very nicely by the O A SIS SO A m odel; therefore, their diagram  is as follow s:

R eference m odel relationship to reference architecture w ork (O A SIS)

From  this preceding diagram , w e can see that reference m odels w ork as the
fundam ental guiding principles for a given dom ain, and are m ore abstract building
blocks of the architecture m odels.
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SO A  R eference A rchitecture
A reference architecture is an architectural design pattern that indicates how  an
abstract set of entities and relationships realizes a predeterm ined set of requirem ents,
fundam ental concepts, and relationships (that is, reference m odel) in the dom ain of
interest.

The purpose of reference architecture is to give a realization, w hich is a high-level
solution artifact, and to architects, a standard m odel from  w hich to architect specific
solutions for their respective business dom ain.

A ccording to TO G A F, and in general, w e have the follow ing reference architecture
continuum  from  abstract to concrete by influencing and refining further. For each of
these categories of architecture, w e have a reference architecture:

R eference architecture continuum

The diagram  m eans that an SO A reference architecture is categorized as a com m on
system s architecture. It's a generalized reference architecture for SO A , independent
of any specific industry and im plem entation.

The follow ing diagram  show s the standard and w idely adopted SO A reference
architecture as provided by The O pen G roup (TO G ). This reference architecture is
focused on solution and application architecture as per the The O pen G roup
A rchitecture Fram ew ork (TO G A F). G enerally, all SO A im plem entations
eventually satisfy the elem ents in this m odel:
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SO A  R eference A rchitecture (TO G )

W e w ill now  see a sim ple description of these high-level layers, as m entioned in the
preceding SO A reference architecture:

O perational System s layer: This contains the operational system  com ponents
of an enterprise. It prim arily includes the infrastructure to support SO A
im plem entation.
Service C om ponents layer: This includes the softw are com ponents, w hich
provide im plem entation for the service.
Services layer: This includes services w ith description, contracts, policies, and
containers w ith service com ponents.
Business Processes layer: It's a collection of the business processes of an
enterprise.
C onsum er Interfaces layer: This includes the softw are com ponents, w hich
enable users to interact and use the services.
Integration layer: This is probably the m ost critical layer for an SO A  platform .
It provides the integration building blocks, including m essaging, m essage
transform ation, m essage hub, event processing, service com position, and
service registry discovery discovery.
Q uality of Service layer: This layer basically m onitors, reports (and m anages)
the quality of service of the SO A  im plem entation, including its errors,
perform ance, reliability, availability, and security.
Inform ation layer: This logically includes data, m eta-data, analysis,
interpretation, and transform ation of data.
G overnance layer: This layer contains the governance rules and regulations,
and their application on the services and operations.
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C om m on reference inform ation
architecture
Inform ation architecture basically show s the inform ation flow  in the SO A
im plem entation environm ent, and the interactions betw een different tiers, system s,
and processes. The follow ing diagram  show s the w idely adopted IBM  SO A
Foundation reference inform ation architecture:

R eference Inform ation A rchitecture (IB M )
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C om m on reference Infrastructure
architecture
The Infrastructure architecture depicts the fundam ental infrastructure services
required to set up, build, deploy, and m aintain the SO A platform  com ponents.

This helps in identifying the existing infrastructure, w hich could be affected by the
SO A im plem entation. It is also useful w hen m aking platform , technology, and vendor
choices for the SO A platform .

The follow ing figure depicts the w idely adopted IB M  SO A Foundation reference
Infrastructure architecture:

R eference Infrastructure A rchitecture (IB M )
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SO A  features and com ponents
H ere, the SO A com ponents that w e w ill discuss are just to give you an idea about the
m eta-technical architecture level concepts. These are not the de-facto standards, but
they provide a strong basis to build your organization's SO A  architecture. Therefore,
w e take a sum m arized look at one of the m ost com m on industry standard architecture.
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Service C om ponent A rchitecture
Service C om ponent A rchitecture (SC A ) is one of the m ost popular standards,
dating from  2005. It defines the architectural com ponents of an SO A platform  in a
technical m anner. It is standardized by the O A SIS, m ainly in collaboration w ith IBM ,
O racle, and TIBC O .

