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Preface

This book contains various topics for the devel opment of enterprise applications
architecture for diversified applications. Whether it& a layered architecture, service-
oriented architecture, microservices architecture, or a cloud-specific sol ution, you
will learn best practices in devel oping enterprise application architecture with .NET
Core. It aso covers emerging fields, such as DevOps and Big Data, for the broader
perspective.

This book starts with a brief introduction to enterprise architecture (EA) and the key
components in EA practice. It then takes you through the SOLID principles and design
patterns in software devel opment and explains the various aspects of distributed
computing to keep your applications efficient and scalable. These chapters act as a
catal yst to start the practical implementation for the designing and devel opment of
applications using various architectural approaches. Gradually, you will explore
different approaches to implement security in your applications and explore various
authenti cati on model s and authori zati on techniques. Inthe end, you will learn the
concepts of the emerging fields and practices of DevOps, Contai neri zation, Big Data,
Artificial Intelligence, and more.
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W hat this book covers

Chapter 1, Enterprise Architecture Concepts, helps you understand the fundamental
concepts of enterprise architecture and its rel ated business need and benefits. As the
best practice in the industry, enterprise architecture is expected to have the
responsibility to perform the strategic steps in alignment with the business vision. An
enterprise architecture has few strong fundamental blocks, namely, agility, durability,
efficiency, and effectiveness. An enterprise architecture is the discipline of
addressing busi ness needs with peopl e, process, and technol ogy, with the definition
of purpose, intent, and structure of enterprise applications.

Chapter 2, Principles and Patterns, provides an introduction to SOLID principles and
design patterns, but also provides C# .NET Core-based i mpl ementati ons to some of
the famous desi gn patterns, including GoF patterns and Dependency Injection.

chapter 3, Distributed Computing, explains that the reader will get an opportunity to
understand the fundamental s of this computing and applicationin the enterprise
world. It starts from the definition, followed by its core characteristics, such as
concurrency, scalability, transparency, security, and more. Inthe modern world,
distributed computing plays avital role.

Chapter 4, Software Devel opment Life Cycle, covers SDLC, whichisatermused in
systems engi neering, i nformeati on systems, and software engineering as a process.
This tutorial elaborates on various methodol ogies, such as Waterfall, Spiral, Agile,
and so on. At the end of this chapter, you will understand the fundamental concepts of
Enterprise Architecture and its rel ated busi ness needs and benefits. It has started
fromthe traditional Waterfall model and traversed through multi-iteration Spiral
model, trendy Agile model with the specific Scaled Agile Framework (SAFe). On
traversing through various timelines and rel ated methodol ogies, it has been easy to
understand the necessity of the improvement and rel ated adoption.

Chapter 5, Enterprise Practices in Software Devel opment, explains the enterprise
practi ces in the software devel opment life cycle with the popular ALM tools and
techniques. After reading this chapter, the reader will know different ways

to measure the performance of .NET Core applications and see how enterprises can
create their own custom project templates using the .NET CLI tool.

Chapter 6, Layered Approach to Solution Architecture, teaches you afew best
practices that can be used while designing n-tier architecture. We will implement a
few patterns, such as Repository, Unit of Work, and Factory, in the data access | ayer
that decoupl es the dependenci es and uses themin business layer for database
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mani pul ation. We will explore certain benefits of keeping entities and other hel per
classes in the common layer, which can be used throughout the layers and, in the
service layer, we will develop few controllers to show how business managers can
be devel oped and injected. We will aso learn how ogging and exception handling
can be implemented and, finally, in the presentation layer, we will use Angular 2 as a
frontend framework to bring responsive user experience.

chapter 7, SOA I mplementation with .NET Core, talks about taki ng the top-down
approach, taking you from theoretical aspects to i mplementation-rel ated i nformation.
It introduces how to approach a SOA platform from an enterprise architecture
perspective, how to model an architecture in step-by-step approach, and what

el ements to look for and take care of at the time of implementati on of a SOA
architecture.

chapter 8, Cloud-Based Architecture and Integration with .NET Core, teaches you
about cloud computing and using Microsoft Azure as the cloud platform. We will
focus on Azure App Services and see how simply we can devel op and deploy .NET
Core applications on the cloud. Scalability is an essential key, and we will [earn how
easy it isto scale out or scale up our applications running on Azure following with
the techniques to increase performance. Finally, you will learn about | ogging and
monitoring options in Azure and see how we can use Application Insights with web
applications running on the cloud to monitor application performance.

Chapter 9, Microservices Architecture, builds on SOA concepts and architectural
artifacts and utilizes the right informati on from the cloud-based architecture and fits it
to the right level to design the microservices-based architecture. We will designa
high-level architecture using microservices and introduce you to some of the key

el ements from Azure-based offerings in order to design a sample serverless
architecture.

Chapter 10, Security Practices with .NET Core, teaches you about the security
frameworks ASP.NET Core Identity and IdentityServer4 in order to handle easy and
compl ex scenarios, customi ze and extend the existing Identity model using Entity
Framework Core, and use middleware to authenti cate users using Facebook, 2FA,
and OpeniD Connect. Moreover, we will develop abasic Central Authentication
System (CAYS) that provides multiple applications to connect usi ng the same protocol
and implement single sign-on. You will also learn different techniques of securing
Web APl and MVC Controllers and Actions using attributes, or imperatively by
writing custom code and then, finally, we will discuss how we can store application
secrets using user secrets.

chapter 11, Modern Al Offerings by Microsoft, explains the emerging architecture
practices of the industry in a succinct and concise way with .NET Core environmen.
In the software industry, things can change quickly. You will learn DevOps concepts
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as well as the implementati on of a simple microservices-based architecture in depth
using Docker-based contai ners, and depl oy them onto the Azure cloud using the
relevant Azure offerings for the multi-contai ner based i mplementation. The chapter
covers virtual machines and contai nerization, Docker, DevOps, Conti nuous
Integration and Continuous Delivery, sample app based on Docker containers, Big
Data in Microsoft, Business Intelligence (BI), and anintroduction to Artificial
Intelligence (Al).
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What you need for this book

Development Environment: Visual Studio 2015/2017 Community Edition
Execution Environment: .NET Core

OS Environment: Oracle VM Virtual Box with Windows or Linux

Mi crosoft Azure Account
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Who thisbook isfor

This book assumes that the readers are either senior devel opers or software solution
architects who want to design and devel op enterprise applications with .NET Core
as the devel opment framework and quickly get their hands on enterprise architecture,
patterns, SOA, and microservices following the .NET Core in the cloud.

With this book, you will get to know modern architectures and patternsina
summarized formwithin a short period of time.
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Conventions

In this book, we follow the C# coding style as is followed by the .NET Core
commnity here: https:/github.conmvdotnet/corefx/blob/master/D ocumentation/coding-guidelines/coding-style.
md.

In this book, you will find a number of text styles that disti ngui sh between different
kinds of informeation. Here are some exampl es of these styles and an expl anation of
their meaning.

Code words in text, database table names, folder names, filenames, file extensions,
pathnames, dummy URLS, user input, and Twitter handles are shown as follows:
"Logging can be enabled by injecting the i Logger Fact ory iNstance through the conti gure
method of the start up Class, and then using that to add providers.”

A block of codeis set as follows:

usi ng System

nanespace Chapt er 2. SRP. Decor at or

{

public class Student

{
public string Nang;
public string Id;
public DateTi ne DOB;

}
}

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

|yum install -y gcc-c++ nake

New terms and important words are shown in bold. Words that you see on the
screen, for example, in menus or dialog boxes, appear inthe text like this: "Logic
App can be created by sel ecting the Web + Mobile option in the search pane and by
then sel ecting the Logic App option.”

0 W\arnings or important notes appear in a box like this.

9 Tips and tricks appear like this.
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Reader feedback

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

To send us general feedback, simply e-mail t eedback@ackt pub. com and mention the

book's title in the subject of your message.
If there is atopic that you have expertise in and you are interested in either writing or

contributing to abook, see our author guide at www.packtpub.convauithors.
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Customer support

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

You can download the exampl e code files for this book from your account at hitpz/wvww.
packtpub.com. |f you purchased this book el sewhere, you can visit http:/www.packtpub.com/su
pport and register to have the files e-mailed directly to you.

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

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

Click on Code Downloads & Errata.

Enter the name of the book in the Search box.

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

NogokowdE

Once the file is downl oaded, please make sure that you unzip or extract the fol der
using the | atest version of:

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

The code bundle for the book is al so hosted on GitHub at httpsy/github.convPacktPublishing/E
nterprise-A pplication-A rchitecture-with-NET-Core. VWe al SO have other code bundl es from our
rich catal og of books and videos available at https:/github.comvPacktPublishing’. Check them
out!
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Downloading the color images of this
book

We al so provide you with a PDF file that has color images of the
screenshots/diagrams used in this book. The color images will help you better
understand the changes in the output. You can download this file from https/mww. packtpu
b.comy/sites/default/files/downloads/EnterpriseA pplicationArchitecturewithNET Core_Colorl mages. pdf.
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Errata

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

To view the previously submitted errata, go to https//www.packtpub.combooks/content/support

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

Piracy of copyrighted material on the Internet is an ongoing problem across al

media. At Packt, we take the protection of our copyright and licenses very seriously.
If you come across any illegal copies of our works in any formon the Internet, please
provide us with the | ocation address or website name immediately so that we can
pursue a remedy.

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

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

If you have a problem with any aspect of this book, you can contact us
at quest i ons@ackt pub. com, and we will do our best to address the prObl em.
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Enterprise Architecture Concepts

This section starts with the core concepts and frameworks of the industry-wide
adopted Enterprise Architecture (EA). EA isanindustry framework to align the
enterprise with the execution of disruptive and emerging changes. Strategically, it
supports the targeted (or) desired vision and outcomes of the business. By design, EA
s the fundamental block of the business, domain, and technol ogy vision of an
enterprise.

By the end of the chapter, you will understand the fundamental concepts of enterprise
architecture, and its rel ated business needs and benefits.

Inthis chapter, we will cover the foll owing topics:

Understanding the definition of an enterprise architect and their rel ated
stakeholders

Knowing the real need of Enterprise Architecture to attain busi ness benefits
Knowing the clear segregati on between Solution Architecture and Enterprise
Architecture

Details of four segregation types of Enterprise Architecture

Understanding the commonly known EA Frameworks--The Open Group
Architecture Framework (TOGAF) and Zachman
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Why do we need Enterprise
Architecture?

As this book is focused onthe enterprise level, it is expected to provide afew core
points to understand enterprise architecture easily.

In my personal experience, it was confusing to understand the role of an enterprise
architect because peopl e used to refer to so many architectural roles and terms, such
as architect, solution architect, enterprise architect, data architect, blueprint, system
diagram, and so on. My work experience clarified the underlying concepts and
motivated me to write this section.

In general, the industry perceptionisthat an IT architect roleisto draw afew boxes
with afew suggestions; the rest is with the devel opment community. They feel that the
architect role is quite easy, just drawing a diagram and not doing anything el se. As
said earlier, itis completely a perception of afew associates inthe industry. This
perception leads me to a different view about the architecture role:

MYyj5

L

However, my enterprise architect job has cleared this perception and | understand the
true val ue of an enterprise architect.
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Definition of Enterprise Architecture

In simple terms, an enterprise is nothing but human endeavor. The objective of an
enterprise is where people are collaborating for a particular purpose supported by a
platform. Let me explain with an example of an online e-commerce company.

Empl oyees of that company are people who work together to produce the firm's
profits using their various platforms, such as infrastructure, software, equipmern,
building, and so on.

Enterprise has the structure/arrangements of all these pieces/components to build the
complete organization. Thisis the exact place where enterprise architecture playsits
key role. Every enterprise has an enterprise architect.

EA isaprocess of architecting that applies the discipline to produce the prescribed
output components. This process needs experience, skill, discipline, and
descriptions. Consider the following image, where EA anti ci pates the systemintwo

key states:
‘ Current State EA anticipates

Every enterprise needs an enterprise architect, thisis not optional. Let me give a
simple example. When you need a car for business activities, you have two choices,
either drive yourself or rent adriver. Still, youwill need the driving capability to
operate the car. EA is pretty similar to this.

As depicted in the preceding diagram, EA antici pates the systemin two key states,
which are as follows:

e How itcurrentlyis
e How it will beinthe future

Basically, they work on options/al ternatives to move fromthe current to a future state
of an enterprise system. In this process, Enterprise Architecture does the foll owing:

e Creates the frameworks to manage the architecture

Detail s the descriptions of the architecture

Road maps to lay the best way to change/improve the architecture
Defines constrai nts/opportunities

Anti ci pates the costs and benefits

Eval uates the risks and val ues
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Inthis process of architecting, the system applies the discipline to produce the
prescribed output componernts.
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Stakeholders of Enterprise
Architecture

Enterprise Architecture is so special because of its holistic view of management and
evolution of an enterprise holistically. It has a unigque combination of
specialist technol ogies, such as architecture frameworks and desi gn pattern practices.

Such a special EA has the following key stakehol ders/users inits ecosystem:

S.No. | Stakeholders Organizational actions

e Capability planning
1 Strategic planner e Set strategic direction
e Impact analysis

| nvestment

Divestment

Approvals for the project
Alignment with strategic direction

2 Decision makers

e Quality assurance
3 Analyst e Compliance
e Alignment with business goals

e Solution devel opment
4 Project managers e Investigate opportunities
e Analysis of existing options
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Business benefits

Though many organi zati ons i ntervened without EAS, every firm has the strong bel i ef
that it is better to architect before creating any system. It isintegrated in a coherent
fashion with a proactively designed systeminstead of a random ad hoc and

inconsi stent mode.

In terms of business benefits, cost is the key factor in the meaning of Return on
Investment (Rol). That is how the industry businessis driveninthis highly
competitive IT world. EA has the opportunity to prove its value for its own
stakehol ders with three major benefits, ranging fromtactical to strategic positions.
They are as follows:

¢ Cost reduction by technol ogy standardization
e Business Process Improvement (BPI)
e Strategic differentiation

Gartner's research paper on TCO: The First Justification for

Enterprise I T Architecture by Colleen Young is a good reference to
0 justify the business benefits of an Enterprise Architecture.

Check out https: //www.gartner.com/doc/388268/enter prise-architecture-benefits-j ustific

ation for more information.

In the grand scheme of cost saving strategy, technol ogy standardi zation adds a l ot of
efficiency to create indirect benefits. Let me share my experience inthis space. In one
of my earlier legacy organizations, it was noticed that the variety of technol ogies and
products were built to serve the business purpose due to historical acquisitions and
mergers.

All businesses have processes; afew life examples are credit card processing,
empl oyee on-boarding, student enrollment, and so on. In this methodol ogy, there are
peopl e involved with few steps for the particular system to get things done. During
rapid business growth, the processes become chaotic, which |eads to duplicate
efforts across departments. In turn, stakehol ders do not |everage the collaboration
and cross learning.

BPI is anindustry approach that is designed to support the enterprise for the
realignment of the existing business operational process into the significantly
improved process. It hel ps the enterprise to identify and adopt in a better way using
industry tool s and techniques.
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BPI was originally designed to induce a drastic, game-changing effect on enterprise
performance instead of bringing changes inincremental steps.

In the current, highly competitive market, Strategic Differentiation efforts make
afirm create the perception in customers minds of receiving something of greater
value thanis offered by the competition. An effective differentiation strategy is the
best tool to highlight a business's unique features and make it stand out fromthe
crowd.

As the outcome of strategic differentiation, the business should realize the benefits of
Enterprise Architecture investment. Also, it makes the business i nstitute new ways of
thinking to add new customer segments al ong with new mgjor competitive strategies.
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Knowing therole of an architect

When | planned to switch my career to the architecture track, | had too many
guestions in mind. People were referring to so many titles in the industry, such as
architect, solution architect, enterprise architect, data architect, infra architect, and so
onthat | didn't know where exactly do | needed to start and end. The industry had so
many confusions to opt for. To understand it better, let me give my ownwork
experience as the best use cases.

Inthe IT industry, two higher-level architects are named as follows:

e Solution architect (SA)
e Enterprise architect (EA)

In my view, Enterprise Architecture is a much broader discipline than Solution
Architecture, with the sum of Business Architecture, Application Architecture,
Data Architecture, and Technology Architecture. It will be covered indetail inthe
subsequent section:

a Enterprise Architecture E
' E=
R, [7 puet
~— (o)
of :": ,’.—g
> /-
\Bu:iuus Avchilecture  Application Architecture Nara Architeeture Techiology .4Ih:|l]|l"t|llll)

SA is focused on a specific sol ution and addresses the technol ogical details that are
compiled to the standards, roadmaps, and strategi ¢ objectives of the business. In
comparison with SA, EA isamore senior level. In general, EA takes a strategic,
inclusive, and long termview of goals, opportunities, and chall enges facing the
company. However, SA is assigned to a particular project/programin an enterprise to
ensure technical integrity and consistency of the solution at every stage of itslife
cycle.

www.EBooksWorld.ir



Role comparison between EA and SA

Let me explain the working experiences of two different roles--EA and SA. When |
played the SA role for an Internet based tel ephony system, my role was to build tools,
such as code generation, automation, and so on around the exi sting tel ephony system.
It needed the skill set of the Microsoft platform technol ogy and tel ephony domain to
understand the existing systemin a better way and then provide better solutions to
improve the productivity and performance of the existing ecosystem. | was not really
involved inthe enterprise-level decision making process. Basically, | was pretty
much like anindividual contributor to building effective and efficient sol utions to
improvise the current system.

As the second job, | et me share my experience inthe EA role for aleading financial
company. The job was to build the enterprise data hub using emerging big data
technol ogy.
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Degree of Comparisons

If we plot EA versus SA graphically, EA needs higher degree of strategy focus and
technol ogy breath, as depicted in the foll owing image:
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Interms of roles and responsibilities, EA and SA differ intheir scope. Basically, the
SA scopeis limited within a project team and the expected delivery is to make the
system quality of the solution for the business. At the same time, the EA scopeis
beyond SA by identifying or envisioning the future state of an organi zation.

With the degree of experience, expertise, responsibility, and much more. EA is
superior to SA. EA has the vision of end-to-end broader system knowledge; but SA is
bound to a specific problem statement. In terms of enterprise role, EA role is pretty
close to Chief Architect, whereas SA is at the Senior Architect level.
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Commonly known EA Frameworks

Inthe real-world scenario, the Enterprise Architecture Framework (EAF) inspires
software devel opment processes in the industry. It is essential to fulfill the mission of
the associated enterprise.

Inanutshell, EA serves as the blueprint for the system and the project that devel ops
it. An EAF can describe the underlying infrastructure, thus providing the groundwork
for the hardware, software, and networks to work together.

With the usage of EAF, the organization will be ina situation to understand and

anal yze the weaknesses or inconsi stencies to be identified and addressed. As per the
fundamental s of computing, a framework is often alayered structure indicating what
kind of programs can or should be built, and how they will interrel ate.

To my knowledge, there are a few established EAFs available in the industry today.
Some of them were devel oped for a very specific area, whereas others have
a broader coverage with compl ete functionality.

In my view, there are two common types of EAFs used in the industry, which are as
follows:

e General Purpose Framework
e Domain Specific Framework

Domain
y Specific
General e = Framework
Purpose
Framework

Tailor-able Completeness
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General Purpose Frameworks

As the name describes, these frameworks are designed by being agnostic to any
specific implementation. They have no specific business driversinterms of an
enterprise specific scenario, but rather, they are capability based. Some of the well-
known general purpose EA Frameworks are TOGAF and Zachman.
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Domain Specific Frameworks

As self-described, these frameworks are derived from the common EA effort, inturn
referred to as domain specific. By design, they are derived with a predefined set of
busi ness conditions and concerns because they may have originated froman
Enterprise Architecture team or process improvement effort. Onrolling out to the
Industry, these frameworks are mostly driven by government agencies or other

geographies.
Based on the types of industry of the EA Frameworks, the type charter is depicted as

follows:
EA Framework

Purpose Driven l ‘

Industry Maodel ‘

By design, the EA Framework provides a conceptual framework to explainthe
following:

e How the key terms are rel ated to each other conceptually for architectural
description
e Thefollowing are the number of scenarios for the enterprise architectural
activities during the software life cycle:
e Evolutionary system
e Existing architecture
e Architectural evaluation
e Therole of the stakeholders in the creation and use of an architecture
description

In this book, we will cover the foundations of two commonly known, general purpose
EA Frameworks, which are as follows:

e TOGAF
o Zachman Framework

We will look into their details after the layers of Enterprise Architecture section as
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follows:
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Architecture segregation

In 1992, Steven H. Spewak defined Enterprise Architecture Planning (EAP) asthe
process of defining architectures for the use of information in support of the business
and the plan for i mplementing those architectures.

In highly distributed computing, a layered architecture is recommended for asimple
reason--to all ocate the different responsibilities of the systemto the respective
|layers. With the same principle, Enterprise Architecture is built on the same layer
design concept. It isinspired with the idea to execute the rel evant processes and
services of the layer and its related components. Take a look at the fol lowing image:

B“EEDESS Processes, activities of the business execution
“a]a Collected, organized, distributed information
ArNlieei:
Pplic ation Software app, tools, etc.
Technolg gy
ol Toledmctnre like campniler, nuiwnrk, el

As defined in the preceding image, each layer, namely Business, Data, Application,
and Technology, is designed to del egate its execution to the underlying layer. It
means that the top layer, Business, is coarse-grained level, whereas the bottom | ayer,
Technology, isafine-grained level.
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Business Architecture

Business Architecture is nothing but a bl ueprint of the enterprise. It hel ps you
understand the organi zati on and supports you to align the long-term strategic

obj ectives and short-termtactical demands. Basically, it is the bridge between
enterprise strategy and busi ness functionality, as depicted in the following image:

Strategy & Operations

Technology

As shown in the preceding image, Business Architecture has three dimensions at its
core--Strategy, Operation, and Technology. The success factors of a Business
Architecture are directly proportional to the business transformation, using strategy, a
stabl e platform via technol ogy, and exhibited excellence in the busi ness operation.

In essence, the key aspect of the represented business by Business Architecture is
tabul ated as follows:

S.No. ?all'J:erc)i/ Target delivery Sample
1 Who? e Stakeholders | End customers, senior managers.
e Strategy Vision, mission, objectives of the
2 Why? e Tactics busi ness.
3 How? e Initiatives Innovative devel opment, operational
' e Projects excellence.
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4 When? e Events Business critical moments.
5 What? e Products Manufacturing output, customer facing
' e Services service.
6 Where? e Policies Governing body, corporate policy,
' e Regulations | company process.
v How e Metric Financial report, revenue trend, profit
well? e Measurement | sharing.

Business Architecture is directly based on business strategy. By design, itisthe
foundation for subsequent architectures, where it is detailed into various aspects and
disciplines of the business.

available at http://ww.oracle.com'technetwork/articles/entarch/oea-case-study-brinks

One of the relevant Business Architecture case studies by Oracleis
0 -2012-1883032.pdf.

Inmy view, anideal business architect delivers the framework of services and
artifacts, which enabl es customers to rapidly deliver quantifiable business val ue with
realistic, technology enabled, busi ness sol utions.
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Data Architecture

Data Architecture i s the key contract between the business and technology in
an enterprise. | experienced the val ue of Data Architecture during my tenure of the
Enterprise Data Hub devel opment initiative.

Data Architecture is designed in such away that the real business datais handled
smoothly across the layers of the enterprise architecture. It plays the key rol e/artifact
to develop and i mplement governance supporting the enterprise data strategy. It

col | aborates/connects with the various enterprise objects, such as hardware,
applications, networks, tools, technol ogy choices, and data.

To support a variety of the commonly used enterprise applications and busi ness
improvement activities, the framework/layers of the Data Architecture is designed as
follows:

&
A Dak
// Strategy \\.\Str:tegic Layer

Business Process Tactical Layer

y I remernt P
" mprovemesnt Program »

D

Enterprise Busincss System tional Lav
Application | Intelligence | Rational S
Integration

As depicted in the preceding image, Data Architecture has three layers of
components based on its operational strategy, namely Strategic, Tactical, and
Operational. As self-described, most of the ground-level operations are executed in
the lower components--Enterprise Application Integration (EAI), Business
Intelligence (BI), and System Rationalization. Datais tactically architecture at the
middle layer using the BPI program. The top layer of Data Architecture is getting
involved inthe Data Strategy of the underlying enterprise.

Let meillustrate with areal life example to easily understand enterprise data
architecture. Our business use case is to build the inventory management system of a
producti on factory. Consider the following image:
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As depicted in the preceding image, the inventory management workflow is aimed
towards the process of supervising and controlling stock items for the productionin
an efficient way. Let's get into the details of Data Architecture with this example.

In operation level, raw material informationis fed into the inventory core system
(Warehouse) in different formats/sources. EAI (tools such as Informatica) is the core
component to ingest the incoming source data in a clearyexpected layoLt.
Rationalization is the process of extraction of the master data from the various
systems of record of both internal and external systems. After processing, to produce
the cleansed raw data using EAl and Rationalization in Warehouse, the Bl |ayer
takes the execution responsibilities. Bl analyzes the enterprise's raw data fromthe
various sources of the system.

Therefore, the lower operational layer of Data Architecture deal s with the processing
of inventory data from end to end, ranging from raw material to shipping the finished
products. Thus, the operational layer cuts across the entire phase of the business.

The next tactical layer BPI is used to improve the existing busi ness operation to
accomplish significant improvement in production. In our use case, let's say the raw
material s are sourced from various locations around the globe. In doing the various
analysis methodol ogies, the BPI system can come up with an efficient way of
sourcing the raw materials for the inventory. Of course, the existing raw datais
essential for any prediction/analysis. Effective BPI generates promising results
operational efficiency and customer focus, whichin turnimproves the productivity
and profitability of the business.

By definition, enterprise data strategy is the comprehensive vision and actionable
foundation for an organi zation's ability to harness data-rel ated or data-dependent
capability. To emphasi ze the importance of Data Strategy, |et me share an interesting
answer by Bill Gates of Microsoft. When he was asked a question--"What is the most
important asset of your company?' he replied--"Data". In our use case, by doing Data
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Strategy of the inventory system, it drives the business to be a customer-centric data
driven culture. In general, legacy systems produce data sil os that will get in the way
of understanding customers. Thisis a big challenge; without a Data Strategy, it is next
to impossible for any inventory system. Due to the characteristic of relevancy,
whichis contextual to the organi zation, evol utionary, and expected to change ona
regular basis, enterprise data strategy is essential to build the comprehensive
strategies necessary to make areal difference for the organi zation.
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Application Architecture

In general, software application is designed to meet an organizational need inreality
mode. As the business model is quite commoninasimilar industry, it obviously
expects the software application to build with the common architecture to satisfy the
busi ness requirements of an enterprise. As aresult, Application Architecture is built
in ageneric way to create the business system, whichis required to meet the specific
requirements of the business.

By definition, Application Architecture specifies the | everaging technol ogies.
Technologies are easily used to i mplement i nformati on systems, such as data,
processes, and interfaces. On top of that, Application Architecture describes the
details of the internal components and the way they interact to build the complete
| nformeati on system.

In terms of the engineering principle, Application Architecture exhibits the execution
steps and methods in the model of the system blueprint into the reality of the
leveraging enterprise.

Applications are generally categorized in the following listed types, along with their
rel ated characteristics. The categorization is based on the nature of the business
process:

Application
S.No. | processing | Characteristics Sample
type
e Customer
1 Data It is compl etely data-centric without store
explicit user manual intervention e Payroll
application
o E-
On the receipt of user requests, system- commerce
2 Transaction | centric datais updated with the received application
informeation in a system database e Financial
trade app
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This systemis based on the recei pt of o Traffic
the interested events from the system control
3 Event environment; it is not necessary to system
process non-interested data points o Red-time
dashboard
Users' interventions are specified ina . zca:r?drm”ers
formal |anguage to be processed by the )
4 Language underlying system. It is mostly involved . g[)erpreter
in system programming prolcl Iessol 'a"dr

Irrespective of the preceding types of application, Application Architectureis
designed into the logical groupings of the software components. These logical layers
hel p you differenti ate between the different kinds of tasks performed by the
components. Inturn, the systemis easier to support the design principle of reusability
across the platform.

Earlier, | was so confused about using the terms Layersvs. Tier. Now,

my understanding is that layer describes the logical groupings of the
o functionality/components in an application. However, tier describes

the physical distribution of the functionality/components on the
underlying hardware systems.

Each layer can be implemented as a large scal e component running on a separate
server. It isthe most commonly used web-based architectural model in the industry.
As acommon practice, six layers are designed in the Application Architecture of the
industry, which are as follows:
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End User Layer: Thisisanindividual who uses the product after itisfully
devel oped and marketed. This layer is around the usage pattern of the end user.
As aresult of rapid technology growth in recent times, the End User Layer is
essential to build for desktop, web, mobile, pad, and so on.

Presentation Layer: This contains the end user oriented functionality
responsible for managing user interaction with the core system. In general, it
consists of components that provide a common bridge between the end user and
core business |ogic encapsul ated in the business | ayer. Presentation Layer
consists of Ul components to render the user output and Ul processor for |ocal
processi ng.

Server Layer: Thisimplements the core functionality of the target system by
encapsul ating the relevant business logic. In modern design, this layer consists
of components, some of which may expose service interfaces that other callers
can use. Itistermed as the heart of the system.

Access Layer: Thislayer is a bridge between the core business/server |ayer
and the persisted store layer. It is designed using the best access pattern and
practices of the enterprise architecture. It has two key components, namely

the Data Access Component (DAC) and Service Gateway (SG). DAC allows
programmers to have a uniform and comprehensive way of devel oping
applications that can access almost any data store. The SG component

encapsul ates the low-level details of communicating with a service by means of
service interfaces. Moreover, SG provides anideal |ocation to provide common
features, such as asynchronous invocation, caching, and error handling.
Persistence Layer: Asthe application datais persisted inthis layer, it
provides access to data hosted within the boundaries of the system and data
exposed by other networked systems. By design, datais accessed through
services in modern Application Architecture.

External Layer: Thislayer is designed to expose the functional ity of the
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application as the services to the external customer. API isthe popular termin
the industry, through which business services are exposed externally to earn the
profit by sharing the best services.

In conclusion, Applications Architecture is the art and science of ensuring the suite of
enterprise applications to create the composite architecture with the characteristics
of scalability, reliability, availability, and manageability.
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Technology Architecture

Technol ogy/Infrastructure architecture principles are defined in collaboration with
operational staff. It is the duty of the application architect to correct any wrong
assumpti ons that the team might make with regard to enterprise infra architecture.
Traditionally, it covers the servers, desktops, storage, network, and so on.

In the current distortive and emerging technology world, collaborationis the key for
success. On connecting and cooperating with various groups, it is easy to adapt into
the | atest trends instead of reinventing the wheel again on our own. Technol ogy
Architecture is highly influenced by this principle.

On playing the enterprise architect role, my experience educated me to insist on a

hi gh degree of collaboration with other types of architects inthe system. Itis
expected to have a closer working experience with a sol ution architect to roll out the
| mpl ementati on of the specific technol ogy and platform as part of the role. Infact,
architecture is not at all specifically associated with a particular release of the
software. If so, thenitis probably not considered architecture:

Lo
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More Service-Bascd
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-~ NT Mainframe o
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As depicted in the preceding image, Technology Architecture layers start fromthe
Network layers of LAN, WAN, or Remote Access. On top of the Network layer,
the Security principles are laid with Identity, Isolation, and Permission models.
Storage layer is designed ontop of Network and Security layers. Platform resides
on top of the Storage layer and is the foundation for any type of software application,
whi ch reaches/touches the end customer. Take alook at the following model :
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OSI Model Examples
Application Layer )
Facilitates communiation betwesn Web Application
aoftwars applications like Outlook, 1E
Presentation Layer
Data Diata representation and encryption HTTP
Segsion Layer 80
Interhcest communication
Transport Layer Transmission Control
SEgments End to end connection and reliability Protocol (TCP)
Metwork Layer
Packets Fath determination and kagical Internet Protocal (IP)
addrassing
Ciata Link Layer
Frames 2 |y ..lic - Physical addressing Ethernet
: Physical Layer
Elts 1 Media, gignal and binary tmnamission CATS

The Open System Interconnection (OSI) model is an interesting areain Technol ogy
Architecture. It defines a networking framework to implement protocols in seven
layers. As the lower/deep technical details, control is passed from one layer to the
next, starting fromthe Application Layer to the bottom most Physical Layer of bits.
The communi cation passes over the channel to the next station and back up the
hierarchy.

Technol ogy Architecture deal s with these various layers and its essentials.
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| ntroduction to TOGAF

TOGAF is one of the well-known |eading Enterprise Architecture Frameworks used
inthe industry. As per the common goal, TOGAF is leveraged to make the enterprise
for implementing and i mproving busi ness efficiency. As the name stands, TOGAF
insists the industry's architecture standard using the consi stent methods, processes,
and communi cati on with the group of Enterprise Architecture professionals. Inturn,
the openness culture supports architecture practitioners to avoid the industry pain of
proprietary lock mode.

www.EBooksWorld.ir



Evolution of TOGAF 9.1

TOGAF'sfirst version was devel oped during mid-1990s and conti nuously
mai ntai ned by it based on experience and exposure from the United States
Department of Defense, namely Technical Architecture Framework for

Information Management (TAFIM). Later, the forum started rel easing successive
versions based on the fundamental blocks. Consider the following image:

Customer membars demand architacture standards ...
Customer members select TAFIM as preferred starting point...
DoD Information Systems Agency (DISA) donate TAFIM as base
TOGAF first published

TOGAF 7 — Technical Edition

- TOGAF 9.1

TOGAF 8.1.1

The Interoperable Enterprise TOGAF 8 — Enerprisc Edition
LIl e First TOGAF Certification

first published

The precedingimage is aview of the timeline for the growth of TOGAF until the
|atest version, 9.1. Thisillustrates the long maturation cycle.

TOGAF 9 Technical Corrigendum 1 can be obtained from www.opengrou
o p.org/bookstore/catalog/ull2.htm.

As TOGAF has become more mature, the time period between publications has also
increased.
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Core components

TOGAF's core components construct the strong fundamental s of this open
architecture framework. It is depicted in the following diagram:

Architecture Content
i) ADM

Framawork Reference Models

..........
..........

s
ADM Guidelines
& Technigues

Enterprise Continuum || Architecture Capability
Framework

| . . o i T % i

A - - a - -
2 [
iy i, = yad — i

The preceding diagram shows the structure in a graphical overview format calling
out the main components, which are briefed as follows:

Architecture Development Method (ADM) isakind of circular flow chart aimed
to building an enterprise-level architecture. It has a set of resources and the rel ated
governance to support the enterprise applications devel opment.

The Architecture Content Framework uses the foll owing three categories to
describe the type of architectural work product within the context of use:

o Deliverables
o Artifacts
e Building blocks

Deliverables are the output of the project to be agreed and signed off by the
enterprise stakeholders. Artifacts are represented as the content of the architectural
repository of the firm. Building blocks are commonly represented as the reusable
components of the enterprise platform.

As we know, architecture repository contains the enterprise designs, policies,
framework, and so on. Enterprise Continuum is the method or mode to classify the
repository content.
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TOGAF 9 provides an Architecture Capability Framework that is a set of
reference materials and guidelines to establish an architecture function or capability
within an organi zati on.

Open Group site. It is a great industrywide reference artifact,

0 Core components of ADM and related topics are covered in details at
available at http://pubs.opengroup.org/architecture/togaf9-doc/arch/chap05.htm
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| ndustry usage

TOGAF is highly adopted/used in the industry. The following statistical points make
them pretty clear:

More than 150k downl oads

Individual certifications near 60k, with foundation of 18k and certified of 42k
Around 400 corporate members of TOGAF

Over 60k TOGAF series books shipped

Associ ation of enterprise architects membership at more than 75k

The continental wide usage of TOGAF is depicted in the right-hand diagram,
whereas the top-10 countries is on the left-hand side:

K
MNethedands |®
JSA
Australia
India
Sauth Africa
Canada

Conlinenls| wise Scu2uard
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| ntroduction to Zachman

In the space of Enterprise Architecture, Zachman Framework is the veteran being the
initial member. It was the brainchild of John Zachman during the year 1987. Inthe
systemjournal of IBM, he released this technical paper in the name of--A framework
for information systems architecture.

By design, Zachman Framework has the logical structure, whichis intended to make
the comprehensive illustration of an informati on technol ogy enterprise. Infact, it
exhibits the multi pl e perspectives and categori zation of the business artifacts.
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Evolution

In 1987, John Zachman published a different approach to the el ements of system
devel opment. 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.

architecture IBM Systems Journal, Volume 26, Number 3, 1987, is

Zachman'sfirst paper, titled--A framework for information systems
o cited at http://dl.acmorg/citation.cfmPid=33596.

Inthe history of Enterprise Architecture evol ution, the Zachman Framework is the
early-bird player, as depicted in the following image:

L RL
s N terprisz
release relea::
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Core components

On analyzing the history, Zachman originally defined his IT taxonomy using the
building domair/industry as an anal ogy. Interestingly, architectural artifacts are
implicitly designed using a two-dimensional matrix in the building domain.

In a subsequent paper with Sowa, Zachman proposed a different strategy of six
descriptive namely data, function, network, people, time, and motivation, and six
player perspectives, namely planner, owner, designer, builder, subcontractor, and

enterprise

J.A. Zachman and J.F. Sowa published the subsequent version titled
Extending and Formalizing the Framework for Information Systems
Architecture. IBM Systems Journal, Volume 31, Number 3, 1992.

By design, the Zachman Framework is represented ina 6 x 6 matrix, as depicted in
the next image. On noticing, the tabl e's col umn represents the interrogati ves of the
communi cation channel, namely What, How, Where, Who, When, and Why. At the
same time, the row represents the phil osophical concepts of reification, namely
scope, model, design, build, and configuration.

The detail s of the Zachman Framework are clearly drawn in the following diagram:
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With the support of the appropriate artifacts in every cell, it is pretty much very
simpl e to depict the sufficient amount of detail. Zachman provided the following
rules to assist the reader in understanding the system of the enterprise applications.
Fundamentally, it contains six mgjor rules, which are as follows:

The columns have no order

Each column has a simpl e, basic model

The basic model of each col umn must be unique

Each row represents a distinct perspective

Each cell isunique

Combining the cells in one row forms a compl ete model

o~ whE

After 26 years at IBM, John founded Zachman International as a company dedicated
to the research and advancement of the state of the art in Enterprise Architecture by
his principle. It hel ps the industry adopt his framework in a massive way, froma
scientific perspective.
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Summary

As the best practice inthe industry, Enterprise Architecture is expected to have the
responsibility to perform strategic steps in alignment with business vision. EA has
few strong fundamental blocks, namely agility, durability, efficiency, and
effectiveness.

EA isthe discipline of addressing business needs with people, process, and
technol ogy, with the definition of the purpose, intent, and structure of any system.

In the next chapter, we will discuss the most commonly used fundamental design

patterns and practices, being It is getting used on to build Enterprise Application
across the industry.
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Principles and Patter ns

In this chapter, we will take a concise, quick, and solid [ook into the most common
and fundamental software industry patterns and practi ces applied to enterprise grade
aswell as medium-sized applications.

In this chapter we will |earn about the fundamental and modern design &

devel opment principles that are essential to the quality and mai ntai nable code for a
stable and flexible application design. We will go through some of the frequently
used design patterns from the GoF (Gang of Four) and |ook at their i mpl ementati on
using the .NET Core code.

The topics that we will primarily cover inthis chapter include:
e SOLID design principles
e Dependency injection
e GOF design patterns

The code that we will use here will be simple, straightforward and will be used
primarily to show the main idea of the pattern.
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Getting started with principles and
patterns

Before we directly jump into defining the principles and talk about the important
and most common design patterns, | et's question the basics of what designs are
patterns and why we should have software devel opment principles.
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Why follow design principles?

No individual, group, or organization warnts a software product whose code |ooks
complex, hard-to-change, fragile, and nonreusable. All of us want the code to remain
flexible, robust, and reusable. Therefore, we follow some of the core design
principles that are eventually essential to the quality of a software product.
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What are design patter ns?

Design patterns are basically best practi ces in software engineering using obj ect-
oriented design (OOD) that describe general reusabl e sol utions to common
problems in software design within a given context. These are not the finished or
final designs readily transformed into live software product but a description or a
templ ate of how to solve a given problem that can be used in many different
situations. Design patterns are formali zed best practices that can be used to solve
common problems when designing a sol ution.
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Why use design patterns?

Design patterns provide away to solve problems related to software devel opment
using a proven sol ution. They not only make communi cati on between designers more
efficient, but they al so make the code more tangible, clear, efficient, and reusabl e.

GoF design patterns are generally considered the foundation for all other patterns.

Software professionals can immediately picture high-level design when they refer to
the name of the pattern used to solve a particular problem.
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SOLID design principles

SOLID design principles are a set of basic OOD design principles. These principles
were first published by Robert C. Martin, popularly known as Uncle Bob. Heis also
a coauthor of the Agile Manifesto.

S.O.L.1.D stands for five primary class design principles:

Single Responsibility Principle (SRP): A class should have only one reason to
change, which means that a class should have only one primary job to do; an
extension can be added, for exampl e, inheritance.

Open Closed Principle (OCP): A class should be designed in such away that it
is open for the extension of its behavior but is closed for modification initself.
Liskov Substitution Principle (L SP): All of the derived classes should be
substitutabl e (replaceable) with their parent class.

Interface Segregation Principle (1SP): Interfaces should be fine-grained and
client-specific. Let's say that a client should never be forced to implement an
interface that they don't need or use.

Dependency Inversion Principle (DIP): Depend only on abstractions rather
than on concretions. Abstractions should not depend on details (or

| mpl ementati ons); instead, detail s should depend on the abstracti ons.
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SRP - Single Responsibility Principle

" A class should have one, and only one, reason to change.”

This primarily means that a class should have one main task, that is, a specific
interface or a single responsibility to achieve. A class with one specific
responsibility and objective is easier to code and maintain asit's clearer. Any further
changes to the objectives should either be a separate interface that i s implemented
separately or aderived class, or they should be implemented in a way that the
addition of behavior is added in a separate class.
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SRP example - The decorator pattern

For the practical demonstration of SRP, | will provide youwith a solid example
using a GoF design pattern. The Decorator pattern is one of the structural design
patterns that dynamically adds/overrides behavior in the existing method of an object.
It allows functionality to be divided between classes with unique areas of concern,
that is, single responsibility. The behavior can be added to an individual object either
statically or dynamically without affecti ng the behavior of other objects fromthe
same class.

Consider the following UML diagram:

Component

+ operation(]

CencreteComponent Decoraior

= componant Z

+ operation()

+ operation()

i

ConcreteDecorator

+ operation()

UML diagram for the Decorator pattern

The preceding figure depicts the UML diagram for the decorator pattern. | will,
instead, provide the example where a decorator patternis applied, whichwill help
you practi cally understand this UML as well as the single responsibility principle by
looking at the additional changes/behavior added separately instead of modifying the
same class again.

Inthe real world, you someti mes face a scenario where you need to change the
database from the SQL server to Oracle or vice versa. Let's say you have a
persistence functionality written in a class and you either may change the code in the
class or follow the SRP and designin a way that the new persistence functionality is
handled by another class without modifying the original class. To achieve this, we
follow the decorator patternin our tiny example persistence layer:
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usi ng System

nanespace Chapt er 2. SRP. Decor at or

{

public class Student

{
public string Nane;
public string Id;
public DateTi ne DOB;

Let's say we have asimple student entity class, which we want to persist in various
forms, for example, to XML, JSON, or DB. Here are the basic classes defined to
setup the decorator:

public interface | Persistor<T>
{
bool Persist(T obj ToPersist);
}
public class Defaul t Persistor<T> : |Persistor<T>
{
public bool Persist(T obj ToPersist)
{
Trace. Wi teLine("DefaultPersistor.Persist gets called");
return true; //Do nothing, eat up.
}
}

In the following code, you see a simpl e i mplementati on for the xv_per si st or becor at or
cl ass, and o acl ePer si st or Decor at or @and SQLPer si st or Decor at or follow the same pal‘[ern:

namespace Chapt er 2. SRP. Decor at or

{

public class XM.Persi storDecorator<T> : PersistorDecorator<T>

{

publ i ¢ XM_Per si st or Decor at or (| Per si st or <T>
obj ect ToBeDecor at ed) : base(obj ect ToBeDecor at ed)

{1}

public override bool Persist(T obj ToPersist)

{
//stacking up functionality of the decorator pattern -
whi ch basically ensures that main functionality is
achi eved and this decorator adds up new functionality.
i f (base. Persi st (obj ToPersist))
return DoXM.Persi st ence();
return fal se;

}

private bool DoXM.Persistence()

{
/I Does XML conversion and persistence operation..
Trace. Wit eLi ne("DoXM.Persi stence gets called");
return true;

}
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}

Now you see the case where the decorator patternis applied, satisfying the single
responsibility principle:

[ Fact]

public void Test_SRP_Decorator ()
{

var student = Get FakeStudent();

| Persi st or<Student > st udent Persi stence = new

O acl ePer si st or Decor at or <St udent >( new
XM_Per si st or Decor at or <St udent >( new
Def aul t Per si st or<Student>()));

Assert. True( st udent Per si st ence. Persi st (student));

}

Fromthis code, you can see how changes to the functionality are achieved by various
classes instead of by modifying the single class with multiple responsibilities. The
preceding sample code is basically persisting to all persistence layers.
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OCP - Open Closed Principle

" Classes should be open for extension but closed for modification."

This principle simply means that a class should not allow modificationinits code
due to a change in functionality. It should only allow you to extend the functionality in
some form, for exampl e, by inheritance.

Once again, this principle is satisfied in our decorator example, where our
persistence decorator (derived) classes i mplement the abstract base class to extend
(and add up) the functionality instead of modifying the existing class.
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L SP - Liskov Substitution Principle

"Functions that use pointers or references to base classes must be able to use
objects of derived classes without knowing it."

This means that all of the derived classes should retain the existing behavior of the
base class as expected by the client while extending the functionality as fulfilled by
the parent class. This aso means that the client code that consumes a specific class
or interface should be able to use a derived class or a different i mplementation of the
i nterface without affecting or having to change its internal behavior, which ultimately
mi nimi zes the impact on the consumer code as aresult of a change added by the
derived class.

Let's demonstrate this principle with an example. We create the interface for settings
when we have different types of setti Ngs, such as user set t ngs, Machi neSet ti ngs, and
readnl ySet ti ngs. Settings would be required to be loaded and saved. We will first
show the exampl e violating the LSP and then do the correction and adhere to the LSP,
Let's have our simple setting i nterface:

public interface | Settings

{
void Load();

voi d Save();
}

Let's have our sample classes implementing the i settings interface:

public class UserSettings : |Settings

{
public void Load()
{

}

public void Save()
{

}

// Loads the user settings

/] Saves the user settings

}
public class MachineSettings : |Settings

{
public void Load()
{

}

public void Save()
{

}

// Loads the machine settings

/] Saves the machi ne settings

}

/1] <summary>

www.EBooksWorld.ir



/1] Says this class holds readonly or constant settings /
configuration parameters to the software
1l </ summary>
public class ReadOnlySettings : |Settings
{
public void Load()
{
// Loads sone readonl y/constant settings
}
public void Save()
{
t hrow new Not | npl ement edExcepti on();
}
}

Now let's ook at a sampl e client code making use of these settings classes and
realize how it breaks the principle:

[ Fact ]
public void Test_dient_Violating()

{
List<lI Settings> all Settings = new List<lSettings>();

| Settings setting = new LSP. Bad. User Setti ngs();
al | Settings. Add(setting);

setting = new LSP. Bad. Machi neSettings();
al |l Settings. Add(setting);

setting = new LSP. Bad. ReadOnl ySettings();
al | Settings. Add(setting);

//Load all types of settings
al | Settings. ForEach(s => s. Load());

/1 Do some changes to settings objects..
//Following line fails because client (actually)

does not know it has to catch
al | Settings. ForEach(s => s. Save());

}

Thelast line inthis code fail s because the client code does not expect to catch (and
possibly ignore) the exception. Otherwise, it has to put a specific case to work to
detect whether the class IS readoni yset ti ngs; then, it does not call its save() method,
whichisclearly avery bad practice.

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

public interface | Readabl eSettings

{ void Load();

i)ubl ic interface I Witeabl eSettings

{ voi d Save();

]:)ubl ic interface ReadOnlySetting : | Readabl eSettings
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public void Load()
{

}

// Loads the machi ne settings

}

Here, you can see that we have divided the interfaces according to their correct
purpose or need and then implemented the readoni yset ti ngs €lass using only the
required interface, that IS, 1 readabl eset ti ngs.

What we did here is basically segregate the i nterfaces.

Let's now take alook at the sample client code using the various types of settings
classes:

[ Fact]
public void Test_dient_NonViol ating()
{
var al | Loadabl eSetti ngs
var al | Saveabl eSetti ngs

= new Li st <l Readabl eSet ti ngs>();
= new List<IWiteabl eSettings>();
var userSettings = new LSP. Good. User Settings();

al | Loadabl eSet ti ngs. Add(user Setti ngs);

al | Saveabl eSet ti ngs. Add(user Setti ngs);

var nmachi neSettings = new LSP. Good. Machi neSettings();
al | Loadabl eSet ti ngs. Add( machi neSet ti ngs);
al | Saveabl eSet ti ngs. Add( machi neSet ti ngs);

var readOnlySettings = new LSP. Good. ReadOnl ySettings();

al | Loadabl eSet ti ngs. Add(readOnl ySettings);

/1 al | Saveabl eSetti ngs. Add(readOnl ySettings); Cannot
conpile this line;

readOnl ySettings is not save-able/witable settings

//Load all types of settings
al | Loadabl eSet ti ngs. ForEach(s => s. Load());

// Do some changes to settings objects..

al | Saveabl eSettings. ForEach(s => s. Save()); //Now this
line clearly does not fail :)

}

From the preceding code, it's evident that | oading and saving setting i nterfaces are
segregated cleanly according to their responsibilities and the code works as expected
by the client.

From this exampl e, you can understand how a neatly designed code follows the
fundamental OOD principles and how closely related these SOLID principlesarein
the sense that usually, when trying to adhere to one SOLID principle, you
autometically follow one or more of the other principles. Once a mature programmer
starts following SOLID principles, he/she does not need to remember them--over a
period of time, it becomes part of their nature or a good coding habit.

www.EBooksWorld.ir



www.EBooksWorld.ir



| SP - I nterface Segregation Principle

"Interfaces should be fine-grained and client-specific."

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

Once again, our preceding example in LSP shows how the interface segregation
principleis achieved by splitting the 1 settings interface into two separate interfaces--

| Readabl eSet ti ngs and | wit eabl eSet t i ngs.
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DIP - Dependency I nversion Principle

Depend only on abstractions rather than on concretions.

Dependency Inversion Principleisthe last principle of SOLID design principles.
Here, | quote directly fromthe source (Uncle Bob), asit is beautifully written:

e High-level modules should not depend on low-level modules. Both should
depend on abstractions.

e Abstractions should not depend on details. Details should depend on
abstractions.

Basically, this means that your code should never depend on the implementati on, but
it should only depend on the interfaces (or abstract classes).

Thiswill enable you to change or replace any implementati on with just another
| mpl ementati on, and none of the client code needs to change or worry about it since it
only depends on the interfaces.

Here, | first give you a bad exampl e that viol ates the DIP:

public class O derProcessor : | O derProcessor

{

public void Process(l O der order)
{
//Performvalidations..
if (new OrderRepository(). Save(order))
new OrderNotifier().Notify(order);
}
}

Thisis bad exampl e because the a der processor Class depends upon the actual

I mplementati on of o der reposi tory @ ardernoti fier. The client code will need to change
if, say, we need to have a different repository persistence layer tomorrow or we need
a different notification mechanismthan SMS or e-mail.