It provides a m odel to com pose applications that follow  the SO A principles:

In a nutshell, SCA  has the follow ing key elem ents:

A ssem bly m odel:
D efines the structure of com posite applications by having series of artifacts
defined by elem ents contained in X M L files

Com posite:
Is a basic artifact, w hich is the unit of deploym ent for SCA
Contains one or m ore com ponents
Eventually, it holds rem otely accessible services

Com ponent:
Contains business functions
Functions are exposed as services, w hich can either be used internally or
by other com ponents m ade available through entry points
W hen a com ponent depends on services provided by other com ponents,
these dependencies are called R eferences

Services:
Rem otely accessible w eb services, prim arily based on X M L

Im plem entations:
These are present in com ponents
They are configurable by the com ponent statically or dynam ically
SCA provides the im plem entation and binding specifications
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Policy Fram ew ork:
Specifies how  to add constraints, security, transactions, Q oS, and
m essaging policies

Enterprise service bus (E SB ):
SCA specifies inclusion and usage of the ESB

Service D ata O bjects (SD O ):
Service D ata O bjects to access the data sources

W ith further sections, w e w ill see the softw are im plem entation perspectives of the
SO A platform  and finally look at som e indicative sam ple code w ith .N ET C ore.

www.EBooksWorld.ir



Service types
Services are the m ost im portant aspect of the SO A . In an SO A platform , you have
m any services, and it is im portant to categorize them  so that it is easy for service
developm ent and service m anagem ent.

By achieving business processes in term s of service, it increases the m odularity,
business understanding, im proved and trackable inform ation flow , and better
organization of the business functionality; it also prom otes reusability by exposing
service interfaces to other services and system s.

The follow ing table describes the categories of services. N ote that it's not required to
categorize your SO A services in this particular w ay, but use this as a guidance in the
right direction:

Service
categories Short description

Interaction
services

Prim arily related to the presentation layer, it supports interaction
betw een applications and users. Usually a part of the M V C
pattern.

Process
services

A lso called com posite services, they provide the com position
logic, especially business flow s. Could be part of the M VC
pattern.

Inform ation
services

Expose the data logic of the enterprise design. Provide access to
the data storage. Could be part of the M V C  pattern as w ell. These
services could be sub-divided, and can have their ow n sub
architecture w ith respect to the enterprise data architecture.

A ccess or
adapter
services

Provide access to legacy data or application. Provide access to a
resource or expose the resources as a service.

M ediation
services

They norm ally bind one service (usually, a producer) to m ore than
one service (data consum ers). They provide routing logic of data
and services, data enrichm ent, and filtering. Som e also call it a
distributor service.

Business
services

Provide encapsulated business functionality to internal and
external consum ers.

Security Enable application and enforcem ent of security attributes to other
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services SO A  services. Provide interactive and non-interactive layers of
services as w ell as hookable services.

R egistry
services

Enable service discovery and service registry as w ell as policies
by providing m anaged access to various SO A artifacts.

Infrastructure
services

Provide m easurem ent and m onitoring of infrastructure ensuring the
integrity of the SO A  operational environm ent.

M anagem ent
services

Provide m etrics, m easurem ents, reporting services regarding other
SO A  services. Include outages, severe error detections and alerts,
enforcing adm inistrative policies tow ards achieving and
m aintaining the service level.

D evelopm ent
services

These are, generally, an entire suite of services related to tooling
like m odeling, developm ent, testing, logging, debugging,
instrum entation, error reporting, and alerting used in an SO A
solution.

Strategy
services

M ostly related to business intelligence services for im proving
business outcom es. A lso m ay include the services that process the
strategies of business to create an im plem entation roadm ap
covering both business and IT.
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Service com position
Service com position is the com bination of existing services to create a new  service,
or to achieve a new er functionality.

Since services are essentially business functions or processes in SO A , it describes
the capabilities of business. SO A enhances the visibility and capabilities of a
business by allow ing them  to create new  functions or capabilities by com bining the
existing ones into a w ell-form ed com position.