Now we provide you with the good exampl e by correcting the bad one:

public class O derProcessor : | O derProcessor

{
private readonly | O derRepository _orderRepository;
private readonly I OrderNotifier _orderNotifier;

public O derProcessor (| O derRepository orderRepository,
| OrderNotifier orderNotifier)
{
_orderRepository = orderRepository;
_orderNotifier = orderNotifier;

}
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public void Process(l O der order)

{
//Performvalidations..
i f (_orderRepository. Save(order))
_orderNotifier.Notify(order);
}

}

With these changes, our o der processor Class does not have dependenci es on the actual

| mplementati ons anymore; instead, it only relies on the interfaces--i o der reposi tory and
1adernoti fier. NOW If we want to change the way notifications are sent, we will need
to have a new implementation of 1 o dernoti fi er @nd pass that implementation to

O der Processor Without any code ChangeS to the o der Processor Class.
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Dependency injection

In modern coding patterns, factory level containers that hel p assembl e components
eventual ly into a cohesive application have become very important. Beneath such
type of containers, there is a common pattern which defines how to performthe
wiring of different components together and is known as Inversion of Control (10C).
The pattern coming out of it is more specifically known as Dependency Injection.
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| ntroducing dependency injection

Dependency Injection design pattern fulfills the dependency inversion principle of
the SOLID design principles. There are three main forms of dependency injection:

e Constructor injection: Anexample of thisis showninthe DIP section
e Setter injection: Let's ook at an example code for setter injection:

public class O derProcessorWthSetter : 1O derProcessor

{
private | OrderRepository _orderRepository;

private I OrderNotifier _orderNotifier;

public | OrderRepository Repository

{
get { return _orderRepository; }
set { _orderRepository = value; }
}
public IOrderNotifier Notifier
{
get { return _orderNotifier; }
set { _orderNotifier = value; }
}
public void Process(lOder order)
{
//Performvalidations..
i f (_orderRepository. Save(order))
_orderNotifier.Notify(order);
}

Now we look at an exampl e client code using the setter injection:

[ Fact]

public void Test_DI_Wth_Setter()

{
var someOrder = new DI P.Order();
var op = new DI P. Good. O der ProcessorWthSetter();
op. Repository = new DI P. Order Repository();
op. Notifier = new DIP. OrderNotifier();
op. Process(someOr der);

}

e Interface injection: Let's take alook at an example code for interface injection.
The following are the two interfaces that will be used for our sample injection:

public interface InjectOderRepository

{
}

public interface InjectOderNotifier

{

voi d Set Repository(l O derRepository orderRepository);
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void SetNotifier(lOrderNotifier orderNotifier);

And here isthe a derprocessorwthinterface Class that ||'Tp| ements the interfaces
that are used for injection (usually viaa DI framework):

public class O derProcessorWthlnterface : |njectO derRepository,
InjectOrderNotifier, |O derProcessor

{
private | OrderRepository _orderRepository;
private I OrderNotifier _orderNotifier;

public void SetRepository(l O derRepository orderRepository)

{
_orderRepository = orderRepository;
}
public void SetNotifier(lOderNotifier orderNotifier)
{
_orderNotifier = orderNotifier;
}
public void Process(| O der order)
{
[/ Performvalidations..
i f (_orderRepository. Save(order))
_orderNotifier.Notify(order);
}

Let's have alook at the client code that uses the simple exampl e of interface
injection:

[ Fact]

public void Test_DI_Wth_Interface()

{
var someOrder = new DI P.Order();
var op = new DI P. Good. Order ProcessorWthlnterface();
/1 Creation of objects and their respective dependenci es
(conponent s/ services inside) are usually done by the
DI Framewor k
op. Set Reposi t ory(new DI P. Or der Repository());
op. SetNotifier(new DIP. OrderNotifier());
op. Process(sonmeOrder);

}
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Knowing about the Service L ocator
pattern

Injection isn't the only way to |oosen the components/service dependencies. Another
way is to use the service locator.

Basically, aservice locator is a sort of aregistry object (afactory) that knows how
to create the services or components that an application might need. For obvious
reasons, this primarily shifts the burden of object creation fromanindividual classto
the factory and we still have to get the locator object inside the classes using it,
which results in the dependency of the locator itself.

We can al so have more than one type of service locator inside an application. For
exampl e, Fakeservi ceLocat or, WhOSe purpose is just to provide the fakes that can be
tested in the testing framework.

Your service locator caninternally use the abstract factory pattern or the builder
pattern, as appropriate. It can also be a static or dynamic service locator, wherein
the dynamic service locator, it may keep the object with string keys, for example, by
mai ntai ni ng the obj ects i N Hashnaps.

A simple code for the dynamic service locator implemented as a singleton factory
catalog would be as follows inside o der processor :

| O derRepository repository = (I Order Repository)
servi ceLocat or. | nstance. get Servi ce(" O der Repository");

More conceptual information on dependency resol utions
There are discussions separately on service locator that it does not
completely follows SOLID design principles and good OO practices,
0 but we leave that discussion out of this book.

For more information on dependency resolution, refer to Inversion of
Control Containers and the Dependency | njection pattern on Martin
Fowler's website https: //martinfowler.conarticles/inj ection.htm.
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Dependency injection support with
NET Core

Microsoft has now supplied support for dependency injection directly with .NET
Core inthe form of extensions with the m crosof t . Ext ensi ons. Dependencyl nj ecti on NUGEL
package. The support for DI in .NET Coreisinaway that you can either use the
provided DI implementation, or you can use given DI interfacesin

M crosof t. Ext ensi ons. Dependencyl nj ecti on. Abstracti ons and use it with the DI framework

| mplementati on of your choice, for example, Ninject.

behavior or styleisalso designed with alogging framework in .NET

Just to give you an idea of the .NET Core direction, a similar
9 Coreus ng the M crosof t . Ext ensi ons. Loggi ng. Abst ract i ons package.

Let's look at an exampl e to see the Microsoft DI in motionwith .NET Core.

The sample 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 between; so both of these dependencies
need to be injected. Consider the following code:

public class Schedul eWorker
{
private |ServiceProvider _provider;
private |Logger _| ogger;
publ i c Schedul eWr ker (1 Servi ceProvi der provider,
I Logger | ogger)
{
_provider = provider;
_l ogger = | ogger;
}
public void Execut eSchedul es()
{
_l ogger. Logl nf ormati on(" Executi ng schedul es at {UTCTi ne}",
Dat eTi me. Ut cNow) ;
| Ai rport Flight Schedul es airportFlightSchedul es =
_provider. Get Requi redSer vi ce<l Ai r por t Fl i ght Schedul es>();
_logger. Logl nformation("Cetting schedules..");
var arrival Schedul es = ai rportFlight Schedul es.
Get Dai | yArri val Schedul es(Dat eTi ne. Ut cNow. Dat e) ;
_logger. Logl nfornation("{FlightCount} schedul es found",
arrival Schedul es. Count);
}
}

From the preceding code, you can see that the dependencies are injected viathe
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constructor. Moreover, another business interface object is retrieved via
1 servi ceProvi der DI supplied interface, which shows the way that's similar to service
locator pattern. Consider the following code:

public class AirportFlightSchedul es : 1AirportFlightSchedul es
{

private |Logger _| ogger;

public AirportFlightSchedul es(lLogger |ogger)

{
_l ogger = | ogger;
}
public IList<string> GetDail yArrival Schedul es(Dat eTi ne date)
{

Fromthis preceding code, you can see that even ai rport Fi i ght schedul es NEedS the logger
dependency to be injected.

Let's take alook at how the DI container was configured in order to insert interfaces:

public class Dl CTests
{
private static |ServiceProvider Provider { get; set; }
[ Fact]
public void Test_Sinple D )
{
Regi st er Servi ces();
Execut eScedul e() ;
}
private void Regi sterServices(bool bUseFactory = fal se)
{
| ServiceCol | ection services = new ServiceCol |l ection();
/1 Addi ng requi red dependencies to the DI Contai ner
// Not e: DebugLogger only avail abl e when Debugger
is attached
servi ces. AddTr ansi ent <I Logger, DebuglLogger >(provi der =>
new DebuglLogger (t ypeof (DI CTests). Ful | Nanme) ) ;
servi ces. AddTr ansi ent <l Ai r port Fl i ght Schedul es,
Ai rportFl i ght Schedul es>();
servi ces. AddSi ngl et on(t ypeof ( Schedul eWrker));
i f(bUseFactory) ConfigureServices(services);
Provi der = services. Bui |l dServi ceProvi der();
}

Notice that the DI container even allows you the capability to turnanormal classinto
asingleton very easily so that the same i nstance/object is given back to the
client/consumer who needs its interface. Please ignore buseractory We See it next asiit
is used to control the injection of an abstract factory class.

Our client code | ooks so simple and neat:
| private voi d Execut eScedul e()
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{
var schedul eWrker =
Provi der . Get Requi r edSer vi ce<Schedul eWr ker >() ;
schedul eWr ker . Execut eSchedul es() ;

}

Uponthis call, all the dependencies are automatically injected into the schedur ever ker
object as well as all the dependent object's hierarchy in the usage.

Now let's come to the Abstract Factory injection part, why would we need it? There
could be some situations where we would need to create objects viathe relevant
abstract factory object and al so some logic may need to be performed when creating
new object(s) via such afactory in each call to the factory. In such situations, instead
of binding the abstract factory class directly with the client code, we can better use
the DI to inject our desired abstract factory class and the client retrieves the factory
interface fromthe DI to create the objects it needs. This does not only decouple the
factory object fromthe client but also gives the capability to inject the different
abstract factory for a different configuration; a fake factory for instance.

| will provide you with another example, adding to this DI sample code in order to
show the factory method patterninits own section more clearly. Here, you will 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 alook at the
following code:

private voi d ConfigureServices(lServiceCollection
servi ceCol | ecti on)
{
servi ceCol | ecti on. AddSi ngl et on<l Ai r port Fl i ght Schedul esFact ory,
Al rportFlight Schedul esFact ory>();

}

[ Fact]
public void Test_Sinple_D C WthFactory()
{
Regi st er Servi ces(true);
Execut eScedul eWt hFactory();

}

private void Execut eScedul eWthFactory()
{
var schedul eWr ker = Provi der.
Get Requi r edSer vi ce<Schedul eWr ker >() ;
schedul eWr ker . Execut eSchedul esUsi ngFact oryVi aDi () ;

}

Look at the client code using the factory to create the required objects based on the
| Ai rportFlight Schedul es interface:

public void ExecuteSchedul esUsi ngFact oryVi aDl ()

{
_l ogger. Logl nf ormati on(" Executing schedul es at {UTCTi ne}",

Dat eTi ne. Ut cNow) ;
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var factory = _provider. Get Requi r edServi ce
<l Ai rport Fl i ght Schedul esFactory>();

I Ai rport Fl i ght Schedul es ai rportFlight Schedul es =
factory. Creat eAi rportFlight Schedul es();

_logger. Logl nformation("Getting schedules..");
var arrival Schedul es =
ai rport Fl i ght Schedul es. Get Dai | yArri val Schedul es(
Dat eTi me. Ut cNow. Dat e) ;

_l ogger. Logl nformation("{FlightCount} schedul es found",
arrival Schedul es. Count) ;

That's enough about dependency injection, and | hope you |earned and enjoyed it just
like | did. Let's jump onto lots of other design patterns.
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GoF design patterns

A software design pattern is a general reusable solution to a commonly occurring
problemwithin a given context in software design. It is not a finished design that
can be transformed directly into the source or machine code. It is a description or
a template for how to solve a problemthat can be used in many different
situations. Design patterns are formalized best practices that the programmer can
use in order to solve common problems when designing an application or a system.
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What are softwar e design patterns?

Design patterns were formally introduced in the book Design Patterns. Elements of
Reusabl e Object-Oriented Software, first published in 1994 by the four authors
Erich Gamma, Richard Helm, Ral ph Johnson, and John Vlissides, with a foreword by
Grady Booch. These authors are usually referred to as the Gang of Four. The book
contai ns the most popular 23 design patterns; hence, the 23 patterns are known as
GoF design patterns. These design patterns are fundamentally the crux of obj ect-
oriented analysis and design (OOAD).

Here, we will cover some of the most commonly used GoF design patterns and ook
at their implementation in C# using the | atest version of .NET Core.

23 GoF design patterns are divided into three main categories. | will write the names
and a one-liner explanation about them and after that, | will go into detail about the
sel ected ones:

Creational patterns

These cesign patterns deal with abject creational mechanisms in a suitahle manner under a gven
situatian

1 | Abstract factary Provides an interface that can create families of relaled classes

! 2 | Builder Separates complex object canstruction from its regresentation
| 3 Factory methed An interfaco used to create an objoct without spocifving the oxact class
tn be created
| 4 Prototype Creales fully initialiced objecls by copying or cloning an exisling ohjact
Singlaton - A class whose only a single instance can exist

Structural Patterns

IMese design patiems ase the best practce used 1o identify & simple way 1o reglze rslationshipe
between entilles in a given situation

(5] Adapler Comverts the interface of a class into another interface client except by
wrapping t's own ntarface arcund that of an already exishing class

7 | Bridgp Separates an object’s interface frem its implementation so that the two
can vary independently

8 | Composte Composes zero or more simifar oojects n a tree structure sc that they
can be manipulated as one ohject to represent part or whole hierarchies

9 | Denortor Dynamically adds/overridas behavior m-an existing object

10 | Facade Provides a unified interface to a set of interfaces in a subsystem

11 | Flyweight Efficient shanng of a large number of simlar cbjects

12 | Proxy An abject acting as a placeholder Tor another object (o contrel access o

il and reduce complexity
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Behavioral patterns

Tney identify commaon communication pattems between objects and increase the flexibility in
carying oul the communicslion bebween Lherm

13 | Chain of Necouples tae request sendar from the request recoyer by chaining,
responsibility maore than one recesver chject in a way that if one recever object does
net handie the reques:, it passes on to the nexd urtil the request has tean
handied
14 | Command Encaasulates a requestiaction/event along with parameter as an ohjzct
15 | Irterpreter Specifies a way to intemrot’ewaluaio sontenoes inoa given angiago
16 | Neralor Seguentially acvesses [z elements presant nan addregate object

witnout oeposir g its underying reprmscrtation/Staucturs

17 | Medator Fromotes onse coupling by encapsulating [and often centralizing) the
communicationdinteraction between vanous chjects

18 [ Momento Prov.des the capab lity to snapshot the object’s intemal state in order to

1% | Observer An gbsenvakble object sends everts to many obserang objects; sort of
defines a ane-ta-many dependency batwean objects

20 | State Allows the changes in the ohject's behaviar asod on the change inits
slate

We just gave an almost single line definition for all 23 GoF design patterns. Some of
themwould be obvious to understand, while others might be difficult, if not
confusing. So whenwe get into the details of certain patterns, their intent, design, and
reference implementati on should be clearer.

We have already covered the decorator pattern as an example of SRPearlier. Inthe
remainder of the chapter, we will cover the following design patterns:

Four creational design patterns are as follows:

e Singleton

e Factory method
e Abstract factory
e Builder

Three structural design patterns are as follows:

o Adapter
e Bridge

Six behavioral design patterns are as follows:

e The template method

e Observer

e Chainof responsibility
e Visitor
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e Slrategy
o State
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Creational patterns

Creational design patterns are those software design patterns that deal with the
mechani sm of object creation in a flexible, maintai nable manner under certain

Situati ons or scenarios.

Let's jump onto the individual creational patternto seeits detail.
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The singleton pattern

The singleton patternis perhaps the most common pattern used by devel opers across
the globe. This pattern basically defines a class for which only one (single) instance
can exist.

You can have aclass that is either global or static with all static methods so that you
do not need to create any instance of this class and use it directly. Thisis okay but not
considered a best practice generally, unless you are defining a statel ess interface to
expose an underlying OS APIs, such as subset vi n32 APIs or anative DLL or system
library exposing its one-off APIs.

Singleton - If you want to have a stateful class whose only one instance should exist
in the given software, then what you need is a singleton class. An example of this
class can be a configuration class, which is accessed by many other client classes
fromwithin the application |ayer.

Moreover, some of the other design patterns can themsel ves be singletons in their

| mpl ementati on, for exampl e, factory, builder, and prototype patterns. The fa- ade
pattern can al so be i mplemented as a singleton since in most of the cases, only one
fa- ade object isrequired to be created. You will understand more when we read
more about these other patterns as we move further in this chapter.

The following code shows a simpl e implementati on of a singleton pattern:

/1] <summary>
/1l A very sinple Singleton class
/1l 1ts a sealed class just to prevent derivation that
could potentially add instances
/1l </ summary>
public seal ed class SinpleSingleton
{
/1] <summary>
/1l Privately hidden app wide single static
i nstance - self nanaged
/11l </summary>
private static readonly SinpleSingleton instance = new
Si nmpl eSi ngl et on() ;

/1] <summary>

/1] Private constructor to hinder clients to create
the objects of <see cref="Sinpl eSi ngl eton"/>

[l </summary>

private SinpleSingleton() { }

/1] <summary>

/11 Publicly accessible method to supply the only
i nstace of <see cref="Sinpl eSi ngl eton"/>

/11l </summary>

[l <returns></returns>
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public static SinpleSingleton getlnstance()
{

}

return instance;
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Variations on the singleton pattern

There are some commonly used variations of the singleton pattern that are applicable
based on the given situation. Out of these, the most common ones are lazy
initialization and the doubl e check | ocking pattern.

Lazy initialization singleton basically creates its one and only instance upon its first
call to get aninstance instead of pre-creating it. Refer to the following simple code

sample;

public seal ed cl ass LazySi ngl eton
{
private static LazySingl eton instance = null
private LazySingleton() { }
public static LazySingl eton getlnstance()
{
if (instance == null) instance = new LazySi ngl eton();
return instance
}
}

The doubl e check locking patternis basically a thread-safe singleton patternin a
multithreaded environment. It ensures that only one instance is created if two or more
threads ask for a singleton instance at the same time using the simpl e synchroni zation
technigue. Refer to the following simple code sample for a better understanding:

public seal ed cl ass DCLocki ngSi ngl et on
{
/1l <summary>
/1] volatile tells the conpiler not to optinee this
field and a field mght be nodified by nmultiple threads
[l </summrary>
private static volatile DCLockingSingl eton instance = null;

[l <summary>

/1l Single object instance is used to lock all the
accesses to get the instance of the Singleton

[l </summary>

private static object syncRoot = new (bject();

private DCLocki ngSingleton() { }

/1]l <summary>
/1l Exposed as a Get only property instead of a nethod
[l </summary>
public static DCLocki ngSi ngl eton |nstance
{
get
{
if (instance == null)
{
| ock (syncRoot)
{

if (instance == null)
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i nstance = new DCLocki ngSi ngl eton();

}

return instance;
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The factory method pattern

The factory method pattern basi cally specifies the interface to create an object
without specifying its exact class. This pattern primarily focuses on creating only one
type of object specified by the interface for the object to be created.

For example, in our application, we want to use a weather service to get the current
weather of a given city. What we need is a reference to the weather service object,
and what the factory method abstracts out i s that we need a weather service reference
without knowing where this actual object reference is coming from. For example, it
can be from Yahoo weather, AccuWeather, or even a fake weather service object that
can be used for testing.

Inthe sectionfor .NET Core dependency injection, we used the

| Ai rpor t Fl i ght Schedul esFact ory factory class, which creates the objects of the

| Al rport Fl i ght Schedul es 1 Nterface, which the client code uses to get the list of all arrival
flignts.

Now let's say that we want to get alist of all arrival flights from Geneva airport.
What we will do is use the cenevaai rport Fl i ght Schedul esFact ory class that HTp' ements the
same interface 1 i rport Fi i ght Schedul esFact ory aNd creates the Obj ects of type

GenevaAi r port Fl i ght Schedul es, which Irrpl ements the same | nterface, I Ai rportFlight Schedul es.
Let's take a quick ook at the code for this new Geneva factory:

public class GenevaAi rportFlight Schedul esFactory :
| Ai rport Flight Schedul esFact ory
{

private |Logger _I|ogger;

public GenevaAi rportFlight Schedul esFact ory(I| Logger | ogger)
{

}

public | AirportFlightSchedul es CreateAirportFlightSchedul es()
{

}

_logger = I ogger;

return new GenevaAi rportFl i ght Schedul es(_I| ogger);

}

Say, if we need flight schedules for a different airport, all we need to do is use the
different factory to get the right service object, and inthis way, no changeis required
inthe client code at all.
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Abstract factory pattern

Abstract factory gives you the ability to create a number of related classes. It

provides an interface that encapsul ates the capability to create a group of classes that

are related in some way.

You are already aware of the factory method pattern. In other words, an abstract
factory is an interface that groups together rel ated factory methods.

For example, KTM bikes creates various types of bikes using a number of various
factory methods, whereas the abstract factory for KTM brings all these factory
methods together and gives you a generic interface so that you can similarly
implement an Aprilia bikes abstract factory, and so on.

Let's take alook at the following UML diagram for the abstract factory pattern for our

under standing:
Abstract FEII:T.DI'_',." Parttern
- AnslrEsl Faclnny -
LISES
Clignl
Cragte Pracuct A
Cretlp Fracuc! By
Ful
' Em‘.f,-mle'raulntm.r 1 Conirele -aclony 2
Cotaale Poodducl A Ciele Prsduc] A réEta B 4 R T T = |( i
Create Product DD Creste Product B 3 e
| orsile Conorale Predusl 60 | | Concrele Pl AR |
oroals
17rodact B |<
ariale T
| 1
Conerele Paacuc! Ell | Concsgie Prodacl B2 |

Now let's ook at a simple abstract factory pattern example in the code. Here, let's

say we warnt to create a simple application with a user interface. The user interface

includes graphical components menu, status bar, and a wizard screen interface.

While these components would be better if created by their own factory methods, for

simplicity, we club them altogether in one abstract factory interface, 1 u avsract ory:

‘ public interface | U AbsFactory
{
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I Menu Get Menu();
| Wzard CreateWzard();
| StatusBar CreateStatusBar();

}

You can see that menu, screens, wizards, and status bar are Ul components rel ated to
each other for a specific app. Based on this abstract factory interface, we can have,
for exampl e, parku AbsFact ory @nd Li ght U AbsFact ory CONCrete factory classes. We will
take a look at the concrete factory implementation in a later section again, where
we'll enhance our design further by utilizing the templ ate method pattern.
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Builder pattern

The Builder patternis used in situations where the creation of a complex objectis
required, and the creation is generally achieved through a number of steps until the
final product is ready.

A classic exanmple isthat of acar asafinal product, whichis created in steps by
adding the engine, chassis, body, tires, and so on. The main client asks for the product
and receives the final product with all the creation steps hidden fromit. Thisis
achieved viaa Director class.

The basic builder patterninvolves a Director, Builder, and Product class, as shown
in the following diagram:

Builder Pattern
. Corcrete Builzer
; ; mference to ouloor | P Implerrents
Ciracto |=-"... reference to bulce Builder Build Part i)
builder © Builder Build Part A0 rertuims proed e Build Parl B{l
Construct Product {1 Build Farl B (Gt Resultail
Gt Results()
create
¥ Product
Mote  builder, Builder Part AQ);
builder. Builder Part B();
Onj = builder. getResult]); iy
Concrete
Product

Let's ook at an example inthe code. We will build up our previous example of a
sample GUI app that added the menu, status bar, and wizard screen.

Remember, we had the abstract factory pattern applied in order to build our Ul
controls, and one of the methods of this factory class was o eat ewzard() . FOr the
exampl e, we suppose that creating the wizard means adding a coupl e of screens to
create one flow of awizard operation common in some types of user applications.
Therefore, creating awizard is achieved through a number of steps internally by the
areatewzard() Method, and these steps are essentially the builder pattern, that is, to
simplify the creation of a complex product.

Let's take alook at the interface of our builder class:
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public interface | WzardBuil der
{
voi d CreateW zardSteps(int screenSteps);
voi d AddFront Screen();
voi d AddFi nal Screen();
I Wzard GetResult();
}

The code that uses the builder object to create the product in correct stepsis
basically done by Director according to the builder pattern, whichin our exanmpleis
the code inside the o eatew zard() Method of the abstract factory:

/1] <summary>
/1l Internal code denonstrates the use of Builder pattern
/1l </ summary>
/1l <returns></returns>
public IWzard CreateW zard()
{
/I Director code for builder pattern
var w zardBuil der =
_provi der. Get Requi r edSer vi ce<l W zar dBui | der >();
wi zar dBui | der. Cr eat eW zar dSt eps(4) ;
wi zar dBui | der . AddFr ont Screen() ;
wi zar dBui | der . AddFi nal Screen();
var wi zard = wi zardBuil der. Get Resul t ();
Appl yThemreOnW zar d( wi zar d) ;
return wzard;
}

Note that the following lineis retrieving the correct build object using the DI
contai ner:

var w zardBui | der =
_provider. Get Requi r edSer vi ce<| W zar dBui | der >() ;

You do not need to go into its detail ; this DI container is explained in the Dependency
injection support with .NET Core section within this chapter.

From the preceding code, you can see how the vi zara in our example applicationis
actually created in steps using the builder pattern.
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A commentary on creational patterns

Sometimes, some creational patterns overlap each other, while other times, they
compliment each other. For example, an abstract factory is commonly implemented as
asingleton patternitself so as to have a single instance of the abstract factory object.
Abstract factory can store the prototypes fromwhich it can return the newly created
cloned objects.

Abstract factories are often implemented as a number of factory methods (whichis
what | prefer as well) that promote creation through i nheritance and give you dual
flexibility with both abstract factory and factory method at the same time. Some
abstract factories can al so be implemented using the prototype pattern internal ly that
promotes creati on through del egati on, as prototypes would be contai ned inside the
abstract factory or otherwise implemented as singleton.
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Structural patterns

These design patterns are best practices to identify a simple way to realize
rel ati onshi ps between entities and their structure in a given situation.

Let's jump onto our selective structural patterns individually to ook at their detail .
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Adapter pattern

The adapter pattern, as the name suggests, is the pattern for a class that adapts the
interface of another considerably complicated or inconsistent class. It's basically just
awrapper class. It wraps the interface of another class to aninterface that is simpler,
consi stent to the software design, and is what the client is expecting.

The foll owing diagram shows the adapter patternin general and the one used for our
example:

Adapter Pattern
Client Adapter Adapter
> >
Client DB Adapter Oracle DB Driver
> K>

It is one of the simplest GoF design patterns with the purpose of simplifying the
interface.

In the exampl e scenario, we have an Oracle database hypothetical DB driver class
with a complex and inconsistent API interface in contrast to our own application
design. Therefore, inorder to simplify things and make them uniformto use in our
application, we define our adapter interface, which our client code will use to access
the actual database objects without knowing the details of how to use Oracle DB
driver.

Let's take alook at our imaginary code. The followingis our hypothetical and not-so-
Si ITpl € aacl eDBDx i ver INterface:

public interface Oracl eDBDriver

{

bool Initialize(string paraneters);

I Oracl eDBConnecti on O eat eNewConnecti on();
| O acl eDBConnecti on O eat eNewPool edConnecti on();

bool ValidateSQ(string validSQ);

SoneDBFor mat Execut eSQ.( | Or acl eDBConnecti on dbCon,
string validsQ);

i nt ExecuteScal ar SQL(| O acl eDBConnecti on dbCon, string
val i dSQ) ;
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To simply the interface of o aci eosor i ver, We Write our simplified adapter, as shown
here:

public class DBAdapter
{
private Oracl eDBDriver dbDriver = null;
private bool bDBInitialized,
private readonly string initializationDBParaneters;
publ i c DBAdapt er ()
/1 dbDriver = new Oracl eDBDriverlnpl ();
initializati onDBParanmeters = "XYZ, ABC';
}
publ i c DataTabl e Execut eSQ(string strSQ)
{
if (string.lsNull O WiteSpace(strSQ)) throw new
I nval i dSQLException();
if (!bDBInitialized) bDBInitialized =
dbDriver.Initialize(initializationDBParaneters);
i f(!dbDriver.ValidateSQ(strSQ)) throw new
I nval i dSQLException();
var dbConnection = dbDriver. Cr eat eNewPool edConnection();
SorreDBFor mat dbData = dbDri ver. Execut eSQ.( dbConnecti on,
strSQ);
return Transfor nDBDat aType(dbDat a) ;
}
private DataTabl e Transf or nDBDat aType( SoneDBFor nat dbDat a)
{
Dat aTabl e dbTable = nul | ;
//dbTabl e = dbData; do sone conversions
return dbTabl e;
}
}

From the preceding code, you can easily see how our adapter classis hiding the
complexity of database driver initialization and connection pooling logic aswell as
transforming the ab format into a simplified one, as desired.
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Bridge pattern

The purpose of the bridge patternis to create a separation between an interface that
the client uses from the actual implementation. Thiswill allow the client's interface
(abstraction) to vary independently from the actual implementation. The bridge
primarily uses aggregation to separate the responsi bilities exposed by the interfaces.

Let's say we have a simple interface that provides the capability to performan
addition operation. We create a new interface and expose it to the client that also
provides the multiply operation. And we implement the new interface by aggregating
the object of the existing interface in away that we call our actual implementation
logic by calling the addition operati on a number of times to achieve the correct result
of the multiply operation.

The following diagram shows the general diagram for the bridge pattern as well as
the diagram to show another near real-world exampl e:

Bridge Design Pattern

General Defination

1 Abstraction Implentation (Interface
(Intattace) +Some Operation() jg——>{ + Operation Impl{)
Refined Abstraction Concrete Implemention

+ Operation Impl{)

EXAMPLE
Interface
| Premium Microwave | Core Microwave
+ Adjust Time() + Adjust Time()
+ Select Food(Food Type food Type)| [T Adjust Heating Temp()
+ Start() +Start() T
Premium Microwave Microwave
K>

Our exampl e in the code tal ks about the core microwave i mplementati on that works
very well, but thenwe add alayer of abstraction ontop of it, whichis exposing the
premium version of the microwave interface but internally, in fact, it uses the same
core microwave i mplementati on.

The following code shows our core microwave interface, whichis a complete and
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perfectly working one inits own right:

/1] <summary>

/1] Core Inplenentation Interface

1l </ summary>

public interface | CoreM crowave

{
/10 seconds to 1800 seconds
voi d Adj ust Ti me(int seconds);
/10 to 10 steps (10=200 degree)
voi d Adj ust Heati ngTenperature(int tenperature);
void Start();

}

We already have am crowave Class that implements this i corem crovave interface.

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

/1] <summary>
/1] 1t gives one touch functionality
1] </ sumary>
public interface | NewPrem unM crowave
{
voi d Sel ect Food( FoodType foodType);
void Start();

}

Take alook at its implementation; it basically uses an existing implementationin a
smart way and proves that an abstraction can vary quite independently fromits core
| mpl ementati on:

public class NewPrem unM crowave : | NewPrem unM cr owave

{

private | CoreM crowave _nicrowave;
private int[] _tenperatureVal uesFor Food;
private int[] _tineVal uesFor Food;

publ i c NewPrem unM crowave( | CoreM crowave m crowave)

{
_mcrowave = m crowave;
/1 Storage of pre-determ ned val ues
_tenperat ureVal uesFor Food = new int[] { 180, 180, 150,
120, 100, 90, 80 };
_tinmeVal uesForFood = new int[] { 300, 240, 180, 180, 150,
120, 60 };
}
public void Sel ect Food( FoodType foodType)
{
_m crowave. Adj ust Ti me(_t enper at ur eVal uesFor Food][
(int)foodType]);
_m crowave. Adj ust Heat i ngTenper at ur e(
_tenperat ureVal uesFor Food[ (i nt)foodType]);
}

public void Start()
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{

}
}

_mcrowave. Start();

In the sampl e impl ementati on, you can see that the newer eni umM crowave Class
fundamental ly uses the same microwave i mplementation just by smartly pre-setting
some of the heating temperature and time duration val ues and by efficiently utilizing
the exi sting microwave engine.

You can see that, when such kind of feature (that is, enhancement inthe interfaceis
needed without necessarily changing the implementation) needs to be implemented,
the bridge patternis the right way to do it.
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Flyweight pattern

The flywel ght pattern enabl es the sharing of information in a resource-efficient way.
You use it when you typically have the same informati on segment in a large number of
obj ects and you decide to share this information between all of these large number of
objects instead of having the same copy of information contained inside all of them.

For example, let's say in a software application, you have alist of amillion

empl oyee records for a group of companies, and several thousands of empl oyees

bel ong to the same company and thus have similar information for their employer.
Instead of having this informeation repeatedly copied into all of the empl oyee objects,
we share the common information into a separate object and let all those empl oyees
refer to the same object. Inthis way, we save alot of memory space. Note that thisis
almost the way in which we design and rel ate entities in the rel ational database.

In most of the popular programming languages, there are some types that are

Immutabl e, for exampl e, strings and other primitive types. This means that, if thereis

another object with the same val ue (the same characters) of the string, it will not have
its own copy of strings; rather, they refer to the same string in memory as managed by

the runtime. The stringisimmutable in .NET aswell asin Java.

It is quite common to have flywei ght objects to be immutabl e objects so that they
automati cally share the same memory space, such as the string val ue of the company
name.

In general implementati ons, we have a flyweight factory that provides the flywei ght
obj ects that are then shared across. The client code uses this factory to get/add the
flyweight objects inaway that this factory actually acts as memory storage or holder
of the flyweight (shared) objects.

Let's ook at the flyweight's general UML diagram:

Flyweight Design Pattern

General Definition

Flyweight Factory

[ Client |——>{ Pool<Flyweight> | _

GET / ADD Flywet()
il

creates (_/
*
Flyweight Caches/add to pocl

- Shared State
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We will now consider a practical example of the flyweight pattern. Let's say we have
aflight reservation systemthat has alist of flights, passengers booked in them, and
the reservation records.

Since the flight number and its meta information is shared across various reservations
and passengers, we create the flyweight of the flight objects; all the flight objects are
i mmutabl e obj ects (basically carrying only the string members) so that they become
resource-efficient for sharing. Consider the following diagram:

FlightList —
Flight Resenvation - Dictionary <Flight>

1list <Reservation> > Add Flight(}
Get Flight()

Make Reservation?)
Display Reservation()

'
FlightList {Immutable)
CACHE

Flight Number : String "
From : String
To : String

RESERVATION

-PNR
-Flight

Let's jump into the code and ook at how classes actually 1ook like in C# for .NET
Core. Wefirst ook at the flywel ght factory class, its design, and the sampl e code:

public class FlightList
{
/1] <summary>
/1l Thread-safe internal storage
[l </ sunmary>
private readonly ConcurrentDictionary<string,
Fl'i ght> _cache = new ConcurrentDi ctionary<string, Flight>();

public FlightList()

{
Popul ateFlightList(); //List of available flights
by the given carrier (airline)

}

/1] <summary>

/1] Returns immtable (and shareabl e flywei ghts) instances
[l </summary>

/1] <param nane="fli ght Nunber" ></ par an>

/1] <returns></returns>

public Flight GetFlight(string flightNunber)

{
Flight flight = null;
i f (_cache. TryGet Val ue(flight Nunber, out flight))
return flight;
t hrow new Fl i ght DoesNot Exi st Exception();
}

public void AddFlight(string flightNunber, string from
string to, string planeType)
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var flight = new Flight(flightNunber, from to,
pl aneType) ;
_cache. AddOr Updat e(f 1 i ght Nunber, flight,
(key, oldFlight) => flight);
}

The factory object allows the adding and retrieving of the flignt (flyweight) objects
and holds them in a thread-safe dictionary. We have added a dummy code fragment to
popul ate a few dummy flights just for demo purposes. You can see themin the actual
code, but it's not important for the pattern.

Hereisour mignt class, whichisanimmutable fiywei ght Object:

public class FlightlList
{
[l <summary>
/1] Thread-safe internal storage
[l </sumrary>
private readonly ConcurrentDictionary<string, Flight> _cache =
new ConcurrentD ctionary<string, Flight>();

public FlightList()

{
Popul ateFl i ghtList(); //List of available flights by
the given carrier (airline)

}

/1] <summary>

/1] Returns immtable (and shareabl e flyweights) instances
[l </sumrary>

/11l <param name="fli ght Nunber" ></ par an>

/1] <returns></returns>

public Flight GetFlight(string flightNunber)

{
Flight flight = null;
i f (_cache. TryGet Val ue(flight Nunber, out flight))
return flight;
t hrow new Fl i ght DoesNot Exi st Excepti on();
}

public void AddFlight(string flightNunber,
string from string to, string planeType)

{
var flight = new Flight(flightNunber, from to,
pl aneType) ;
_cache. AddOr Updat e(f 1 i ght Nunber, flight,
(key, oldFlight) => flight);
}

The following ri i ght Reservati on Class uses the riignt Li st factory class to get the flights
for each reservation and binds them into a reservat i on ObjeCt:

public class FlightReservation

{

private readonly |List<Reservation> _reservations = new
Li st <Reservation>();
private FlightList _flightList;

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

public void MakeReservation(string | astNanme, string id,
string flightNunber)

{
int pnr = PNRAl | ocator. Al |l ocat ePNR(| ast Narre, id);
/1 Fl ywei ght -1 mut abl e obj ect is returned which will be
shared between all instances
Flight flight = _flightList.GetFlight(flightNunber);
_reservations. Add(new Reservation(pnr, flight));

}

public void D spl ayReservations()

{
//Print Total Reservations: _reservations. Count;
foreach (var reservation in _reservations)

reservation. D spl ay();
}

}

Take alook at the tiny reservat i on Class that binds the reservation of a passenger
created by Fl i ght Reservati on.

public class Reservation
{
private readonly int _pnr;
private readonly Flight _flight;
public Reservation(int pnr, Flight flight)
{
_pnr = pnr;
_flight = flight;
}
public string D splay()
{
//concat all properties and return as a single string
return "";
}
}

Finally, let'slook at asimple .NET Core XUnit-based test case demonstrating sample
usage. | do not think it requires further explanation, as the test code is fairly straight
forward. Do not forget to download the whol e source code from the Packt website:

public class FlyweightTests

{
private static |ServiceProvider Provider { get; set; }
[ Fact]
public void Test_Fl ywei ght_Pattern()
{

Regi st er Servi ces();
Fl ywei ghtdient();

/1] <summary>
/1] Initializing & popul ating D contai ner
[l </ sunmary>
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private voi d Regi sterServices()

{

}

| ServiceCol | ection services = new ServiceCol |l ection();
/1 Addi ng requi red dependencies to the DI Container
servi ces. AddSi ngl et on<Fl i ght Li st >();

servi ces. AddTr ansi ent <Fl i ght Reservati on>();

Provi der = services. Bui | dServi ceProvi der();

private void Flyweightdient()

{

var flightReservati onSystem =
Provi der. Get Requi r edSer vi ce<Fl i ght Reservati on>();

flight Reservati onSyst em MakeReservati on(" Qureshi",
"NRJ445", "332");

flight Reservati onSyst em MakeReservation("Senthilvel ",
"NRI 339", "333");

flight Reservati onSyst em MakeReser vati on(" Khan",
"KLMB87", "333");

flight ReservationSystem Di spl ayReservati ons();
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A commentary on structural patterns

Like creational patterns, structural patterns are someti mes i mplemented

| nterchangeably.

For example, a bridge patternis often i mplemented using the adapter pattern.
Flyweight does not necessarily have to be implemented only as an immutabl e obj ect;
it can be a single instance (using, for example, a singleton) that is shared invarious
other classes in different scopes.

Also, note that, although adapter and bridge patterns match very much in terms of

i mplementation design, their intent is different: one is to simplify and unify, while the
other isto create further abstractions (that do not necessarily simplify) ontop of an
exi sting i mpl ementati on.
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Behavioral patterns

These design patterns are best practices to identify a simple way to realize
rel ati onshi ps between entities in a given situation.

Let's jump onto our selective behavioral patterns one by oneinorder to see themin
detail .
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Thetemplate method pattern

The templ ate method pattern basi cally defines the steps of an algorithminside a class
as a contract while deferring some of the steps (methods) to be implemented by the
derived classes; hence, it primarily defines the structure via an abstract base class.

We will explainits implementati on using an exampl e in conti nuati on of our sample
for a GUI app we created earlier for the abstract factory pattern. Infact, within the
same exampl e app, we cover abstract factory, builder, and templ ate method patterns.

In the abstract factory example, we presented the 1 u absract ory Interface and mentioned
two of the possible i mplementati ons as par kul AbsFact ory @Nd Li ght Ul AbsFact ory CONCrete
factory classes. Since the difference in our supposed implementationis basically
only the color factor between the two themes, par ku absFact ory @Nd Li ght U AbsFact ory, WE
do not need to fully implement all the methods of 1 u absract ory. Therefore, what we
will dois create a partial implementation as an abstract class and | eave the specific
parts of the code al gorithm which deal s with the coloring part to the further derived
classes; that is, we apply the templ ate method pattern.

For our example code, this thereabl eu AbsFact ory @bdStract base class looks like the
following:

public abstract class Theneabl eUl AbsFactory : | U AbsFactory
{

protected | Servi ceProvi der _provider;
private | Menu menu;

publ i c Themeabl eU AbsFact ory( | Servi ceProvi der provider)
{

}

_provider = provider;

#region | U AbsFactory abstract factory interface
public | StatusBar CreateStatusBar()

{
var statusBar = new StatusBar();
/] StatusBar creation Preprocessing..
Appl yTheneOnSt at usBar ( st at usBar) ;
/] StatusBar creation Post-processing..
return statusBar;

}

/1] <summary>
/1l Internal code denonstrates the use of Builder pattern
/11l </summary>
/1] <returns></returns>
public IWzard CreateW zard()
{

//Director code for builder pattern

var w zardBuil der = _provider.

Get Requi r edSer vi ce<lI W zar dBui | der >() ;
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Wi zar dBui | der. Cr eat eW zar dSt eps(4);

wi zar dBui | der . AddFront Screen() ;

wi zar dBui | der . AddFi nal Screen();

var wi zard = wi zardBui |l der. Get Resul t () ;

Appl yThenmeOnW zar d(wi zard) ;

return w zard;

}

public I Menu Get Menu()

{
//sort of Singleton resource behaviour
if (menu !'= null) return menu; //only one menu
resource will be created
nenu = new Menu();
//Menu creation Preprocessing..
Appl yThemeOnMenu( menu) ;
// Menu creation Post-processing..
return menu;

}

#endr egi on

#regi on Tenpl ate Met hods
public abstract void Appl yThemeOnSt at usBar (| St at usBar
st at usBar);

public abstract void Appl yThemeOnW zard(1 W zard wi zard);

public abstract void Appl yThemeOnMenu( | Menu nenu);
#endr egi on

Theneabl eU AbsFact ory IS an abstract base class that |rrpl ements 1 u absractory. It
implements almost all of the interface methods and carefully del egates the
responsibility of filling the gaps, that is, applying themes of colors to the derived
classes. It has provided a templ ate to be followed by the derived classes, inour case,
Dar kUl AbsFact ory and Li ght U AbsFact ory, SO |€t'S |00k at the code for one of them; the other
issimilar:

public class DarkU AbsFactory : Theneabl eU AbsFactory

{
publ i c Dar kU AbsFact ory(| Servi ceProvi der provider)

base( provi der)

{
}
public override void Appl yThemeOnMenu( | Menu nenu)
{
//specific inplenentation
}
public override void Appl yThemeOnSt at usBar (| St at usBar
st at usBar)
{
//specific inplenentation
}

public override void Appl yThemeOnW zard(1 W zard wi zard)
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{
}

[/ specific inplenentation

}

From the i mpl ementati on of par ku AbsFact ory, YOU Can see that it only hasto fill the
templ ate of the abstract methods and does not have to worry about i mpl ementi ng the
complete 1 u absract ory iNterface again.
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The observer pattern

The observer patternis a pattern to enabl e the publisher/subscriber scenario
between the classes of an application. Inthis pattern, there is an observabl e object
that sends events to many observing objects registered to it for receiving events.

Let's take alook at the class diagram for the exampl e i mpl ementati on of the observer
pattern:

Observer Pattern
Observable Observer
Add (observe) ’ .
Remove(observer) »
Notify()
IKeyObservahle IKeyObserver
registers
KeyboardLister Status bar Balloon Notifier
Naotify observers():

S0, our exampleis basically talking about a scenario in a user interface-based
application where you have a keyboar dti stener Class that is listening to keyboard events
and then there are some other classes that need to know about certain key events, for
example, Caps Lock, Num Lock. Inthis case, our keyboar dLi st ener Class is a publisher
of the event class, and our observers are subscriber classes that are interested in
receiving the key events. In our example, our events that receive the observers are
statusBar @Nd Bal | conNot i fi er .

First, we show you the code of the important | keyaoserver interfaces for the observer:

public interface | KeyGhserver

{
voi d Updat e(obj ect anChj ect);

}

Thisis the code of | keyaservani e fOr the observabl e:

public abstract class | KeyCbservabl e

{
private |List<lKeyChserver> _observers = new
Li st <l KeyCbserver>();

public void AddCoserver (| KeyCbserver observer)
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{

_observers. Add(observer);

}
public void RenoveCbserver (| KeyGbhserver observer)
{
_observers. Renove( observer);
}
public void NotifyCbservers(object anChject)
{
foreach (| KeyChserver observer in _observers)
{
observer. Updat e(anQbj ect) ;
}
}
}

Now let's take alook at the i mplementati on of the code for our observabl e class, that

iS,KeyboardListener:

public class KeyboardListener : |KeyCbservable
{
public void SartListening()
{
Li stenToKeys(); //Normally it would be a
conti nous process.
}

/1] <summary>

/1] Listen and notify only the interested keys
/1l </summary>

private void ListenToKeys()

{
bser vedKeys key;
/1 Got the key, we are interested in.
key = QbservedKeys. NUM LOCK;
Not i f yCbser ver s(key);
}

}

Thisis the code for our simple observing class stat ussar that receives events to show
their key status in the display area of the status bar control :

public class StatusBar : |KeyCbserver
{
public void Update(object anChject)
{

Trace. WiteLine("StatusBar - Key pressed: " +
an(Obj ect . ToString());
}
}

Now take alook at our sample client test code:

public class CbserverTests

{
[ Fact]

public void Test_Cbserver_Pattern()
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var |istener = new KeyboardLi stener();
var statusBar = new StatusBar();
var bal |l oonNotifier = new Ball oonNotifier();

| i stener. AddChser ver (st atusBar);
|'i stener. AddCbserver (bal | oonNotifier);

|'i stener. SartListening();
|'i stener. RemoveQhserver (bal | oonNotifier);

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

}
This code produces the foll owing outcome:

StatusBar - Key pressed: NUM LOCK
Bal | oonNotifier - Key pressed: NUM LOCK
StatusBar - Key pressed: NUM LOCK

The output confirms that when akey event, nov Lok, IS triggered, itisreceived by all
the observers waiting for the key event, and we can dynamically add and remove the
observers. This summarizes our sample for the observer pattern.
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The chain of responsibility pattern

The chain of responsibility pattern promotes |oose coupling by separating the request
senders from the request receivers and processors. It works like how a sender sends
arequest 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. Inthis way, all the request receivers, processors, or handlers are
chained to each other.

A more common exampl e of this patternisthis: say, we have a request to purchase an
itemand it requires an approval; it depends on the val ue of an itemwhether it can be
approved by a manager, SVP, or CEO. So inthis scenario, we send the request for
approval to amanager first; if he can fulfill the request, it is satisfied there.
Otherwise, the manager sends the request to its successor, SVP, and so onto all the
connected request recelver obj ects automati cally, while the request sender does not
know where it should be actually handled and all the receivers chained together work
smoothly until it has been compl etely handl ed.

Let's take alook at the UML class diagram for the chain of responsibility pattern:

Chain of Responsibilities

Request Sender

Request Handler > [ IWealhernloBuilder

Send Command
Weather Structure 1 Successor

Concrete RH1 Concrete RH2 1
Weather Map Bu Iderj Concrete RH2 /

Weather Description Builder

The class diagramis simple; the client who is the request sender basically has the

i nstance of one request and sends the command to it; one request handler keeps the

i nstance of another request handler, and so on. Note that in this way, request handlers
are chained together and, therefore, processing can take place only sequentially and
only inone direction.

As mentioned earlier, inachain of responsibility, either the request handler can skip
and pass the request to its successor, or it can processit or partially process and pass
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it forward to the next one in the chain.

We will now take afairly practical example for the chain of responsibility pattern.
Let's say we have some kind of an app that needs to display the weather information
contai ning various attributes such as the map, temperature, and so on. In our exampl e,
we will fill the request command object partially by each request handler, and when
It reaches the last one, the request is fulfilled.

Thisiswhat our exampl e request command object 1ooks like:

public class WeatherStructure

{
publ i c Weat her Structure()

{
Tenperature = new Tenperature();
Map = new Map();
Weat her Thunbnai | = new Weat her Thunbnai | () ;
Weat her Descri pti on = new Wat her Descri ption();

}

publ i c Tenperature Tenperature;

public Map Map;

publ i ¢ Weat her Thunbnai | Wat her Thunbnai | ;
publ i ¢ Weat her Descri pti on Weat her Descri pti on;

}

We will fill each of the four attributes one by one by four request handlers chained
together. The interface for the request handler for our exampleis as follows:

public abstract class |Watherl nfoBuil der

{

protected | Wat her| nfoBuil der _successor;

public void SetSuccessor (| Wat herl nfoBuil der successor)

{

_successor = successor;

}

public abstract void Buil dWat her Cbj ect (Weat her Structure ws);
}

One of the request handlers looks like this, while all other request handlers look and
work the same way:

public class Weat her MapBui | der : | Wat her | nf oBui | der
{
public override void Buil dWat her Cbj ect (Weat her Structure ws)

{
Bui | dMap( weat her St ruct ur e. Map) ;

if (_successor != null)
_successor . Bui | dWeat her Ohj ect (weat her Structure);

}

private void Buil dvap(Map nap)

{
[/ construct Map appropriately

map. MapURL = "https:// nmaps. googl e. com ";
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}
}

Note how the request handl ers are chained together: first, the successive request
handler is taken and saved in set successor () @nd used for chained processing; when the
request is being handled in esui 1 aveat her avj ect () after the handling is done, the successor
Is invoked because, in this example, we are processi ng the request command
partially by each of the request handlers.

Let's take alook at what the client code looks like and who acts as a request
command object sender:

public void Test_Chai nOf Responsi bility_Pattern()
{
| Weat her | nf oBui | der Wi nf oBui | der1 = new
Weat her Descri pti onBui |l der () ;
| Weat her | nf oBui | der Wl nf oBui | der2 = new
Weat her MapBui | der () ;

| Weat her | nf oBui | der Wl nf oBui | der3 = new
Weat her Tenper at ur eBui | der () ;
| Weat her | nf oBui | der wi nf oBui | der4 = new

Weat her Thunbnai | Bui | der () ;

w nf oBui | der 1. Set Successor (W nf oBui | der 2);
w nf oBui | der 2. Set Successor (W nf oBui | der 3) ;
w nf oBui | der 3. Set Successor (W nf oBui | der 4);

Weat her Struct ure weat her = new Wat her Structure();
w nf oBui | der 1. Bui | dWat her Coj ect (weat her) ;

}

The client code is simple and all the chained request processing is achieved by a

Si ngle [1N€--wi nf oBui I der 1. Bui | dveat her Obj ect (weat her) ;

Chained request handlers fill each attribute of veat her st ruct ure ONE by One.
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Thevisitor pattern

The visitor pattern allows you to separate an algorithmviathe visitor class froman
obj ect structure (aggregati ng el ements) so that the new operations can be added
without modifying the object structure.

It's a cleaner way by design for an old way of C++ friend class, whichis allowed to
access the private members of another class.

In simple words, you break the class into two classes, one only with

el ements/variabl es, and another only with the methods. In this way, you keep the one
with variables the same while varying the methods, that is, al gorithms in the other
class. You define the methods grouped together in an interface called visitor SO that
you can have more than one i mplementati on of thisvisitor interface, which means that
you can have a compl etely different set of i mplementati ons while working on the
same set of attributes / variables/ elements.

Before we jump into a realistic example code, let's close the definition by the UML
class diagram:

Visitor Pattern
Client I Visitor
+Visitor(Element)
[ ? |
Object Structure Concrete Visitor 1 Concrete Visitor 2
L Element
+Accept (Visitor)
[ 1
Concrete Element A Concrete Element B
|

We will use the same exampl e we used for the chain of responsibility pattern, that is,
filling up veat herstructure, Whichis our Object Structure for the visitor pattern. It
contains four elements i veat her &1 erent MAPPPING to the element of the visitor pattern as

Map, Tenper at ure, Descri ption, and Thunbnai 1 .