There are tw o prim ary styles of service com position on a theoretical level, w hich are
as follow s:
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Service orchestration
A ccording to the dictionary (w w w .m erriam -w ebster.com ), orchestration is defined as The
arrangem ent of a m usical com position for perform ance by an orchestra.
O rchestration is a com position of services in w hich one of the services is a m aster
service, which controls, schedules, and directs all of the other services.

www.EBooksWorld.ir

https://www.merriam-webster.com/


Service choreography
The dictionary (w w w .m erriam -w ebster.com ) defines choreography as follow s:

The art of sym bolically representing dancing
The com position and arrangem ent of dances especially for ballet

Basically, services can be com pared to a set of dancers, and a business process to
choreography, a direction, or a business process. Each dancer, or a group of dancers,
or each service is autonom ous in how  they all carry out the direction.

So, in service choreography, the com posed services interact and cooperate w ith each
other w ithout the presence of a m aster, director, or controller service com posing or
com bining them .

A n easy exam ple of this w ould be the execution of a com bination of cross-
departm ental or cross-organizational services, w here there is no single service
controlling the flow .

In the M icrosoft w orld, w e achieve service orchestration through the W indow s
w orkflow  foundation, and orchestration and choreography through the B izTalk server,
w hich also supports Business Process E xecution Language (B PE L).
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C om m on technology standards
Besides m any other technology standards, these are the m ost com m on ones that are
agreeably associated w ith the SO A  platform :

H ypertext Transfer Protocol (H TTP) H ypertext Transfer Protocol)
X M L Schem a (X SD , D TD , or sim ilar)
X M L (For data representation, transfer, and/or storage)
SO A P (M essaging standard protocol)
W eb Services D escription Language (W SD L)
JSO N  (JavaScript O bject N otation has lately becom e m ore popular than X M L)
X Path, X Q uery, and X SL Transform ation
BPE L (Business Process Execution Language (X M L- based construct for
services orchestration)
U D D I (U niversal D escription, D iscovery, and Integration (U D D I))
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Service discovery
O ne m ay hardcode the URL of a service in the service consum er configurations, or
one can use the dynam ic m echanism  to fetch the UR L at program  execution
(initialization) tim e. This fetching of the actual U RL is part of service discovery.
UD D I is one of the w ays to register services and their URLs, and also to retrieve
them  by their respective consum ers. Service discovery m echanism  can also be
custom -built by an organization in com bination w ith the configuration m anagem ent
system . M ost of the SO A solutions provide service discovery as part of the solution.

This feature of SO A does not necessarily enforce the policy fram ew ork, w hile som e
of the service discovery solutions offer lifecycle m anagem ent as w ell.
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M essage broker
A m essage broker in an enterprise is basically a m essage-oriented m iddlew are,
w hich is used for sending m essages betw een tw o or m ore clients. In a sim ple
m echanism , it's basically an im plem entation support for the producer and consum er
pattern. In general, they provide one-to-one com m unication (point-to-point/queues)
and one-to-m any com m unication (publish-subscribe/topics) as w ell.

M essage broker prom otes loose coupling, and enables asynchronous com m unication
w ithin distributed applications.

Som e im plem entations use TC P as the underlying data transfer protocol, w hile others
also give provisions for UD P, M ulticasts, and hybrids. D ata types for payload that
are com m only available include string, binary, X M L, and JSO N  along w ith the
options to enable com pression.

There are som e brokerless m essaging approaches, but those are not found com m only
in SO A platform s.

Som e of the m essage brokers in the m arket include IBM 's W ebSphere M Q ,
M icrosoft's M SM Q , O racle's Service B us, and TIB C O 's EM S besides m any others.
A s an exam ple, let's look at som e of the highs and low s of M SM Q . N ote that these
points are just for dem onstration, and in no w ay give an exhaustive product
evaluation.

The highs for M SM Q  are as follow s:

Built-in M icrosoft W indow s (infrastructure)
N o need to pay extra if you have a W indow s server license (cost)
A ctive D irectory Integration (security)
Libraries already present w ith .N ET Fram ew ork (not w ith .N ET C ore as of
now )
Transaction support (integrity)

The low s for M SM Q  are as follow s:

N ot so popular in bigger enterprises (popularity here m ight be related to
reliability, and the num ber of use cases supported)
Lim itations on the size of m essage and queue (lim itations for big-sized m essage
flow )
N ot a cross-platform  product
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