We will have two versions of concrete visitors (vanooveat her Bui | der

For ecast | O\eat her Bui | der); we will also seetwo ways of visitor (Anot her Weat her Mani pul at or)
method's signature i mplementation. Ensure that you download and see the full version
of the code for visitor pattern and others.
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The interface for the e enent 1S as follows:

/1] <summary>

/1l Interface for the Visitable class (The class to be visited
by the visitor class)

1l </ summary>

public interface |WatherE enent

{
}

voi d Mani pul at eMe( | Weat her Mani pul at or weat her Mani pul at or) ;

The interface for thevisitor classis as follows:

/1] <summary>
/1l Interface for the Visitor object
/11l </ summary>
public interface |Wather Mani pul at or

{
}

voi d Mani pul at eEl erent (1 Weat her El ement weat her El enent ) ;

The object structure that aggregates the weather el ements | ooks like the following:

public class WatherStructure
{
private Tenperature _tenperature;
private Map _map;
private Wat her Thunbnai | _weat her Thunbnai | ;
private Wat her Descri pti on _weat her Descri pti on;

private |Wather Mani pul ator _weat her Bui | der;

publ i c Weat her Struct ur e( | Weat her Mani pul at or weat her Bui | der)
{

_weat her Bui | der = weat her Bui | der;

_tenperature = new Tenperature();

_map = new Map();

_weat her Thunbnai | = new Weat her Thunbnai | () ;
_weat herDescri pti on = new Wat her Descri ption();

¥

Our test client code | ooks like the following:

YahooWeat her Bui | der ());

Weat her Struct ure weat her Structure = new Wat her Struct ure( new
weat her Struct ur e. Bui | dWeat her Structure();

To use the other implementati on of the visitor pattern, that is, to apply the different
algorithm on the same set of elements, that is, the object structure, we just have to do
the following:

For ecast | ONéat her Bui | der () ) ;

Weat her Struct ure weat her Structure = new Weat her St ruct ur e( new
weat her Struct ur e. Bui | dWeat her Structure();

Let's take alook at the simple code for sui 1 dveat her Structure() :
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voi d Bui | dWeat her St ruct ure()
{
_tenperat ure. Mani pul at eMe( _weat her Bui | der) ;
_map. Mani pul at eMe( _weat her Bui | der);
_weat her Thunbnai | . Mani pul at eMe(_weat her Bui | der) ;
_weat her Descri pti on. Mani pul at eMe(_weat her Bui | der) ;

}

This ||ne, _tenper at ur e. Mani pul at eMe(_weat her Bui | der) , IS bascally el ement.visit(visitor).

A while ago, | mentioned that we could have a slight variation in the visitor interface,
and it would look like the following:

i nterface | Anot her Weat her Mani pul at or
{
voi d Mani pul at eEl ement (Map map) ;
voi d Mani pul at eEl ement (Tenperature tenperature);
voi d Mani pul at eEl ement (Weat her Descri pti on weat her Descri ption);
voi d Mani pul at eEl enent (Weat her Thunbnai | weat her Thunbnai | ) ;

}

For the first version of the visitor interface, the implementation |ooks like the
following:

cl ass Weat her Mani pul at or : | Wat her Mani pul at or
{

public void Manipul at eEl enent (|1 Weat her El ement weat her El enent)
{
if (weatherEl enent is Map)
Bui | dVap(weat her El enent) ;
else if (weatherEl ement is Tenperature)
Bui | dTenper at ur e( weat her El enent) ;
else if (weatherEl emrent is Weat her Description)
Bui | dWat her Descri pti on(weat her El emrent ) ;
else if (weatherEl erent is Weat her Thunbnail)
Bui | dWeat her Thunbnai | (weat her El enent) ;

}

This means that we have to check the exact type of element in order to manipulate it
effectively; on the other hand, the other variation of the visitor interface as a concrete
typeis passed into its argument, so the type checking inside the functionis not
required. Both are valid implementations of the visitor pattern.

If you still have any confusion about this example visitor pattern, take alook at the
compl ete source code and have fun.
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The strategy pattern

The strategy pattern basically allows an al gorithmto be selected dynamically at
runtime without modifying the client code.

For example, if we have lot of input data from past weather i nformation and we need
to forecast the weather, we could perhaps infer based on purely statistical values
from the past or from an al gorithm doing some kind of scientific mani pul ation or
both. After doing the cal culations, we would warnt to compare the results to check the
effectiveness, for example. Inthis scenario, instead of changing the client code each
time, we just supply a different al gorithm implementation to the client, thus incurring
maybe just a single line of code change. S0, the strategy pattern | ets the al gorithm
vary independently from clients using it.

The simple UML diagram for the strategy patternlooks like the foll owing:

Context 1 Strategy Concrete Strategy
| o o g <t—
-'_Strﬂ + SomeAlgo() + SomeAlgod)
+Method ()

Let's talk about the example code. We want to travel between two points, A and B, on
the map and need to cal cul ate the durati on. We encapsul ate the duration cal culation
algorithmin the strategy so that we can cal cul ate the duration while traveling in the
car and traveling via public transport. Therefore, our class diagramwill ook like the
following for our example code:

TravelDurationCalculator DurationCaleulator
<t
+ Slralogy -
& + Measure()
+ Measurel) ‘?
CarDuration PublicTransporDC

Jumping on to the code, | et's ook at the code of the context class, that is,

Travel Durati onCal cul at or .

public class Travel Durati onCal cul at or

{

private | DurationCal cul ator strategy;

public Ti neSpan Measure(string pointA, string pointB)

{
return strategy. Measure(poi nt A, pointB);
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}

// Change the strategy
public void SetCal culator(lDurationCal cul ator strategy)
{
this.strategy = strategy;
}
}

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

public interface |DurationCal cul ator

{
Ti meSpan Measure(string pointA, string pointB);

}
Now let's see the simple code for our classes i mplementing the strategies:

/1] <sumary>
/1] Travel duration calculating strategy using car
/1l </ summary>

public class CarDurationCal culator : |DurationCal cul at or
{
public Ti meSpan Measure(string pointA, string pointB)
{

//Calculate and return the tine duration val ue..
return new Ti meSpan(4, 46, 0);
}
}

/1] <summary>
/11 Travel duration calculating strategy using public
transport (bus, tram train..)
/1l </ summary>
public class PublicTransportDurationCal cul ator :
| DurationCal cul at or

{
public Ti neSpan Measure(string pointA, string pointB)
{
//Calculate and return the tinme duration val ue..
return new Ti meSpan(6, 02, 0);
}
}

After seeing this ultimate algorithm for the travel duration calculator, let's ook at
what the client code would look like the following:

public void Test_Strategy_Pattern()
{
string pointA = "Berlin";
string pointB = "Frankfurt";
Ti meSpan ti meSpan;
var durationCal cul ator = new Travel DurationCal cul ator();

dur ati onCal cul at or. Set Cal cul at or (new
Publ i cTransportDurationCal cul ator());
ti meSpan = durationCal cul at or. Measur e( poi nt A, poi nt B);
Trace. WiteLine(pointA+ " to " + pointB + " takes " +
ti meSpan. ToString() + " using public transport.");

dur ationCal cul at or. Set Cal cul at or (new Car Durati onCal cul ator());
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ti meSpan = durationCal cul at or. Measur e( poi nt A, poi nt B);
Trace. WiteLine(pointA+ " to " + pointB + " takes " +
timeSpan. ToString() + " using car.");

}

The output of this client test code is as follows:

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

| hope this wonderful design patternis well understood now.
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The state pattern

The state pattern allows the change in the object's behavior based on the change of its
state.

If the state is changing for an object, the behavior automatically changes as well. For
exampl e, a person whose state i s nervous behaves strangely, while a person whose
state i s happy behaves in amore positive way.

The state pattern basi cally i mplements the state machine in away that each stateis a
derived class of a state interface, and they alter between them jumping from one state
to another, thus dynamically updating the behavior as per the state.

Let's jump to our example. We want to know the number of days in a season, either
summer, winter, autumn, or spring. We will always invoke one single method to know
the number of days while we want the object to shift its state automatically to the next
season and therefore change its behavior and give us the different number of days on
the next call to the same method.

The UML class diagram for the state pattern applied to our example |ooks like the
following:

State Pattern

IStateContent

+ SetState()

o

WeatherTeller IWeatherDaysTellerForState
<}
+ setState() ~GetWeatherDays(IStateContext)
+GetWeatherDays() i
WinterDaysTeller (A State Class)
AutumnDaysTeller '— SummerDaysTeller

SpringDaysTaller GetWeatherDa?IStateContext)

Note :- ‘ StateContext - SetState ‘

Now it's time to make things more clear, so let's talk code. First of all, | will show
you the client code so that we can see the big picture directly, which | might have
failed to explain very clearly:

public void Test_State_ Pattern()
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var weat herTel l er = new Weat herTel l er();

var weat her Days = weat her Tel | er. Get Weat her Days() ;
Trace. WiteLine(string. Format ("Name: {0} - Days: {1}",
weat her Days. Weat her, weat her Days. Days));

weat her Days = weat her Tel | er. Get Weat her Days() ;
Trace. WiteLine(string. Format ("Nane: {0} - Days: {1}",
weat her Days. Weat her, weat her Days. Days));

weat her Days = weat her Tel | er. Get Weat her Days() ;
Trace. WiteLine(string. Format ("Name: {0} - Days: {1}",
weat her Days. Wat her, weat her Days. Days));

weat her Days = weat her Tel | er. Get Weat her Days() ;
Trace. WiteLine(string. Format ("Nane: {0} - Days: {1}"
weat her Days. Weat her, weat her Days. Days));

weat her Days = weat her Tel | er. Get Weat her Days() ;
Trace. WiteLine(string. Format("Nane: {0} - Days: {1}",
weat her Days. Wat her, weat her Days. Days));

Let's ook at the interface for the context and the class i mplementing the veat her Tel 1 er
context:

internal interface |StateContext

{
voi d Set St at e(| Weat her DaysTel | er For St at e newWéat her St at e) ;

}
Thisisthe interface for the implanting class:

public class WatherTeller : |StateContext

{
private |WatherDaysTel | er For St at e weat her DaysTel | er St at e;

public Weat herTel l er ()
{

}

publ i c Weat her Days Get Weat her Days()
{

}

weat her DaysTel | er State = new Summer DaysTel | er ();

return weat her DaysTel | er St at e. Get Weat her Days(t hi s) ;

/1] <summrary>

/1] Internal interface |StateContext inplenentation

/11l </summary>

voi d | St at eCont ext . Set St at e( | Weat her DaysTel | er For St at e
newéat her St at e)

{

}
}

weat her DaysTel | er St at e = newéat her St at e;

The interface for the state cl asses:

internal interface | WatherDaysTel |l erForState

{
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Weat her Days Get Weat her Days( | St at eCont ext st at eCont ext) ;
}

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

i nternal class SummrerDaysTel l er : |WatherDaysTel | er For State
{
publ i c Weat her Days Get Weat her Days( | St at eCont ext st at eCont ext)

{
st at eCont ext . Set St at e( new Aut umbDaysTel l er());

return new Weat her Days()
{
Weat her = " Summer",

Days = 150 //5 nmonths * 30
¥
}

}

This completes our state pattern. In fact, thisis the last design pattern we cover in
this chapter.

| imagine you have understood this pattern as well as the others. Download the
compl ete source code and run through the code to get the compl ete essence.
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A commentary on behavioral patterns

Sometimes, some behavioral patterns overlap each other, while other times, they
make perfect individual sense uniquely. For example, interms of the class diagram,
the structural implementati on state and strategy patterns are quite similar, but they
exhibit completely different behavior as well as have their own different intent.
Remember, the state pattern always invol ves a state machine situation.

One could argue that there is an overlap between the chain of responsibility and the
decorator pattern; while both satisfy the single responsibility principle, one tackles
the addition of the functionality dynamically through the design of the structure and
other viaits behavior. Also, there is a big difference between the class diagram and
| mplementation of the decorator and the chain of responsibility pattern.
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Summary

All of these design patterns satisfy the S.O.L.1.D object-oriented design principles.
Going through this chapter not only hel ped you revise your GoF patterns and
fundamental S.O.L.1.D principles, but it will also help you keep in mind when you
are designing your new classes to solve certain problems and hence increase the
guality of your software.

We al so covered some fundamental' s of Inversion of Control via dependency injection
and al so went though some examples of DI using .NET Core. You would have also
noti ced that with the advent of DI, alot of GoF patterns are automatically taken care
of by the DI pattern. For example, almost all of the creational patterns can be
replaced by the DI, while for many others, DI can complement them by taking care of
part of their responsibility with regards to their implementation.

| hope you enjoyed this chapter as much as | did. This chapter provides the solid and

essential basis for all of the design and code-heavy chapters in the remainder of this
book.
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Distributed Computing

In the previous chapter, we looked at modern design and devel opment princi ples that
are essential to quality and maintai nable code and stabl e yet flexible application
design. Learning is through some of the most used design patterns and their

| mplementation using the .NET Core code. Distributed computing is an art of
computing to interact with a collection of independent systems inthe field of
computer science. Inthis chapter, youwill get an opportunity to understand the
fundamental s of this computing and application inthe enterprise world. It starts with
the definition, followed by its core characteristics, such as concurrency, scalability,
transparency, security, and so on. Inthe modern world, distributed computing has a
vital roleto play.

This chapter will cover the following topics:

e \What are Distributed applications?
Multithreaded programming

Concurrency versus parallelism

Design challenges to build the distribution
Scalability

Security
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Under standing Distributed applications

To understand distributed applications in a better way, we can start with the
definition of the computing, following with comparison points.
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Definition

In the early days of computer evol ution, mai nframe computers were heavily used in
the industry. By design, the legacy mainframe was performed on a single system and
was called centralized computing

A distributed systemis a collection of independent computers, interconnected viaa
network. The core objective of the network is to collaborate and complete a
particular task. Fundamental ly, distributed computing is computing performed ina
distributed system. Consider the following diagram:

permime:] s
rmam Tame compuier e

wirrksiatxn %

i g
P ~._ hetwork link
o~ | E— = !
'__,.ﬂ' e T

netwark host f

centralized computing 4
distribated computing

Historically, distributed systems have been successful because of the availability of
powerful and cheaper microprocessors in personal computers, embedded systens,
personal digital assistant, and so on. Most importantly, the conti nuous advancement in
communi cati on technol ogy has been key to their success.
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Comparison

On comparing distributed computing with the traditional centralized computing
model, it can be tabul ated as follows:

devel oped here.

Sr.No. | Centralized Distributed

Monolithic architecture withina Distributed architecture across the
1 :

single system. network.

In terms of functionality, separate N

: ) o Integrated applications are

2 and_ single function applications are designed in terms of functionality.

designed.
3 Applications can't share data or By design, applications can share

other app resources by design. all types of resources.

. - Modern multi-layer/tier
4 g/'eva'gcr)pi u edl € utélaﬁgotlﬁz %;?ggcnﬁ ae applications are designed based
' on this methodol ogy.

5 Proprietary user interfaces are Common user interfaces are

designed here.

In terms of economics, the distributed system all ows the pooling of resources,
including CPU cycles, data storage, input and output devices, and servicesinthe
enterprise system.
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M ultiprogramming

Since the advent of the Internet in the 1980s, there has been a steady growth of new
enterprise applications being built on distributed processing. In recent times, there
has been an expl osive growth in network technol ogy expansi on. The technical
journey goes inthe way of intranet, Internet, World Wide Web, wirel ess network,
GPS, RFID (Radio Frequency Identifier), and so on.

In the emerging world of global computing, distributed computing is the core central
piece of all computing.

According to the fundamental s of computing, there are four core components,
namely:

e Input
e Process
o Storage
o Output

Input Process Output

Storage
B
Primary Storage w
torage

The Input phase ingests the data and commands into CPU using one or more i nput
devices. The Process phase performs the execution of the input data and turns it into
useful information as Output. During this process, it persists the useful data into the
Storage layer.

Ingeneral itisahbit confusing between multiprogramming and multithreading in
parallelism context. Few simple examples clear the differentiation in a perfect way.

Multiprogramming is the capability of an operating system to execute more than one
program on a single machine. A classic example is to run more than one program,
such as Excel, Internet Explorer, word, and more, in a Windows operating system:

Program-2 ‘ | Program-n

Program-1 |

Computer-1
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Inasimilar trend, multithreading has the ability of an operating systemto execute
different parts of a program, namely--threads. It is depicted in the following diagram:

. Thread 1 l | Thread 2 -. | Thread n | | Thread 1 | | Thread 2 | | Thread n
Program-1 Program-2
|. Ihread 1 l [ nrean 4 ; [ Ihread n l
: e Computer-1
Program-m

In a different dimension, threads are considered as child processes to share the
parent process resources, but execute independently. Interms of parallel execution,
multi ple threads of a single process shares the single CPU system on time-sliced
basis. A classic example is a multiple document process using a single Word
process.
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Thread synchronization

In my work experience, associates always felt that multithreaded applications
provide the illusion that numerous activities are happening at more or less the same
time. Interestingly, on observing CPU/systemreality, itis considered as Time Slice
to switch between different threads. It is based on round-robin methodol ogy.

Process-based multitasking handl es the concurrent execution of programs, while
thread-based mul titaski ng deal s with the concurrent execution of pieces of the same
program.

Inthis section, it is essential to highlight the risk factor of thread collision during a
multithreading process in an enterprise application. On building any multithreaded
application, shared data should be protected from the possibility of multiple thread
engagement with its content/val ue.

Let'sillustrate with a simple exampl e:

static void Main(string[] args)

{
Consol e. Wi teLi ne("Denmo of Thread Synchronize");
Consol e. Wi t eLi ne( " ###H#HHIHHIHHHHEHHIHHHRHE )
Consol e. WiteLine("Main Thread starts here...");
Wor ker Threadd ass p = new Wrker Threadd ass();

/* Group of 7 threads creation
* for synchroni ze execution
*/
Thread[] threadLi st = new Thread[ 7];
for (int i =0; i <7; i+4)
{
threadLi st[i] = new Thread(new
ThreadSt art (p. SyncThr eadProcess)) ;
}
foreach (Thread thread in threadList)

{

}
Consol e. WiteLine("Main Thread ends here...");
Consol e. ReadLi ne();

thread. Start();

}

Now, the key factor is to protect the shared block using the lock option. It requires us
to specify atoken to acquire by athread to enter within the 1 ock scope:

cl ass Wrker Threadd ass
{
/1 Synchroni zati on Lock object
private Cbject ThreadLock = new object();
public void SyncThreadProcess()
{

//Lock to synchronize
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| ock (ThreadLock)
{
Console. WiteLine("Starting Thread with ID {0}",
Thr ead. Curr ent Thr ead. ManagedThr eadl d) ;
Consol e. WiteLine("Lock the operation of Thread");

for (int i =1; i <= 10; i++)
{

Console. Wite(i + " ");
}

Consol e. WiteLine("n Rel ease the Lock to
other Thread");
}
}
}

On attempting to lock down an instance-level method, the execution can simply pass
the reference to that instance. Once the thread enters into a ock Scope, the lock token
(inour example, the threadLock Object) isinaccessible by other threads until the lock
isreleased or the 1 ock SCOpe has exited.

The execution result depi cts the process in a clear way, as shown here:
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Storage

As there has been rapid devel opment in the el ectronics and communi cati on space, the
industry has rel eased the hardware components with cost-effective and highly
efficient modes. Inthis direction, computer architecture is designed with the

| nterconnected multi ple processors types in two forms:

e Tightly coupled system
e Loosely coupled system

Intightly coupled system, there is a single system-wide primary memory, whichis
shared by all the processors in the ecosystem. As the name depicts, any sort of
communication is executed in the closed tightly couple environment of the common
shared memory route, as defined here:

cpu | | cpu Systemwide | [ ~pyy | | cpy
shared memory

Interconnection Hardware

Let's take an exampl e in the multiprocessor environment. Processor 1 writes value
100 into the shared memory address | ocation aoori. Subsequent reads by the rest of
the processors will be the same value, 100, fromthe aoor: [ocation. It will be valid
until there are any further updates on the specific | ocation.

Local memory| | Local memory| | Local memory| | Local memory|
CPU CPU CPU CPU
[ Communication network ]

If you take the same scenario inthe loosely coupled system, each processor contains
its own independent local memory to persist the value. It doesn't share any memory

| ocati on across the processors. By design, message-bound i nter-process
communication is established. By architecture, thisis termed Message Driven
Architecture in the computing i ndustry.

With the concept of fundamental s, the first version tightly coupled systemis built
using parallel computing. The second version Loosely Coupled systemis based on
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distributed computing.

On analyzing the need for hard disk capacity (GB) in personal computers, the plotis
interestingly logarithmic. The lesson learned is that the industry fitted line
corresponds to exponential growth.
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Process

In simple terms, the computi ng process is defined as an instance of a software
programto execute a set of predefined activities to generate the result as the output.
In the hardware of the computers, CPU is the core component of the process inwhich
Control Unit (CU) and ALU (Arithmetic L ogic Unit) are the fundamental s to
execute,

Performance is the key success indicator of the process. There are two aspects to

a performance improvement scheme. The first is to execute multiples of asingle job
instance. This refers to concurrency and parallelism. However, both objectives are
the same, and they have quite di stinct concepts.

The second aspect is the multiple folds at the machine level. It is afoundation for the
scaling concepts of scale up and scale out. We will discuss scalability indetail at the
end of this chapter.
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Concurrency

In concurrent computing, the programis decomposed into multiple threads to execute
the control with distinct responsibilities. Multithreads may run either simultaneously
or inturn based on the systeminfrastructure. By design, there are two main concepts.
They are as follows:

e How are the processes scheduled to execute?
e How does the coordination process synchronize to produce the resul t?

Let's take a simple example. The given business problem statement is converted into
a software program. Multiple i nstructions of the program are decomposed into
logical independent splits, named Thread.

Therefore, the progranyproblem'p' is splitinto 't' threads (t1, t2,...tN), the execution
target at one CPU processor.

instructions

N t3 2 t

The scheduler component drafts the execution order after making several independent
| nstructi ons associ ated with threads. The coordination processis quite interesting in
the way that multiple threads of control cooperate to compl ete the task for producing
the end result. Thus, concurrency is virtual parallelism through a shared mode, such
astime glicing.

As we know, concurrency systems have several processes that are executing
simultaneously. These processes can interact with each other while they are
executing. Onthe flip side, concurrency may trigger indeterminacy among the

resul ting outcome that |eads to i ssues such as deadl ock and starvation. Again, these
design challenges are properly addressed during the i mpl ementati on phase.

As aresult, concurrent programming is implemented by splitting the exi sting task into
multi pl e factors to be executed. Concisely, concurrency achieves logical execution of
multi pl e tasks at once.
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Par allelism

Parallel computing has a mgjor design difference with the earlier concurrent
computing. Typically, it reduces the execution cycle/timing by taking advantage of the
infrastructure/hardware ability to execute/compl ete more than one task at any point of
giventime.

Parallel computing leverages various techniques, such as vectorisation, instruction
level parallelism named super scalar architecture, multiprocessing using multiple
core processors, and so on. At a software level, there is another model inwhich
uniform operations over aggregate data can be speed up. Thisis achievable by
partitioning the data and computi ng on the partitions simultaneously.

Parallelismis a combination of software and hardware techniques. It is used to allow
several processesto runinparallel, physically. The primary objectiveis used for
faster computation in modern enterprise applications. Take alook at the following
diagram:

roblem instructions

—

—

S ——
N 13 2 1]

Inanutshell, parallelism achieves the physical execution of multiple tasks at once
using multi ple processors in the ecosystem.
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Multithreading exercise

In computing theory, job execution is programmatically spanned using the control
named thread. Each thread defines a unique flow of control, but it is controlled by
the main program. If you notice that the application is a time-consuming complicated
Independent process, it is advisable to leverage thread programming for the efficient
execution. Independent is the key for parallelism.

In.NET programming, threads are created by extending thread Class Of syst em Thr eadi ng
library. Oninvokingstart() method of the extended Tnread Class, the system kick starts
the child thread execution. The life cycle of athread starts when an object of the
System Thr eadi ng. Thread Class IS created and ends when the thread i s terminated or

compl etes execution.

By design, .NET Core supports multithreaded operations in the following two ways.

e Ownthreads with Threadstart del egates
e Using ThreadPool framework class

As best practice, it is highly recommended to create a new thread manually using
Threadstart fOr long-running tasks, whereas ThreadPool only for brief jobs.
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ThreadStart

In terms of implementation, et me explain the details of coding statement and its
significance. A thread does not begin executing whenit is created in C# program as
follows:

| Thread thread = new Thread(j ob)

In fact, thread execution is scheduled by calling the C# start method as follows:

| thread. Start();

To sequence .NET thread processing, threadstart delegate is a parameter when
creating a new thread instance:

| ThreadStart job = new ThreadStart (ThreadJob);

Generally, worker thread is referred to describe another thread fromthe one that is
doing the work on the current thread, which, inlots of cases, is aforeground or Ul
thread.

Itissimilar to master slave execution model in computing theory. With these
fundamental coding concepts, simple thread programis written with main and worker
thread as follows:

/1] <sumary>
/1] Main nethod to kick start Job
/1] </ summary>
public static void Min()
{
ThreadStart job = new ThreadStart (ThreadJob);
Thread thread = new Thread(j ob);
thread. Start();
for (int i =0; i <5; i++4)
{
Consol e. WiteLine("Main thread: {0}", i);
Thr ead. Sl eep(1000) ;
}
Consol e. ReadKey() ;

}

/1] <summary>

/1] Sub or worker thread is getting triggered here
/1l </ summary>

static void ThreadJob()

{
for (int i =0; i < 10; i++)
{
Consol e. Wi telLi ne("Wrker thread: {0}", i);
Thr ead. Sl eep(500);
}
}
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In terms of execution of the preceding code, worker thread counts from 0 to 9 fairly
fast (about twice a second) while the main thread counts from O to 4 fairly slowly
(about once a second). Inturn, framework execution has discrepancy of execution
between main thread of 1000ms sleep and worker thread of 500ms. As aresult, the
executi on output on one machine looks like the foll owing screenshot:

srazany PacAThree s dama o e el Zample b Seaug e st ez s 5 i L

On observing the code execution's result, it is clear indication that the sleeping thread
will immediately start running across main and worker threads as soon as the sleep
fini shes. On thread execution, another thread may be currently running coincidentally
onasingle processor machine. The impact is that the current thread needs to await
until the system thread schedul er shares the processor time during the next round of
allocation.
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ThreadPool

ThreadPool is aninteresting concept and entirely different fromthe earlier approach.
Infact, a collection of threads i s created based on the system resources (like
memory) availability. By default, the thread pool has 25 threads per processor.

On demand, thread pool size can be scaled up and down to match the code
execution. Every thread of ThreadPool is always associated with a specific given
task. On compl etion, the underlying thread will return to the pool manager for further
assignments. It has been depi cted in the following diagram:

Task Queue

~[@@@@@© — O _l

Thread
i [Ol[CIO][ZIO][O]
Completed Tasks

~([(@@@@@@@© «— O

In terms of implementati on, the syst em Thr eadi ng. Threadrool  Class handl es the creation of
new threads al ong with the efficient distribution of consumer and management among
those threads.

Though there are a number of ways to create thread pool in C#, the simplest way is
by calli NJ Thr eadPool . QueueUser Wor ki t em

This method allows us to |aunch the execution of a function on the system thread
pool. Its declarationis as follows:

| Thr eadPool . QueueUser Wr ki t em( new Wi t Cal | back( Consune) ) ;

The first parameter specifies the function that we want to execute on the pool.
Framework expects to match the del egate of wai t cal 1 back, as follows:

| public del egate void Wit Call back(object state);

In terms of implementation, here is a simple example to illustrate the thr eadpool
concept in .NET C# code:

usi ng System
usi ng Syst em Thr eadi ng;

nanespace Packt Thr eadSanpl e
{

cl ass ThreadPool Test

{
static void Min()
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Consol e. Wit eLi ne("Before handover to ThreadPool..");
Syst em Thr eadi ng. Thr eadPool . QueueUser Wor ki t en{
new Wi t Cal | back( Wor ker Thread), "Content insider Wrker
Thread");

Consol e. WiteLine("R ght after ThreadPool retrun..");
[/l Gve the callback wait time of 2 mins after
Wr ker Thread tri gger
/1 Else App might terminate before the control returns
Thr ead. Sl eep(2000) ;
Console. WiteLine("2 mnutes dealy after

ThreadPool retrun..");

}

static void WrkerThread (object paramneter)
{
Consol e. Wi t eLi ne(paraneter);
}
}
}

The only catch in threadrool 1S t0 handle the asynchronous thread execution. As the
best practice, the main thread needs to await for the compl ete worker thread
execution. On executi ng the preceding C# threadrool COde, the result will be as
follows:

B e O eraserdFe i | et ple Fa sk hrescher s o rsbl kg Facks | hrescler e LAL = =

Technically, thread pooling is essential in multithreaded enterprise applications for
response time improvement, thread management, opti mized thread timing, and more.

ThreadPool CaN ONly run so many jobs at once, and some framework classes use it
internally, so you do not want to block it with many tasks that need to block for other

things.
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Task Parallel Library (TPL)

TPL isthe recent feature in .NET programming for well managed parallel

processing. The main purpose isto increase the devel oper's productivity by
simplifying the programming related to parallelism and concurrency to any enterprise
applications. Inmy view, itis ahighly recommended approach to write parallel
processing code in .NET.

In spite of simplicity at TPL, | recommend the programmers to have a basic
under standing of the fundamental threading concepts like deadlocks and race
conditions. By doing so, TPL will be effectively used in the source code.

Let's start the implementati on of TPL with a simple example by simply adding two
Threading namespaces.

usi ng System
usi ng Syst em Thr eadi ng;
usi ng Syst em Thr eadi ng. Tasks;

To demonstrate the execution of TPL, let's write two independent methods to display
integer and characters of a string, which will be invoked concurrently using the
Paral | el . | nvoke() method:

static void Postlnteger()
{
for (int i=0; i<10; i++)
{
Consol e. WiteLine("Integer Post:" + i);
Thr ead. Sl eep(500) ;

}
}
static void PostCharacter()
{
const String sanpl eText = "Packt Thread";
for (int i = 0; i < sanpleText.Length; i++)
{
Consol e. Wi teLine("Character Post:" + sanpleText[i]);
Thr ead. Sl eep(1000);
}
}

Now, it is action time to execute the preceding methods concurrently by the following
code base using Parallel class:

usi ng System
usi ng Syst em Thr eadi ng;
usi ng Syst em Thr eadi ng. Tasks;

namespace Packt Thr eadSanpl e
{

cl ass TaskParall el
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static void Postlnteger()
{
for (int i=0; i<10; i++)
{
Consol e. WiteLine("Integer Post:" + i);
Thr ead. Sl eep(500) ;

}

}

static void PostCharacter()

{
const String sanpl eText = "Packt Thread";
for (int i = 0; i < sanpleText.Length; i++)
{

Consol e. Wi teLine("Character Post:" + sanpleText[i]);
Thr ead. Sl eep(1000) ;
}
}
static void Main(string[] args)
{
Paral | el . I nvoke(
new Acti on( Post | nt eger),
new Acti on( Post Char act er)
)
Consol e. ReadLi ne();
}
}
}

On executi ng the preceding source code, it isinteresting to observe the highly
managed parallelismby .NET framework. From the devel oper's point of view, the
independent parallel methods are constructed and just attached inthe rarai 1 el . 1 nvoke
method. Without any issue, the applicationis able to achieve in-built parallelism
using simpl e implementati on. The execution result will be as follows:

i ol Ll b pl Fak e seria Gt i Coaag Modl | rcadzurnple B2 s ™ a

Thus, TPL supports the well managed parallelismto build .NET enterprise
applications. Task parallel library helps the devel oper community to leverage the full
potential of the available hardware capacity. The same code can adjust itself to give
you the benefits across various hardware. It a so improves the readability of the code
and, thus, reduces the risk of introducing challenging parallel process bugs.
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Design challenges

By design, the industry always feelsit's too difficult to design distributed enterprise
applications. With the fundamental concepts of a loosely coupled system, the lack of
|atest current state and consi stent i nformati on | eads to many synchronization issues in
the design of a distributed system design. As we know, the resources of distributed
applications are physically separated in their ecosystem. Due to the mi ssing common
resource factors, it is highly possible to have a delay in message delivery, and
messages could even be | ost. Consider the following diagram:

Distributed Computing

Processor / Processor
s 2

Memory / |  Memory

e S

In spite of the previously listed complexities and chall enges, distributed applications
must be designed to |everage the compl ete advantages of the design to the end users.
By leveraging the built-in concepts of the virtual centralized system, the distributed
enterprise applicationis capabl e of demonstrati ng system characteristics such as
reliability, transparency, efficiency, security, and easi ness.

As a process to mitigate the listed chall enges, the distributed applications are
devel oped to deal with resolving several designissues.
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Transparency

Spatially separated multiple users consume the distributed applications concurrently.
Inthis condition, it is highly economical to build the sharing concept among the
exi sting system resources for the concurrent execution of the user's request.

By design, one of the existing processes must infl uence the other concurrently
executi ng process as they might compete for the shared resources. As aresullt,
collision might occur by making concurrent updates in the system. It is highly

recommended that you avoid system collision.

Concurrency transparency is a concept in which each user is intended to get afeeling
of the sole usage of the resource in the system. To simul ate the concept of
concurrency transparency, the distributed systemis recommended to get the following
four properties during the resource sharing processes.

e Interms of priority-based execution, it is proposed that you have an event-
ordering property. This property ensures access requests to various system
resources, which are properly ordered to provide a consistent view to all users
of the enterprise applications.

e To balance the deficiency against the need, no starvation property is
established to ensure the granted resource by not using it simultaneously by
multiple processes. As time progresses, the resource is eventual ly rel eased to
grant further access.

e To avoid conflict execution in the system, athird property is established, namely
mutual-exclusion. This property ensures shared resource accessibility to be
leveraged by one process at any point of time.

e To handle resource | ocking seamlessly, the final property is named no-deadlock
property. The core purpose of this property is to prevent resource locking
mutual progress while competing with each other in the system.

Forms of Transparcncy
# Type Objective to hide
1 |Access difference i data representation and how resource is accassed
2 |Migration move a resource to enother location
3 |Loceahon where a resource 1s located
4 |Replcation share a rescurce by several competiive users
5  |Rzlozaton maove a resource to enother location, while in use
6  |Concurrency share resource by several competitive users
7 |Persistance whether a resource is in memory or on dislkc
8 |Fulue resource’s fathwe and recovery process

With the capability of transparency in the enterprise environment, the distributed
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system has the ability to deliver the following eight types of transparencies:

Access
Migration
Location
Replication
Rel ocation
Concurrency
Persistence
Failure

Predomi nantly, this categorizationis driven by hiding the system resources of
enterprise applications.
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Reliability

As described in the first section of this chapter, a distributed systemis expected to be
more reliable than a centrali zed system. It seems that the existence of multiple
instances increases the level of systemreliability. Onthe flip side, few design
challenges on loosely coupled systems have the probability of unreliable
characteristics in distributed applications.

Theoretically, reliability is defined as the probability of success. Mathematically, it
IS represented as Reliability = 1 - Probability of failure.

A software reliability curveis pictorially represented as follows:

4 Testing
| phase

Usaful life
" i
T \ 1 i Dbsolescence
\ - i

Failure
rale

With the inference of the preceding graph, software reliability is defined as the
probability of the failure rate inthe y axis agai nst the specific time period in the X
axis for aparticular distributed environmen.

By rolling higher reliability in an enterprise application, it is assured that you will be

able to avoid/tol erate systemfaults, tolerate faults, and detect/recover fromthe
identified faults.
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Fault toler ance

In an enterprise distributed system, there is a high possibility of error generation due
to any mechanical or algorithmic issue. It is defined as a system fault that |eads to
failure on executing the underlying applications.

In general, faults are classified into three major categories. They are as follows:

o Transient fault
o Intermittent fault
e Permanent fault

Transient faults occur once and then disappear, so it is very difficult to reproduce
and resolve the bug. Let me provide a simple example. In a network messaging
process, it may be possible to |oose data connectivity, and it is pretty hard to
reproduce the exact situation. This characteristic is considered the key factor to
categorize transient faults.

Intermittent fault repeats multiple times with the characteristics of an occurring
fault, and then it disappears for awhile, thenit reoccurs, and then it disappears, and
so on. As a side effect, anintermittent fault is considered the most annoying of
component faults in the underlying system. Ina similar network example, loose
connectivity is the classic use case to illustrate an intermittent fault type.

Permanent fault has a persistent characteristic, so these types of fault continue to
exist until the faulty component is repaired or replaced. To continue to our network
use case, the physical corruption of network cable is the suitable example. Unless the
damaged network cable is fixed or replaced properly, the enterprise applicationis
not suitable to proceed. Further examples of this fault are disk head crashes, software
bugs, and burned-out power supplies.
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Perfor mance

Performance is quite aninteresting field inthe IT industry. Insimple terms, it is the
total number of tasks completed by a computer system. The core objective of the
performance factor is to produce the output with a short response time for the given
set of tasks.

High throughput will be the goal of performance. There are two factors involved in
cal culating the val ue of throughput. This is mathematically noted as follows:

TH=N/T

Here, TH - Expected Throughput

N - Number of target tasks

T - Total time require to compl ete the task(s)

Let me give you a simple example. In a given condition, there are 100 target tasks to
be compl eted in an enterprise application. The total execution time to compl ete the
given 100 tasks may be 20 seconds. So, Threshold (TH) is as follows:

TH =100/ 20 = 5 seconds per task

On comparison with a centralized system, distributed computing i s expected to have
better performance with high throughput.

To meet the expectati on of the preceding characteristics, it is essential to build some
performance-oriented aspects in the distributed system.
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Decompose

In general, most of the complex |arge problems are solved in an easy way with the
divide and conquer strategy. To illustrate the decomposition strategy, it is better to
choose the common network use case. It is possible to transfer the data across the
network inlarge chunks. Instead of transferring the compl ete large content in one
shot, it is much more efficient to process the individual pages.

Similarly, there is another suitabl e example during the message acknow!edgement
process. It can showcase better performance by taking advantage of previous
messages' acknow!edgement with the next message. It is possible to showcase during

a series of messages exchange processes.
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Caching

In computi ng theory, some techniques, such as LRU (Least Recently Used), MRU
(Most Recently Used), are quite common when it comes to improving performance
usi ng the concept of caching. The ideaisto temporarily persist the frequently used
data at the client site. Inturn, the systemis not expected to go and retrieve the data on
every transaction. Instead, it can refer the cached datainthe local layer.

What i s the benefit of doing this? Eventually, it improves overall system performance
by saving a large amount of computing time and network | atency.
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Scalability

In computi ng theory, process is the key component in terms of the execution cycle. In
reality, there is always a need to increase the system capability fromtime to time.
With reference to this reality, scalability refers to the adoption capability of any
systemto align with the work load increments. Scalability is highly integrated with
distributed computing by design.
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Scale up

In terms of the scaling process, scale up is the traditional model to improve the
power of the underlying system. As new resources are added in the same box, itis
interpreted as vertical scaling. Thisis depicted in the following figure:

Let me explain this with a simpl e day-to-day example. On purchasing a personal
|aptop, the initial hard disk configuration might be 500 GB. After awhile, the disk
gets full and there is a pressing need to increase the volume of the hard disk. So, the
next step might be to increase the vol ume of the existing hard disk capacity to, say, 1
TB.

Taking advantage of such resources is termed scaling up. This concept is applicable
to any type of system resources, such as RAM, processor, disk storage, application,
and so on.
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Scale out

Onsimilar lines, scale out is another methodol ogy to i mprove the system
performance of an enterprise application. The mgjor differenceisinthe way of
scaling. As demand increases, the additional systems are amended instead of adding
the resources to the existing system. So, this design of scalingis termed scaling out or

horizontal scaling. It is depicted in the following figure:

scale-Out '; e 'E'gé ‘;‘gig
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Comparing scale up with scale out

In this section, I'm going to address a comparative study between vertical scaling
design, that is, scale up and horizontal scaling design, and, scal e out technol ogies
used in the industry. Pros and cons to both approaches will help you to decide the

suitabl e design for your need.
Sr.No. Design Scale up Scale out
factor

Server node

Single server with

Clustered set of server nodes

high power. with less power.2
. Concurrent . .
Computing compLting Distributed computi ng.
High powered Less powered memory but
3 Memory memory inasingle collectively simulate high
computer. power memory.
Large count of Less processorsinasingle
4 Processor processorsinasingle | computer but a cluster of
computer. computersis used.
5 [ mpl ement Sh??re%%? High degree of complexity to
challenges i molement. I mpl ement.
6 Fault Hi_gh possibility of Easier to run fault tol erance.
tolerance failure.
Utility costs
7 (electricity, Low. High.
cooling)
3 Network tlfg al V?Iy Iesi,s due of High degree of network
bandwidith SINge system bandwidith for diistribution.
design.
9 Vendor lock \(/Beennotle(r)?lIlc)J/c?f-)\i/r?r deue to Open source leads to getting
. away from vendor |ock.
proprietary
10 Total Cost High. Relatively low.
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Connecting the dots

On connecting the dots of vertical scaling and horizontal scaling, here is the best use
case. Generally, disk drives are a good anal ogy to the scal e-up approach, whereas
storage virtualization is a good anal ogy to the scal e-out approach.

On observing the recent emerging technol ogy trends of the industry, disk capacity has
increased significantly in alignment with processor capabilities, such as multicore
technol ogy.
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Security

In the computing industry, security is one of the most important principlesinan
enterprise application. As distributed computing is based on the cluster of the
computers, it is highly recommended that you build a stronger security policy here.
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Goals

In general, computer security has four goals:

e Privacy
e Secrecy
e Authenticity

o Integrity

Integrity ZC |
oals

" Authen |
ticity

Privacy is considered the information to be used only for the intended purpose, not
beyond that. Let's ook at a simple example. In the financial industry, thereisaterm
called Pl (Personally Identifiable Information). It can be used onits own or withits
supplementary information to identify the individual in context. As per the US
privacy law and information security, it is mandatory to protect this type of data.

Secrecy Is scoped to access only by authorized users, not anyone else. It is pretty
simple to explain. In an enterprise application, there might be an administration
section to maintai n the user base of the system. This section is not supposed to be
accessed by anyone in the system. Only some restricted users (such as the
administrator) must have the accessibility to this section.

Authenticity is defined as the ability to verify the received request only fromthe
restricted users, not everyone. Let's take an exampl e of private banking by end
customers. A bank might mai ntai n the accounts of some n users. The banking
application can only be logged into by the registered n customers, not by other
people. Thisis termed authenticity.

Integrity is nothing but mai ntenance to ensure the accuracy and consistency of the

i nformation in an enterprise application. At the same time, the informati on must be
protected from unauthorized access. With system characteristics, it is more integrated
into the information reliability factor.
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Attack

In computing principles, an attack is any attempt to destroy, disable, or steal
unauthori zed system access. It viol ates the security discipline of the proper usage of
the underlying system asset.

There are two categories of attacks:

e Passive attack
e Active attack

Passive Attack: With its self-descriptive name, passive attack does not cause any
harm to the system with its unauthorized access. As per the shown exampl es,
browsi ng intrudes an attempt to access other process memories or traverse the
message packet in the network. Masquerading i s 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 some analysi s methods.

Active Attack: This type of attack creates a significant impact on the existing process
and so it needs to be addressed thoroughly. The virus program executes the

mal practi ce code from the boot sector of the disk. Worm code i mpacts the computer
network using the security holes. A logic bomb is a piece of code intentional ly
injected into software to generate a malicious function on a particular condition.

Browsing | Virus

Masquerading Worm

Inferencing | Logic bomb
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Threats

Threat is a possible security danger in the computing system. It might exploit a
vulnerability to breach the security. So, it causes possible harm. There are four

categories of threats:

Interception
Interruption
Fabrication
Modification

~ Interception

M Interruption

H Fabrication

Threat Types ‘

‘Modification

I nter cepti on means gai ning access to unauthorized service or datain a computer
system. lllegal copyingis an appropriate example. Interruption makes the system
resources unavailable or destroyed, for example, intentional file corruption.
Fabricationis related to including the unwanted additional data. Modification alters

the original specification of the systemto break using unauthorized access.
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Summary

In this chapter, you were introduced to the fundamental concepts of distributed
computing. Also, it was explained when to use the right way of distributed

computati on effectively, keeping in mind the scalability and flexibility of enterprise
applications. As Microsoft is moving towards an open source strategy, one of
Microsoft's .NET sol ution Message Passing APl (MPAPI) is available in CodePl ex.
MPAPI is an open source framework to enabl e the programmers without having to
use standard thread synchroni zati on techni ques like locks, monitors, semaphors,
mutexes and volatile memory. Inthis section, our objective wasto learn the
fundamental concepts of distributed computing. Microsoft .NET provides afew easy
| mplementati on framework with better usage guidelines.

In the next chapter, we will discuss the Software Devel opment Life Cycle (SDLC),
which covers various methodol ogies such as Waterfall, Spiral, Agile, and so on.
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Software Development Life Cycle

By the end of the previous chapter, it was easy to understand when to use the right
way of distributed computation effectively while keeping the scal ability and
flexibility of an enterprise application. Software Development Life Cycle (SDLC)
IS aterm used in systems engineering, i nformati on systems, and software engineering
asaprocess. Thistutorial elaborates on the various methodol ogies like Waterfall,
Spiral, Agile, and so on. At the end of the chapter, you will understand the
fundamental concepts of Enterprise Architecture and its rel ated business needs and
benefits.

This chapter will cover the foll owing points:

e Whatis SDLC?

The Waterfall model

The Spiral model

Agile devel opment

Microsoft Open Source Strategy to life cycle:

Traditional Microsoft model and its origins inMS-DOS
e Driving factors of the Open Source Model

e Twintracks of .NET Framework and .NET Core

e Current stack of Open Source tools & techniques

This chapter gives an understanding about the SDLC, and how .NET Core and the
relevant devel opment processes fit together.
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What iIsSDLC?

SDLC isanindustry recognized process with a series of activities or steps to
develop a new enterprise application, or to modify the existing software.
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Need for a process

In everyone's life, discipline is animportant factor in order to be a successful person
intheir career. Observing disciplined people, it is noticed that they adhere to certain
rules and norms at any point of time.

Inasimilar fashion, software devel opment needs a discipline/process to produce a
high-qual ity enterprise application, which meets or exceeds the expectations of end
customers. At the same time, the devel opment effort should be limited to an estimated

time and cost.

My job as an Enterprise Architect has cleared this perception, and now | understand
the true val ue of an Enterprise Architect.
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| nsight of core phases

Ingeneral, SDLC has five core phases in any of the models. They are listed and
diagrammetically represented as follows:

e Requirement phase
Design phase

| mpl ementati on phase
Testing phase
Producti on phase

Requirement
Phase

Design
Phase

Production
Phase

Software
Development
Life
Cycle (SDLC)

Implementation
Phase

Testing
Phase

In the requirement phase, the requirements are collected based on the needs of the
busi ness stakehol ders. The design phase describes the structure and components of
the new system as a collection of modul es and subsystems. |mplementation is the
programming phase in which the designis converted into reality. The testing phase is
used to certify the functionality of the devel oped application. Productionis the final
phase to roll out the system for end customer usage.
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SDL C models

The SDLC process has the following few model s adopted in the industry:

The Waterfall model
The Spiral model

The Incremental model
Agile methodol ogy
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The Waterfall model

The Waterfall model is devel oped by dividing the whole process into afew separate
phases. Typically, each phase is designed with the simple logi ¢ that the outcome of
the earlier phase isinjected as the input for the next-level phase. By design, each
phase of the waterfall mode, is expected to be signed off, before getting into the
subsequent phase. It involves the deliverable artifact of each phase like design
document, busi ness requirement document, source code, test plan, etc.
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Core phases

Inareal-life scenario, this model behaves based on our imagination of water falling
fromtop to the bottom, asinawaterfall. Itis simply represented in the following
diagram. With the similar concept, the Waterfall model is designed as follows with

these key phases:

e Business requirement
e Systemanalysis
Systemdesign
Coding

Testing

Mai ntenance
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Business requirement

As part of business requirement, all possible specifications and requirements are
collected from the busi ness team, and documented as a Business Requirements
Document (BRD). It acts as an evidence of the business agreement. Let us assume a
busi ness case study to build a mobile-based application to check the status of the
customer support tickets. Then, the BRD will contain the compl ete functionalities of
the mobil e appli cation, supported mobile type, the customer credentials, and so on.
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System analysis

The given BRD specifications are anal yzed in detail from the software system point
of view. Based on the analysis, the deliverable document is referred to as a
Functional Specification Document (FSD). FSD is more of atechnical response
against the given BRD. In our case, |et us define one of the FSD entries as, when the
end user clicks the sign up button, the application routes to the new user registration
form. So, FSD describes the interacti on between human and enterprise application,
that is, the end user and mobile application.

www.EBooksWorld.ir



System Design

System Design Document (SDD) is the outcome of the third phase devel oped by the
software design professionals. SDD describes the new systemintention or
replacement design, with the detail ed descriptions of the system architecture and its
related components. Some firms devel op two levels of SDD, namely, High Level
Design (HLD) and Low L evel Design (L L D) documents. Our use case's SDD is
built with the mobile application architecture along with afew internal component
designs. Typically, the detail design document covers the input formeat, database
design, processing logic, output layouts, operati ng environment, interface
specifications, and so on.
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Coding

In software engineering, the core phase of implementation is coding. Inthis phase, the
software devel opers build the application using a set of technol ogy tools, |anguages,
and the like. In our use case, the actual mobile application development is part of this
phase. Objective Cis used for iOS devices, and Javais used for Android devices.
The key deliverable of this phase is the source code of the enterprise application.
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Testing

Testing is the gateway to validate the functionality, stability, and usability of the
devel oped application. Based on the objectives, there are multiple types of testingin
an enterprise. Integration testing covers the connectivity of the components across the
application. System testing covers the compl ete functionality of the application.
Performance testing addresses the stability of the product.
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M alntenance

Once the certified product is rolled into the producti on environment, the support team
takes control of application maintenance. They monitor the production version
continuously, and alert the respective teamif anything goes wrong. As the monthly
update, the support team is supposed to publish the scorecard of the application inthe
producti on environment.
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Under standing the Spiral model

The Spiral model is a combination of the iterati ve devel opment process model and
sequential linear development model, that is, the waterfall model, with very high

emphasis onrisk analysis.
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Core phases

The Spiral model is pretty much similar to the incremental model inwhich more
emphasisis placed onrisk analysis during the course. Inthe emerging IT industry,
risk factor is part and parcel of the process. Instead of avoiding the risk elements, it
is advisable to identify the risk and apparently to build the alternative solution. Itis
referred as risk analysis. The four phases adopted in the Spiral model are explained
in the following diagram:

f‘c wmulative Cost

Progress
3. Construct or Build 2. Design

Release

4. Evaluation and Risk Analysis 1.ldentification

Identification: Inthe first phase, that is, the Identification phase, it is essential to find
out the purpose of the software al ong with the measures to be taken. It helps to
achieve a software to serve all your requirements.

The key coverages inthe first phase are listed as follows:

Studying and gathering requirements

Detailed study on the feasibility

Reviews run by a walkthrough to streamline the requirements
Understanding the requirements document

Finalizing the list of requirements

Reviewing the project to take the decision to conti nue with 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 requirements of the system.

Design: This phase calculates all the possibl e risks with the possibility to encounter;
apparently, it is the process to figure out how you would resol ve these risks.

The key coverages in the second phase are listed as follows:

e The potential risks are identified based on the drafted requirements and brain-
storming sessions

e Onidentification of the risks, the mitigation strategy is designed and finalized to
roll out

e Asanartifact, adocument is generated to highlight all the risks and its
mitigation plans

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

Build: Inthis phase, the target software is constructed and tested for its core
functionality, reliability, and security aspects.

As the core engineering phase, the key coverages inthis phase are listed as follows:

The actual devel opment and testing of the planned software
Coding of the product

Execution of the test cases and test results

Generation of the test summary report and defect report

It focuses on the process of devel opment and testing the target software.

Evaluation: After the current cycle has completed to produce the first prototype, the
cycleisre-planned and repeated. The process proceeds to get into the next prototype
2.

Asthe final step of evaluation, these two key steps are executed:

e Customer eval uates the produced software to provide their feedback for the
approval
o Generating the rel ease document to highlight the implemented features

The main purpose of this phaseisto planfor the next iteration, if required.

In software devel opment, the aforementioned four phases are repeatedly passed in
multiples of iterations named Spirals. In the baseline spiral, the process starts with
the planning phase, requirements are gathered, and risk is assessed. Each subsequent
spiral builds onthe baseline spiral.
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Comparing the Waterfall model with
the Spiral model

The foll owing tabl e provides a comparison between the Spiral model and the
traditional Waterfall model:
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Sr.No. | Waterfall Spiral
In the spiral model,
In the software development life cycle, | requirements are not frozen by
1 busi ness requirements are frozen after the end of the initial phase. It
theinitial phase. Iskind of executed ina
conti nuous mode.
In terms of project execution, thereisa , : ,
highlevel of risk and uncertairty By design, the spiral model is
2 . : . model ed to handl e better risk
because of the missing stringent risk
managemert. Aagee
The framework type of the
3 The Waterfall framework type is more iﬂrﬁi V?S%I;:sg?vsﬁ?h?s ggch
of alinear sequential model. iteration, the linear model is
preferred.
begiming of th process, e donn | USEr Tnvolvermert and
cgming of fe p ’ communicationis at a high-
4 communi cati on between the customer
and devel oper throughout the degree level between the end
user and the engineer.
devel opment cycle.
During execution of the




Asthe model is kind of one-time multiple iterations, the
execution, the reusability factor isleast | possibility of reusability is
possible here. quite necessary and

devel oped by nature.
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Benefits

In terms of business benefits, spiral development is faster than the traditional model,
and so saves cost and effort.

Asrisk evaluation is well defined in proper method, larger projects are created and
handled in a strategic way. Also, it adds control during all the phases of software
devel opment.

Spiral model produces the intermediate deliverables at end of eachiteration. It gives
agreat opportunity for the end customers to share their feedback during the early
stage. Apparently, this systematic approach means software change management

can be implemented faster.
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Challenges

As more emphasisisonrisk analysis, it is animportant phase in the Spiral model,
which requires expert associates to execute. Apparently, it increases the overall cost,
and so, itisnot agood fit for smaller projects.

Inthe worst cases, Spiral may go oninfinitely, which creates wastage on its
investment in terms of effort and cost.

As Spiral has a high degree of complexity, and is relatively difficult to follow
strictly, documentation is more due to the execution of multiple intermedi ate phases
of the devel opment cycle.
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Usage recommendation

Based on the nature of the spiral model, it is highly recommended to useitinlarge-
sized projects where the software needs continuous risk eval uation.

When requirements are a bit complicated and require the continuous clarification,
aong with the software changes being quite dynamic, the Spiral model is the best fit.

In the same line, when the software devel opment life cycle has sufficient time to get
end user feedback for frequent rel eases, the Spiral model has the highest advantage to
roll out.
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Agile model

In the legacy Waterfall model, software is devel oped in the sequential model. On
compl etion of the requirements set, the process moves into design, followed by
coding. When we enter the design phase, any change to the requirements is not
allowed. As the name suggests, primarily, the water only flows down, you can't make
it go up. Thisis depicted in the following diagram:

WATERFALL

[Dahine

Build /

Reloase W""%
risk
TIME
Build Build Build
Define . E1Bele-ase Define g Releass Define hﬂeleage
4 ¥ 4
rizk
AGILE

Scrumis the popular termused inthe Agile model. Actually, Scrumis one of the
software development modelsinthe IT industry to support the emerging i ndustry.
Nowadays, IT expects the faster and better deliverables in shorter cycle to support
the cost efficiency. In alignment with this strategy, Scrumis designed with afew
small teams of intensive, inter-dependent, sel f-sustai ning characteristics. Infact, the
deliverables are divided into a small intermediate level, named as Sprint.
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Top fivereasonsto adopt Agile

Inthe modern IT world, Agileis so popular that everyone iswillingto adapt itin
their rapid devel opment cycle. Although there are many unfounded reasons, | would
like to highlight the top five factors for its industry adoption.
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Ambiguous reguirements

In the traditional model, assumption |eads to confusion in making the end delivery.
We assume that the customer will identify all requirements during the initial phase.
Though it looks reasonabl e, the customer is not comfortabl e to sign off the process
officially.

As an outcome, the customer gives alist of known and probabl e requirements during
the initial phase of software development. It is just to avoid missing themin sign-off
mode.
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Requirement changes

In general, changes are inevitable. The customers don't know what they want in the
beginning, and they eventual ly come back in the | ater phases. We assume that the cost
of change increases during devel opment, and so, a requirements freeze is absol utely
required. As aresult, we penalize the customer for adding requirement changes later,
even though they are valid.

In this emerging highly competitive market, requirements will evolve over a period
of time.
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Big planning is not practical

We assume that software is so simple that its devel opment can be easily planned from
the beginning to the end phase. As all project variables (like scope, size, cost, risk,
and the like) can be predicted during the initial phase, we assume that upfront big
planning is possible and enough. In fact, planning should also evolve along with the
requirements.

To confirmthis, the Standish Group Chaos Report 2015 segments the result of
Agile and the Waterfall model based on software projects across sectors between
2011 and 2015. It clearly indicates 39% of Agile success versus 11% of Waterfall
against all-sized projects. It comprises of Agile split of 18%, 27% 58% agai nst
large, medium, and small projects respectively.
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Softwarereview is better than
document

In the modern emerging world, customers are happier to review a working software
than a bunch of written documents.

In my own experience, the latest customers are asking the question, Demo or Deck ?
prior to the review meeting-whether they will be able to see a demonstration of the
working software modul e or not.

www.EBooksWorld.ir



|terative incremental delivery is
preferred

In my product devel opment experience, | feel that customers can't wait until the
compl etion of the entire project to get the final product. \We assume that the software
industry is pretty much similar to the manufacturing industry. As an example, a car
manufacturing company produces the final product in a sequential, step-by-step
manner. First they produce the chassis, then the engine followed by fitment, and so
on.

To impress the customer, the traditional model assumes to deliver the big final
product without the intermedi ate state. But in reality, the customer almost always
tends to get a deviation of what they required. It is thentoo late to rectify it.

To resolve this challenge, the Agile model provides delivery to the customers
frequently, in short iterations.
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| ndustry evidence

At XP 2002 conference, Jim Johnson of Standish Group Study reported that the
traditional model never used almost half of the features built. The following pie chart
shows their survey results:

Sometimes Rarely
16% 19%

Mever
45%

Similarly, the success rate of the Agile model is three times better than the traditional
Waterfall model. On conducting various projects between 2002 and 2010, their result
speaks for themsel ves, as shown in the following pie charts:

Waterfall Agile
| 5
574 A Successful
Fad Challenged
B Failed
Source: The CHAOS Menifesto, The Standish Group, 2012,
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Scaled Agile Framework (SAFe)

These days, Scaled Agile Framework (SAFe) is quite popular, because itis afreely
reveal ed knowl edge base of integrated patterns for enterprise-scale L ean-Agile
devel opment. It has the bright characteristics of a scalable and modular approach.
Apparently, it allows an enterprise to leverage this model that suits their needs.

As acore principle, the SAFe framework synchroni zes ali gnment, collaboration, and
delivery for large numbers of agile teams in an enterprise.

SAFe has six core valuesinits design, which are as follows:

e Code quality
e Program execution
e Business alignment
e Transparency level
e \Working model
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The preceding diagram depi cts the design of the SAFe framework.

It operates with common vision, architecture, and UX guidance. The fundamental
theme is built around collaboration and adopti on of face-to-face planning and
retrospectives of the business. As part of the delivery, cross-functional agile teams
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deliver the working system increments every two weeks.

By implementation, there are two different types of SAFe: 3-Level SAFe and 4-Level
SAFe. 3-Level SAFeisfor smaller implementati ons with 100 people or less, or for
mul ti pl e such programs that do not require significant collaboration. 4-Level SAFeis
for sol utions that typically require many hundreds of practitioners to devel op, deploy,
and maintain.
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History

The history of SAFe is depicted in the following timeline. The latest version,
renamed SAFe 4.0 for Lean Software and Systems Engineering, wasreleased in
January 2016. Consider the following diagram:

SAFe: Journey

bbbk Field Experience at E“'m_
ean Produc e
IEIE"U'E".E{J n-:ﬂn': 201 2 2 01 3 | 20 1 4 L»

Systems
Enginaanng
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Success Factor s

As ameatter of fact, SAFeis popular because of its success scorecard measurement,
and apparently foll owed with the improvement process based on the measured score
of its devel opment cycle.

As the success factors, the following points are considered as the i mprovement
measures. It hel ps the management teamto arrive at their success metric. Apparently,
the management | eads to track the investment and its rel ated business values / returns:

Cycle time: measurement of the quickest time taken to get one of the features out

Release cycle: time taken to get arelease out

Defects. measured based on the total number and changes in the defects i st

Productivity: Calculation of the normalized effort to get a unit of functionality

done in the software product

e Stabilization: On code completion, a percentage of arelease is spent on
stabilizing before the rel ease of an enterprise application

e Customer satisfaction: Measurement of the end customer's satisfaction level
with the rate of change either up or down

e Employee satisfaction: Measurement of employee group's satisfaction level

either up or down

Inreality, most firms execute the patchwork approach to transforminto Agile
methodol ogy fromtheir traditional software devel opment life cycle models. Asa
result, a heavy sprint backlog is formed due to extensive dependencies to delivery
without i mpedi ment. Due to these limitations, SAFe has gained traction as a stage-
gated cultural framework in the software devel opment process.
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Microsoft open source strategy tolife
cycle

Open sourcing and crowd sourcing are the | atest trends in the software devel opment
industry. Though both terms ook similar, there is a key difference between open
source and crowd source.

Open sourceis built based on four key pillars, namely, free to use, study, modify, and
distribute the software for any purpose. It creates multiple custom software versions.
The best well-known example is multiple flavors of the UNIX operating system and
Android mobile platform. Open by rule is the theme of the open source culture. Every
community member is not allowed to exploit the others.

Crowd sourcing is built based on the marginal interest as well as free time of alarge
group of people to build an application. This culture benefits the initiator typically
without any significant compensation to the participants. In fact, intellectual property
and distribution rights are compl etel y owned by the initiator. OpenSignal is the best
exampl e of crowd sourcing of the world's wireless network.

Closed source is a compl ete contradi ction to the open source and crowd source
culture. It is sometimes referred to as the proprietary model. By design, closed
source methodol ogy is owned by an organi zati on with in-house devel opment to
generate revenue for their business. Take alook at the following diagram:

Closed Source VS Open Source

Ubun
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The preceding illustration indicates the list of closed source and open source
companiesinthe IT industry. Microsoft, Apple, and others are the mgjor players
among closed source companies, while Linux, Android, and others are prominent
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among Open source compani es.

Although Microsoft held an identity as a closed source company, it has switched over
to the open source list inrecent years. If you take a closer 100k at the statement made
by the CEO of Microsoft, it reflects my words. On June 1, 2001, the ex-CEO of
Microsoft, Steve Ballmer, said that Linux is a cancer, which attaches itself, inan
intellectual property sense, to everything it touches. It was part of aninterview with
the Chicago Sun-Times. In October 2014, the current CEO, Satya Nadella, delivered
a contradi cti ng note that Microsoft |oves Linux, at a San Francisco media conference.

In the coming section, | et us analyze the history of closed source and motivation for
open source methods depl oyed in Microsoft.
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Traditional Microsoft model and its
originfrom MS-DOS

Microsoft's Bill Gates's dreamwas to create a personal computer for every citizenin
the world. It might be true now, but his ambition was visionary and very high during
the early 1980's.

With his ambition, Microsoft carries a great time line fromthe MS DOS of 1981 to
the Windows 10 operating system of 2015. It was a technol ogically inspiring path to
make his dream come true which is shown in the following timeline diagram:

2000 2001 2015
Win 2000 Wn)i:-‘ 'u'.nl[l
.

1981 98}' 993 1‘398 ECGD DC? ;\_m;_
MS5S-DOS Win 2 Win NT Win 98 Win ME Win Vista wWin &

Let us take alook at the smooth journey through Microsoft's major milestones and key
deliverables to the industry. Microsoft launched its first operating system named
Microsoft Disk Operating System (MS-DOS) in August, 1981. In terms of user
experience, it was not a sophisticated platform; instead, it was just a command-line
interface. During this course, Microsoft bought an existing OS from Seattle Computer
products for $75K.

Microsoft's first Graphics User Interface (GUI)-based operating systemwas
launched in the name of Windows 1.0 on November 20, 1985. It was built with a 16-
bit multitasking shell ontop of an existing MS-DOS install ation. Windows 1.0 had
the key features of limited multitasking. Aninteresting fact is that Bill Gatesinitiated
the Windows devel opment program after watching a demonstration of VisiCorp's
VisiOn.

Later, Windows 2.0 was rel eased on December 9, 1987, which allows application
windows to overlap. Interestingly, it was the first version to integrate the control
panel. Ontheflip side, on March 17, 1988, Apple filed alawsuit agai nst Microsoft
and against HP on March 17, 1988. Apple accused Microsoft and HP of copying the
Macintosh System, however, Apple lost the case.

On May 22, 1990, Windows 3.0 was launched with the key deliverable of the
protected as well as enhanced mode to run the Windows appli cation with reduced
memory. The key improvement was better memory management on the Windows
platform. This major contribution came from David Weise and Murray Sargent in
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1989.

In the history of Windows OS devel opment, Mi crosoft rel eased the first mgjor stable
version on July 27, 1993-Windows NT. It had an added val ue of portability to

multi ple process architectures as well as higher security and stability. As a side note,
Bill Gates hired David Cutler from DEC to design Windows NT.

The Start button is a revol utionary feature in the Windows platform. Windows 95
was launched on August 24, 1995 with the user methodol ogy and interface to
navigate into multitasked 32-bit architectures in addition to the support of 255-
character mixed case long files names.

On June 25, 1998, Windows 98 was rel eased with power and network management
improvements and USB support. From the end user's point of view, standby and

hi bernate modes were introduced al ong with the windows driver model (WDM) to
manage device drivers.

Windows 2000 was rel eased on February 17, 2000 with the addition of New
Technology File System (NTFS), Microsoft Management Console (MMC), and
Encrypting File System (EFS) active directory along with new assistive

technol ogies to support people with disabilities.

Windows ME (Millennium) was introduced on September 14, 2000 with the system
restore feature and improved digital media and networking tools. The ME version
had a tough time in the market, and it was heavily criticized for speed and stability
issues. In alignment with this issue, a PC World article dubbed ME as Mistake
Edition.

Microsoft came back with another stable OS named Windows XP on October 25,
2001. It had the stable improved task bar and Start menu along with better networking
features. XP had a newly improved user interface fromthe end user's point of view.
As the mgjor highlight, XPwas the first version of Windows to use product activation
in order to reduce software piracy.

After the success of XP, Microsoft was not up to their benchmark by the rel ease of
Windows Vista on January 30, 2007. Though Vista was introduced with Windows
search, sidebar, shadow copy, and integrated speech recognition, it was bombarded
with many criticisms like high system requirements, more restrictive licensing, new
digital rights management, and lack of compatibility with some pre-Vista hardware
and software.

The world's most domi nant (56%) desktop OS, Windows 7, was rel eased on October
22, 2009 with support for virtual hard disks, multi-core processors performance, and
an improved touch of handwriting recognition. The main intention was to respond
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with strong stabl e deliverabl es agai nst the criticisms faced by Vista.

Windows 8 was launched on October 26, 2012 with heavier integration of online
Microsoft services like SkyDrive and Xbox. In terms of performance, Windows 8
introduced a faster startup through UEFI integration. In terms of user experience,
Metro design and a new start screen (no start button) was introduced in the product.

The latest production version of Microsoft Windows, Windows 10, was released on
June 29, 2015. Asiits key features are the return of the Start button, integration with
Windows Phone, and a device-dependent interface. In terms of the emerging
Artificial Intelligence (Al) space, Windows 10 incorporates the Microsoft
intelligent personal assistant, Cortana. Take alook at the following diagram:

Worldwide 05 market share: December 2015

Windows £.1, 30.30%

WWimdmas WIS

In spite of along journey of three decades with so many ups and downs, Microsoft
still leads the world's desktop OS market share with over 91%. Isn't that amazi ng?
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Driving factor s of the open source
model

As discussed in the preceding section, three decades of the Windows platform
clearly indicates a closed source company. Interestingly, in the mean time, the
industry was travelling in the opposite direction with the open source model.

After few years of resistance to the open source model, Microsoft was ready to align
with the industry movement. Indeed, Microsoft initiated open sourcing more of its
own technol ogies such as parts of the .NET platform. The Microsoft open-source
strategy is focused to help their customers and partners to be successful intoday's
chall engi ng heterogeneous technol ogy world.

To make a safe landing, Microsoft's open source hosting website named CodePlex
beta was launched in May 2006, with the official launchin June 2006. After a
decade-long journey with CodePlex, Microsoft started moving its bigger open source
initiatives into GitHub, because GitHub has become the industry's popul ar distributed
version control and source control management system with a web-based hosting
service. Asaside note, GitHub's initial product version was released in April 2008.

Microsoft's CodePlex to GitHub strategy move boosted their growth and contribution
In the open source space. It made them exhibit a stunning turnaround to the open
source world; most importantly, backed up by Microsoft's serious support. You know
what?, Now Microsoft is the top organi zation with the most open source contributors
on GitHub. In fact, Microsoft beats Facebook, Docker, Google, Apache, and many
other competitors.

Though Microsoft has been working on open sourcing strategy since 2006, arapid
increase has been noticed in recent years. Apparently, it might be because of the
change in Microsoft's busi ness strategy and senior |eadership changes.

As mentioned in the previous section, it is pretty clear that Microsoft really does
love the Linux platform. As aresult, Microsoft is going to launch its flagship
enterprise database product SQL Server inthe Linux platform.

On seeking the last few years' of history of collaboration between Canonical and
Microsoft, itis very clear that Ubuntu is one of the first Linux distributions to get an
official endorsement to run on Azure. Thisis possible with a high degree of
collaborati on on many fronts among the engi neering teams of both the firms. Asa
meatter of fact, Azure-managed Big Data stack, HDInsight, is powered by the Ubuntu
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platform:

Microsoft Azure CodePlex membership
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The scorecard seen in the preceding screenshot gives clear facts about Microsoft's
Open Source strategy and the related industry contribution. The box in the top-left
corner showcases that 20 percent of the operating systems on Azure are based on the
Linux platform. With the collaboration effort, the open source operating systemis
aready contributing alot to Microsoft's bottom line.

Another dimension of metric is the rapid growth of the CodePlex membership. It
leads to triple time growth in four years, between 2010 and 2014. This success got
refl ected in Big Data Hadoop eco system. As the result, there are contribution of 30K
LoC (Lines of Code) and the effort of ateam of more than 10K engineers.

In essence, Microsoft has so many motivational factors to contribute towards open
source projects. It not only adds business value, but is also in alignment with the

industry changes.
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Twin tracksof .NET Framework and
NET Core

NET Framework evolved during the early 2000's as a competitive product agai nst
the Java platform. On the road map of .NET Framework, itis so interesting to
observe the twin tracks of .NET and .NET Core, whichis explained in the following
screenshot:

NET Framework 4.6 NET Core 5
CareCLR NET Native runtime

= = Jd 6 H-

Fually-fectured ond integeoted NET runlinme and Muogular ond optimized (NE T runtinmes and
btwaries for Windows libraries

Shared

XX Components ih% NLT Comples Pitiorm (Rostm

RyulT, GC SIMED AR i Cwalnan

Inanutshell, the .NET framework is marching forward with a closed source strategy,
whereas, the .NET Core strategy is towards open source.
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Comparing .NET with .NET Core

For better clarity, let me tabularize the various points of difference between these
two frameworks

Sr.No.

NET

.NET Core

Compl ete devel opment

As .NET is super set, .NET core will

on Windows platform.

1 environment for Microsoft : iy

NET Application. be a subset of the functionalities.
2 Closed source strategy. Open source strategy.

True cross-platform; supports all
3 Sr?lns onWindows platform major OSs like Windows, Linux, Mac,
Y and the like.
4 Proprietary compiler. Open source compiler, Roslyn.
5 Distributed with Windows. Distributed with Application.
, Open source hosting server Kestrel,

6 Hosting server 1S, runs only runs across multiple platforms beyond

Windows.

As web-based devel opment is so popular inthe current industry, it would be wise to
follow the timeline of .NET-based web application devel opment methodol ogies
since 1996:
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As depicted in the preceding timeline diagram, the Windows OS-based web
application started with the Active Server Pages (ASP) framework inthe year
1996. As .NET was stabilized in production during the early 2000's, ASPNET was
released in 2002. From then, there have been multiple flavors of ASPNET web
devel opment, like MVC, Webmail, vNext, and more.

Inthis great journey, the evolution of .NET Core ignited the evolution of ASP.NET
Core, whichis atruly cross-platformweb application devel opment method in the
industry. Infact, ASPNET reached maturity in 2016.

I'm sure the functionality and features of web app devel opment will migrate from
.NET to .NET Core as time progresses.
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Current stack of open source tools and
techniques

To highlight the adoption of open source tool s and techniques by Microsoft, Azureis
the best use case to describe here.

Azure clearly has become a multiplatform cloud. Indeed, 25 percent of Azure virtual
machines (VM) are now running Linux. As atop note, Azure now supports five
Linux servers as VMs: CoreOS, CentOS, Oracle Linux, SUSE, and Ubuntu.
Interestingly, Microsoft is in the process of supporting Docker and Kubernetes

contai ner management on Windows and Azure platforms.

Technol ogy experts at Microsoft, Mark Russinovich and Jeffrey Snover, started their
contributi on towards open source Chef, whichwas highly visible in ChefConf 2015
by Chef Software Inc.

Interms of the .NET platform, Microsoft's twin track is the clear winner of the NET
open source strategy. In this line, the Microsoft mobile devel opment framework now
supports Android emul ation as well.

In terms of efforts towards industry collaboration, cooperation, and contribution,
Microsoft is actively involved in open source consortiums like AllSeen Alliance,
OpenDaylight, and R Consortium. Historically, Apache is quite popular for the open
source strategy inthe industry. Now, Microsoft supports the Apache Software
Foundati on to encourage open source growth.

Some of the interesting tool s and techniques to observe are .NET Core, TypeScript, R
Tools for Visual Studio, Azure's Service Fabric, Visual Studio Code IDE, Team
Explorer Everywhere for Eclipse, Computational Network Toolkit for deep learning,
AlX tools you can use to build Al in Minecraft, and many more.

The next screenshot shows the current tool s and technol ogy stack towards Mi crosoft
Open Source Strategy. It covers the end-to-end sol ution between the infrastructure
and DevOps layers. This stack comprises of popular tools like Grunt, Puppet, Chef,
Jodiac, Eclipse, Redis, MySQL, Suse, and so on distributed across the multiple
layers of an enterprise application framework:
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On observing the strategic direction of Microsoft's recent moves, open sourcing
effort comprises of PowerShell, Visual Studio Code, and Microsoft Edge's
JavaScript engine. During the rel ease of Windows 10, Microsoft partnered with
Canonical to bring Ubuntu in the Windows platformfor the first time in history. Inthe
cross-pl atform mobile devel opment space, Microsoft acquired Xamarinto aid

mobi | e app devel opment. It doesn't stop here. They made an effort to make open
sourced Xamarin's SDKs for a broader reach in the industry. SQL Server onthe
Linux platformis on their roadmap too.
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Summary

Now, you are in a position to understand the various types of software devel opment
lifecycle processes used in the industry. They includes Waterfall, Spiral, Agile and
Scaled Agile framework. Also, you learnt the insight of each model along with the
comparison of few instances.

In the next chapter, we will discuss the enterprise practi ces in software devel opment
like mai ntai nability, reusability, testability, and performance optimizationinan
enterprise application.
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Enterprise Practicesin Software
Development

In the previous chapter, we learnt about the SDL C (software development life
cycle), whichis aterm used in systems engi neering, informati on systems, and
software engineering as a process. It elaborates on the various methodol ogies like
Waterfall, Spiral, Agile, etc. As part of the best practices used in Enterprise software
devel opment, the essential parts are covered inthis chapter. Therefore, this chapter
will cover the following points:

e Application Lifecycle Management (ALM)

Modern source control repositories such as GIT, TFS, and more.
Visual Studio Integration with source control component
Creating custom project templates for .NET Core applications
Measuring performance using Visual Studio

This chapter will give you an understanding about the enterprise practices in the
software devel opment life cycle along with the popular ALM tool s and techniques.
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What ISALM?

ALM stands for Application Life Cycle Management. It is an industry-recogni zed
process with a series of activities or steps used to devel op a new enterprise
application or modify the existing software.
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Core aspects

With the core aspects, ALM can be divided into three distinct areas, namely:

e (Governance
e Development
e Operations

WL
DevelopTne® )
-

Let me illustrate the three core aspects with a simple example, that is, the iPhone's
launch by Apple.

Governance encompasses all of the decision-making and project management across
the entire firm. In our example, Apple runs the iPhone's busi ness from the conceptual
idea to the production roll-out of its multiple versions.

Devel opment is defined as the process of creating the actual application. Practically,
the devel opment process reappears several timesin an application's lifetime in the
mgj ority of enterprise applications. It involves both for upgrades and for wholly new
versions. Inour context, Apple releases multiple versions of the new iPhone, such as
4,5, 6, etc. Inaddition, Apple launches periodic upgrades for existing i Phone
devices.

Typically, operationis the work required to run and manage the application. It begins
shortly before deployment and then runs continuously. As per our illustration, Apple
provides after-sal e support to resol ve any maintenance issues for the end customers
of iPhone products.
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ALM vsSDLC

It is common to equate ALM with the SDLC. Thisis because ALM is constructed
around the SDLC's following core phases in an enterprise applicati on devel opment
process:

Requirement phase
Design phase

| mpl ementati on phase
Testing phase
Producti on phase

Project
Management

Release
Management

Requirements
Management

Application

Life cycle
Management
(ALM)

Quality
Assurance &
Testing

Design &
Architecture

Development

By design, the ALM framework is not devel oped from scratch; it is built around the
SDLC framework. At the same time, ALM is considered more than the SDLC model.
However, ALM being more advanced than the SDLC, its simple approachis still
considered limiting.

With reference to the previous pictorial representation, the three core aspects are
initiated with devel opment as the first part of an application's life cycle. Astime
progress, the applicationis updated periodically so that it syncs with the | atest
features:
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Practically, any software devel opment life cycle is kickstarted only after the business
case's approval . With the evolution of the IT industry, the software devel opment
methodol ogies have been changed into various levels. The main shift focuses on
shorter and multiple iterations, instead of one huge and complete single cycle. Inthis
context, the image depicts the expansion of SDLC's parts in the devel opment life
cycle. As aresult, this modern process exhibits software devel opment as a series of
iterations. In each sub-process/iteration, it contains its own requirement definition,
design, devel opment and qual ity assurance testing activities.

This solutionis not the silver bullet for every problem statement. Neverthel ess, this
iterative approachis still better than the traditional execution method, whichis
becoming the normin many areas.

Let meillustrate with areal world example. As the concept of cross-platforms
picked up during the mid 1990s by the Java community, Microsoft started working to
rel ease its competitive product, namely, .NET Visual Studio, which was marketed as
a.NET developers, IDE (Interactive Development Environment) and so it was
terms as vision for .NET devel opment tool .

As depicted inthe previous image, Visual Studio's product governance kickstarted at
theinitial time of the product's devel opment, and so the timeline of governance runs
from beginning to end inlife cycle. This means Visual Studio governance started with
Visual Studio 2002 on 13 Feb 2002, and has continued until Visual Studio's | atest
release on 1 Feb 2017.

In terms of devel opment, each version of Visual Studio runsinanindependent SDLC
cycle. As per the previous picture, the development cycle is segregated into multiple
stages or versions. Thisis depicted inthe middle layer of the previous image.

The operation process actually starts on the eve of the first SDLC process's
completion. Thisisreferred to as a Professional Service inthe product life cycle.
Customer support service is key throughout the operation step. In our exampl e,
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Microsoft launched Visual Studio's operationwithits first rel ease in 2002.
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Source Code Control System

The Source Code Control System (SCCS) isan early version control system. It was
devel oped with the archiving and versioning of program source code and other text
filesinmind. The original development was in SNOBOL at Bell Labsin 1972 by
Marc Rochkind for an IBM Systeny370 computer running OS360 MVT.

SCCSis primarily used to promote the collaborative devel opment process with
seamless effort. It is a software program that supports devel opers working together
while maintai ning compl ete history.

The main purposes of SCCS are listed as follows:

e To allow the devel opment community to work simultaneously
e To avoid the overwriting of each other's work in a collaborative team
e To maintain the compl ete history of multiple versions

There are afew SCCS available on the market. In this chapter, we are going to deal
with two major products, namely, Git and TFS.

As TFSisthe leading SCCS product from Microsoft, Git is a free GNU software
distributed under General Public License version 2.
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Git

Gitis apopular open-sourced Distributed Version Control System (DVCYS). Here
IS the design of a Git product for your understanding.

Git consists of three main statesinits design. They are:

e Committed
e Modified

e Staged

The committed state refers to data safely stored inthe local database. Modified is
rel ates to change in the file/data that have not yet been committed to the database.
Staged refers to marking a modified file inits current version to move it into the next
commit snapshot.

Git has three core states. These defined states |ead i nto the execution section's three
categories, namely:

e Git Directory
e Staging Area
e Working Directory

To start with, the Git Directory a storing place for persisted meta data and its rel ated
obj ect database for the relevant projects. Asitisleveraged to clone a particular
repository from one computer to another, it is ahighly important component of any
Git product.

The Staging area is atemporary placeholder, and is usually the file contained in
your Git directory. It persists the information about the list of changes to be
committed in the next commit cycle. It is often known as an index.

The Working directory is a placeholder for checking out the version content of a
relevant project. Involved with the core process, these fil es are extracted from the
original compressed database in the Git directory. Then, the extracted readabl e files
are placed onthe local disk of the end customer. Later, the end user canthen use it for
their own purpose inthis working directory:
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Working Staging Git Directory
Directory Area (Repository)

< Check out the project

Stage Fixes :>

N

Commit

The basic Git workflow is demonstrated in the following diagram:

h 4

With a good understanding of Git's basic concepts, we can now explore the
fundamental s of Microsoft's TFS product.
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TFES

In the modern social computing world, collaboration is one of the key factors for
success in the business. The Team Foundation Server (TFS) is a set of tools and
technol ogies designed by Microsoft to enable and promote col | aboration within the
project's team. TFS co-ordinates team efforts either to build a product or to compl ete

the project execution:

Develop

iy
Mext
version

F

Production

255
Check in

U
i)
Approve

S

Build

Release
created

=

Test

TFS contains a key modul e to support the version control system. By design, it
manages the multiple revisions of source code, documents, work items, and other
critical information related to the devel opment project. It increases discipline among
the team so as to streamline the version control process. Its features are listed as

follows:

Group/single
Check-in

Shelving

Branching
and merging

TFS

Check-in
Policies

In terms of end customer usage, TFS provides two methodol ogies to connect with
external systems. They are based either inthe GUI (Graphical User Interface) or

command line.

In system design, authorization allows user access based onan assigned role. Ina
similar vein, TFS has two level s of authorization based on the product usage. They

www.EBooksWorld.ir



are.

e Contributor
e Administrator

Contributor is normal user privilege, where users have access to add, del ete,
modify, and maintain the records of all changes applied to the underlying file source.
It is considered as a normal user mode with the basic functionalities of any version
control system.

In contrast, Administrator is regarded as a super user of the system. Typically, any
administrator manages the version control server by mai ntaining the integrity of data
stored onit. Interms of the TFS product, the administrator has the privilege to
manage the workgroups, permissions, setup, and check-in policies.
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GItvsTFS

In general, the Version Control System (VCS) of any development modeis built
locally. Inan enterprise mode, VCS are broadly categorized into two types, namely,
centralized and distributed/decentralized version control systems:

@ git) 1 | (>g)

Git and TFS are typical products of two models. After comparing the two model s, the
functionality differences are presented as follows:

S.No. | Git TFS
GitisaDistributed Version Control L e

1 | System(DVCS). Changes are IIFS 'S gétes;’izm based and not
distributed between users. '
By design, creating abranchis , :

: . Creating branches is very

2 e_xtremel y quck and cheap, with very expensive on multiple resources.
little overhead.

3 In terms of cost, Gitis an opert Microsoft's license product.
source product.
On changing the file content, Git As TFSis based onfile-system
detects the hash difference and marks | properties, itis essential to check
the file for check-in. During the out afile beforeit can be

4 check-in process, only the changed committed. If you overwrite that
content goes up. Itismorelike a file without checking it out, TFS
snapshot of the data and its will not be able to detect a
difference. change.
If you create 10 branches froma
trunk, you are just referencing a Creating 10 branches from

5 snapshot, so the branches take up productionis essentially copying
bytes of data instead of duplicating that folder 10 times.
the data over.
Git supports the concept of rebasing | TES simply storesiits changes as

6 or pullingin changes fromthe trunk | duplicate files on a server; not
or even multiple sources. rebase.
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Visual Studio I ntegration

After comparing TFS and GIT, any decision should be based on afew key factors,
such as the size of a codebase (LoC - Line of Code), team si ze, and team di stribution
(by geographic location). On analyzing the previously listed strengths and features,
that decision is made easier.
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Team Foundation Ver sion Control
(TFVC)

TFVCisacentralized version control system. While it works well for small teams
with small code bases, TFVC is capable of scaling to support very large codebases
(millions of files per branch with server workspaces) and it handles large binary
fileswell. TFVC provides granular permission control, allowing teams to restrict
access downto afilelevel if needed. Since all contributions are checked into the
central server, itisvery easy to audit changes and identify exactly which user has
committed a given code change.
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Git

Gitis adistributed version control system where each devel oper has a copy of the
entire source repository. Having alocal repository means that Git works well in
environments where devel opers need to work without connectivity. It also offers a
simpl e branching model that enabl es devel opers to quickly create local and private
branches, enabling flexible workflows. Git also works well in modular codebases
where code is distributed across many repositories.

Ultimatel y, much of the decision about which version control systemto use is about
preference. However, both systems are equally capabl e for the mgjority of teants; it
IS up to the teamto opt for the right choice. Based on the use cases and business
scenarios, TFS or Git is selected as the version control system for the enterprise
system.
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Developing .NET Core project
templates for enterprise applications

Software devel opment companies usually devel op their own architecture and
frameworks for different kinds of projects and in-house products. Depending on the
nature of the application, different types of frameworks and architectures are
developed. There are Single Page Applications, multi-page applications, Web APIs,
Windows services, and so on. These customi zed frameworks are devel oped by
architects or lead devel opers to facilitate devel opment efforts and maintain best
practi ces.

We have seen that whenever a new project is started and we warnt to reuse the
existing framework or architecture of some other project, we usually copy files and
tweak them to make them usabl e in the current project. This practi ce sometimes
becomes a cumbersome process for devel opers when copying files and removing
unnecessary code to make it usable. What if we have a ready-made templ ate
availablein Visual Studio, or some other tooling support that generates the basic
boilerplate code and scaffold project?

Inthe .NET world, we can devel op custom templ ates that can be used to create
projects using the same framework code for which the template was created. That
customi zed templ ate then scaffol ds the code and creates files and references which
were part of the framework, enabling devel opers or architects to focus on the

| mplementation detail s rather than configuring and copying the files manually from
previous proj ects.

There are various methods used to create templ ates for .NET Core projects. We can
use VSIX, .NET CLI or Yeoman to create custom templates. The difference between
VSIX and .NET CLI isthat VSIX is an extension which can be installed as a project
template in Visual Studio, where as .NET CLI and Yeoman provide a command line
experience for creating projects. In this chapter, we will learn how we can use the
.NET CLI to create custom templ ates.
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Creating a custom .NET Core project
template using .NET command-line
interface tools

Microsoft isworking well to make the NET CLI experience better for devel opersto
create, build, and run projects through the command line interface. You caninstall the
NET CLI using native installers or use the instal | ation shell script.

Oncethisisinstalled, we can go to the command prompt and run commands like new
to create a new project, restore t0 restore NuGet packages defined in your project, run
to run the application, wui 1 4 to build the application and so on. With this, we don't
need the Visual Studio IDE to create, build, or run our project, and we can use Visual
Studio Code or any other editor to build our application.

Microsoft has recently introduced and is working on a newer version of .NET CLI,
and in the RC3 version alot of improvements and templ ates have been made
available for you to choose and create projects from. To create custom templ ates we
need to have at least version RC3 or above installed on our machine. To install the
|atest build, please refer to the following link:

https://github.com/dotnet/templating.

The latest build uses the dot net news command to create projects. Once thisis
installed, you can type dot net news 0N the command prompt and it will show you the
number of templates install ed.

Creating atemplate is far easier than creating a new extension. It only requires a
.tenpl ate. confi g fOlder to be created at the root of the solution or project fol der,
depending on how many files or folders you want to port, and atenpi ate. j son file that
will define some metadata about the templ ate.

Suppose we have an enterprise application architecture ready and we have
customized it to bring OWASP security practices, design patterns, and other
framework-related code and we need to reuse that project as a templ ate for future
projects. We can do that by creating a . tenpl at e. conf i g folder at the root of our solution
folder, as follows:
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Aemplate.canfig

SIC
& EAWebApplication1.sin
c'J global.json

Then, we will create at enpl ate. json fileinsidethe .t enpl ate. config fol der, whose
markup will be as follows:

{
"author": "Ovais Mehboob (Ovai sMehboob. com ",
"classifications": [ "Wb", "WebAPI" ], // Tags used to
search for the tenplate.
"nane": "EA Boilerplate ASP. NET Wb APl ",
"identity": "EA Boilerplate. WebApp", // A unique ID for
the project tenplate.
"short Nane": "eawebapi", // You can create the project
using this short nane instead of the one above.
"tags": {
"l anguage": "C#" // Specify that this tenplate is in C#.
H
"sourceNane": "EAWDbApplication", // Narme of the csproj
file and nanespace that will be replaced.
"guids": [ // Quids used in the project that will be
repl aced by new ones.
" 8FBE597A- CFF6- 4865- B97A- FCE69005F098" ,
]
}

Next, we can use the following command to install this template inthe .NET CLI
tool:

|dot net -i "Path of your project"”

We can then create a new project by executing the following command:

|dot net newd eawebapi
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Performance measuring for .NET
applications

Inthis section, we will learn what factors we should consider while measuring
performance for .NET applications. We will learn what the performance metrics are
and how we can utilize different tools in Visual Studio to measure them. We will
discuss Ul responsiveness, CPU and memory performance metrics, and how to
analyze memory |eaks.

When any application faces performance bottlenecks, the first thing to identify is the
root cause of the area whichis causing that bottleneck. Usually, when anything
happens on the performance side, devel opers or architects immediately jump into
rectifying that i ssue by optimiz ng different ends. However, in doing that, the
bottleneck remains still exist. Measuring performance is essential before undertaking
any steps for optimization. We should spend time on identifying the root cause before
opti mi zing the application code or other areas.
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CPU utilization

Applications that do alot of CPU work are known as CPU-bound applications.
Applications that involve alot of 1/O, object locking, threading, image processing, or
any other task that involves CPU utilization are termed as CPU-bound applications.
To monitor the performance of CPU-bound applications we can use tool s like
Sampling and Instrumentati on.

Sampling is done by running some flow of an applicati on then aggregati ng themwith
multi ple users to know the percentage measure of application performance and CPU
utilization whereas Instrumentati on i s monitoring the exact chunk of code being
executed followed with the time taken during execution. Thisis more detailed level
but to carry out this operation we need to modify or change application's code to
capture this information which is al\ways not possi bl e for applications hosted on
production servers.
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Using the Sampling method in Visual
Studio to callect performance statistics

When you start sampling on your application, it collects information about the
methods that are executing in the application flow and provides a summary as a
result. Methods that are heavily executed during the execution cycle become part of
the active function call tree known as Hot Path. Once the test is completed, it
generates the timeline graph that you can use to ook for the bottl eneck.

InVisual Studio 2015 or greater, we can start the sampling process by going to
the Analyze > Performance Profiler... menu. Make sure the configuration is set to
rel ease mode.

Once you run your application, it starts recording your application flow and
identifies the Hot Path. You can perform operati ons on your app that can produce
performance issues and then stop your application and profiler:

Performance Wizard -- Page 1 cf 3

[ L[ Lgl |

LY Specify the profiling method

Profiling your application can nelp diagnose performance problems and idertify the mos? ccmmon
expersive methads in your applicstion. To begin, chozse a profiling method “rom the optizns
belaw.
What method of profiling would you like to use?
(# CPU sampling {recommended)

Menitor CPU-hrund applications with low overhead
> Instrumentation

Mzasure furctior call counts and timirg

(_ .MET memory allocation
Track managsd memory allocaticn

{_} Resource contention data {concurrency)
Del=cl thieads wailivg for olher heads

Bead more aboul profiling melhods

MNoxt = Hinisn carccl

To get the sampling profiling result, choose the CPU sampling and finish. Thiswill
run the profiler in the background and open up an application where you can perform
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any action and execute any scenario. Once you close your application, a profiling
report will be generated.

Profiling report shows three sections that are Sample Profiling report, Hot Path, and
Functions, which do most of the individual work. Sample profiling report displays
the graph shows the CPU usage in a percentage at a particular time. Hot Path tells
you which code path inyour applicationis responsible for most of the CPU
execution. Hot Path displays the Inclusive and Exclusive samples. Inclusive samples
are collected during the execution of the target function and contai n the samples of the
child functions that are executed, whereas excl usive functions do not contain the child
functi on execution and contai n the direct execution of the instructions executed by the
target function. We can also click on any of the functions bei ng executed to see the
code that has taken that time.

Here is Hot Path showing that 100% execution time was done on cet bat a Method:

Hot Path
ST Hame IRCENE MMDIES T ERTses SmEles &
alts Lo o] TMILES Thie prenir
= LorsucieSpplHicgiam b an TS AL
d= o pp T dalsbasebdanager Dl e TRIED 1AL
b [coreclr.dif] a6.21 &6.21
Bolied Wiewns  Call T Fonclizee

We can click on GetData to see the compl ete function call and the code being
executed:

Calling furkticos Ii} Current function l::}-' Called tunctions

e EE R
|
l {ErpL s o [T 1 TR ]
|
s

Falarad Weawss Callenfalles FRnsians Perbnmaines msttie  Induses hampics 5, ™

Functlon Code Vcw

skl s e Taen Ak s e e

i1 public List<otrings Botlazald
1
imlenlr gy el = pwa il galeinpa(i;
sl o= Cn 1Smruioe]);

rwblarrie lalk,
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Measuring Ul responsiveness

User Interfaces are the core essence of any business application. Business
application could be a desktop-based application, web-based, or a native application
that runs on mobile. Measuring Ul responsiveness is an essential practiceinan
enterprise world to make an application more responsive by emending Ul-rel ated
issues and providing users a better experience. Desktop applications or native

mobi | e applications have one Ul thread that |ocks user access until the current
request is processed. It could be a huge database call or any other backend
processing like image or file that locks the Ul thread. Thus, give bad experience to
user.

To measure Ul responsiveness, we can use the Concurrency Visualizer extension of
Visual Studio that can be added in Visual Studio IDE from extensions and updates.
This is not supported for web projects but provides tabular, graphical, and textual
data to represent the rel ationship between your application threads and the system
where applicationis running on.

To run Concurrency Msualizer you can click on the Analyze >

ConcurrencyMsualizer option in Visual Studio, where you can start a

new process, attach an existing one, and so on.

yi1:0 The Concurrency Msualizer extension for isual Studio can be
installed fromthe Misual Studio market place (http:/marketplace.visualstudi
o.com).

Onceit runs, it starts anal ysing your system Ul and provide detailed results like
utilization, threads and cross-core thread migration, delays in synchronization,
overlapped I/O operations, and much more. Here i s the sampl e screenshot of the
report it generates after running an analysis on a particular application:
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Analysing memory leaks

Sometimes bad design and pitching something on producti on without prior testing or
code reviews embrace qual ity issues. Memory leak is one of the most common
factors in software that increases the memory, where often, restarting or killing the
process is the only possible sol ution.

Memory leak is atype of resource |eak inwhich the application does not manage the
memory property and does not deall ocate or dispose the objects from heap storage.

In the managed world of .NET, GC (garbage collection) is done automatically by the
CLR fromtime to time and devel opers don't follow the practice of disposing objects
and often rely on the GC to free up memory. However, thisis not always a good

practi ce with enterprise-level applications or that involve alot of Disk I/O,
Database, and other related operations.

Memory |eaks for managed .NET applicationis alot more complex to identify, but
there are certain tool s that hel p to diagnose the memory leaks in an application.

When we run the managed .NET application, four types of heaps memory are created
to store the objects as follows:

Type of Heap Description

Code heap Stores the actual native code instructions when the JIT is done
IS' nell object Stores objects that are less than 85K insize

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

Process heap Process wise heap starts for IMB and expands

NET maintains a compl ete data structure on Stack, where all the primitive data types
are stored and the addresses of the objects stored on heap. Thisis used by the .NET
to determine the program execution. Internally, when a method is called, .NET
creates a contai ner that contains all the informeation rel ated to the method parameters,
variables, and lines of code that will be executed for that method. If that method is
calling another method, a new container is created and stacked on top of it. On the
other hand, when the method compl etes, the contai ner is removed from the top of the
stack and so on.

When the GC runs, it checks for the objects all ocated on heap storage but not
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referenced by any other object of program execution. Other than in the stack, there are
more references where GC checks for the objects are Static or Global object
references, Object finalization, interop references, and CPU registers. These
references are known as GC Roots. Garbage coll ectors traverse the GC Roots tree
and check each of the objects being used and if there are no references freed up from
memory.
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| dentifying memory leaks

There are various tools like JetBrains dotMemory, PerfView, and others to analyse or
identity memory leaks for performance. dotMemory is a very good tool but requires a
license for commercial use. Inthis section, we will use Perf View and see how
memory |eaks can be identified.

To install PerfView, you can go to Microsoft download centre site, https/Avww.microsoft.c
om/en-us/download/details.aspx?id=28567, and downl oad.

Itsasimple. 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 while your applicationis
running without affecting or freezing the application performance.

Another important tool is the VMMap, which shows compl ete i nformeation, such as
size, committed, private, and other information rel ated to storage for a particul ar
process. After running VMMap you can sel ect the process for which you want to
know the GC Roots storage i nformation as follows:
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Thistool is good to get the glance view storage allocation, but to rectify the exact
area where the problem persists we will use PerfView.

To take a snapshot from PerfView, run the PerfView and click on Memory > Take
Head Snapshot option:
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Max. Dump K Objsisthe total size of the objects snapshot will be taken. If the sizeis
big, PerView automatiaclly performs Heap Sampling and extracts the maxi mum of

250 K.

Force GC is an option fromwhere we can explicity run GC to perform garbage

collection.

Dump GC Heap takes the snapshot and stores it your PerfView for further analysis.
You can take multiple snapshots and compare the differences:

(24 PerfView D:\Setups0\PerfView (Administratar)

File Collect Memory Size Help Main View Help (F1)

DA\Setups0\PerfView - I

Eilter:

-] dotnet.1.gcdump
dotnet.2.gcdump
dotnet.3.gcdump
dotnet.gcdump

Welcome to
Perf\iew is an
Pressing the F1
Perf\iew see ti
bug report, seq

If you are new
minutes to wal

Optimizing Ti

You can open adump file, and it opens up the GC Heap viewer that provides alist
of aggregate stacks encountered during sampling. It includes the methods frames that

were captured during sampling:
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The important col umns to note are Exc%, Exc, Inc%, and Inc. Exclusive represents
the time spent on a parti cular method, whereas Inclusive represents the exclusive
time plus the time x in the methods. We can also drill down each object and see the
child objectsinthe tree.

Thisisagreat tool to identify memory leaks, and to |earn more you can refer to the
Channel 9 video at the following link:
https.//channel9.msdn.convSeries/PerfView-Tutorial.
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Summary

Now, you will have learnt the important aspects and best practices of applicationlife
cycle management, popular ALM tools, custom templates for .NET Core
applications, and how to measure the performance of .NET applications using Visual
Studio in an enterprise software devel opment process.

In the next chapter, we will discuss how to implement layered architecture using
ASPNET Core and client-side frameworks.
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L ayered Approach to Solution
Architecture

There are various approaches when devel oping a sol ution architecture, and it is

i mportant to note that compl exity should only be added in the architecture whenitis
required. Adding complexity to the architecture is not a bad practice and is
acceptableif it solves a particular need or reduces the devel opment effort for

devel opers during the devel opment life cycle. In alayered architecture, the
application consists of various layers, namely, presentation, service, business, and
data access layers, and every layer is responsible for serving specific tasks.

The layered approachis one of the widely used approaches in devel oping enterprise
applications. In this chapter, we will study some of the core concepts of layered
architecture and also devel op an architecture using .NET Core to discuss this topic.

In this chapter, we will focus on the following topics:

e Discuss the following layersinlayered architecture:
e Presentation |ayer
e Service layer
e Business layer
e Data access layer
e Implement a practical implementation of each layer using .NET Core, ASPNET
Core, Entity Framework, and Angul ar
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L ayersin layered architecture

An enterprise application consists of various layers. Each layer is independent and
fewer dependencies on the other |ayer that makes it more pluggable and easy to
mai ntai n. Communi cation with other |ayers can be made through interfaces that
encapsul ate the logic or implementati on detail s from the calling layer. Normally,
busi ness applications are n-tiered and logically divided into the presentation |ayer,
service layer, business layer, and data access layer. The benefits of layered
architecture are as follows:

e Itisaloosely coupled system

e Teams canwork on different layers, in parallel, with minimal dependencies on
other teams

e Changes to any layer interms of technology or business logic have little impact
on the other layers

e Testing can be done easily

Data Acoess Layer
' |Data Persistence
Classas)

Presentation Layer Sarvce Layer Busingss Layer

[Wlaws]. [sapvieas) [Eusinass Logie)
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Presentation layer

Thislayer contains all the user interfaces of an application. Interms of ASPNET
Core, it contains MVC controllers, views, static files (images, HTML pages),
JavaScript files, and other client-side frameworks like Angular, Knockout, and
others. Thisis the frontend layer with which the user interacts. Keeping this layer
separate facilitates upgrading the existing interfaces or design without making any
changes to the backend layers.

There are some architectural principles which should be followed when designing
the presentation layer. A good presentation layer design can be achieved by
following these three principles:

e First of al, our data should be separated from view and use patterns like MVC,
MVVM, or MVPto address separation of concerns.

e Separate teams should work on the Ul and business layer simultaneously.

e Minimize the application |ogic separate from the presentation layer -- the
presentation layer should only contains forms, fields, validation, and rel ated
checks. All server-side logic should reside on the business layer.
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Service layer

The service layer is the mainlayer, which connects the presentation |ayer to the
business layer. It exposes some methods through class libraries, Web APIs, or web
services used by the presentation layer to perform certain operations and access data.
Moreover, it aso encapsul ates the business logic, and exposes post, cet , and other
HTTP methods to perform certain functionality. There are few advantages of keeping
it web-based instead of making it a shared library project.

The following tabl e shows the advantages of both a web-based and a shared library:

Advantages

Web service (Web API, WCF, Web 1
Shared library (POCDS)
servires)

Technology agno:stic - any CONSWIMEL CAl — e
Mo Intermnat connection is required
ac000Es

Code cannot be decompiled Mo serialization overhead
Lasy upgrades or bug fixes mo risk of forgery
Sidlalle Higbwer peclorindnce 45 Ldlive code is called

T There |5 no downtlme of servlee Impacting the
centralzed deploymenrs

(RLTE TR [

The service layer can al so contain methods that do not call the business layer, but are
hel per methods or common methods, which are used by the presentation layer and
other consuming parties to the achieve desired functionality. For exampl e, the service
layer can contain a method that takes a list of strings as a parameter and returns a
CSV (comma separated value) string where this operati on does not require any
backend database operation.

Securing services is highly recommended when building enterprise applications;
keeping the endpoi nts open |eads to counterfeiting of the data from unauthorized
access. With ASP.NET, this can easily be achieved by authenti cating the user using
the ASPNET security mechanism, protecting resources i mperatively through the
Authorize attribute or custom policies. The service layer isthe primary layer that
exposes data to third-party sources. Therefore, logging and transactions should be
properly addressed.

There are various approaches to i mplement the Service layer using the .NET stack.
We can use Web API, Service Stack, WCF, and POCOs to create the service |ayer.
However, with NET Core, we can devel op services using Web API, Service Stack,
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and the POCOs libraries. Whereas WCF can be developed on .NET 4.5 or earlier
versions of the .NET framework, proxies can be created using WCF Connected
Services.
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Business layer

The business layer is the core layer inthe |layered architecture. It contains the actual
logic of the application and manages the events that trigger from the presentation
layer. There are different approaches when buil ding the business layer and every
approach is dependent on the scope and timeline of the project.

Let's discuss a few patterns that are highly used when designing or architecting the
business |ayer:
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Transaction Script pattern

With this approach, the business layer provides simple public methods to performa
particular functionality. Thisis a procedural approach, where each method represents
the corresponding operati on taken on the presentation layer. For exampl e, the

subni t vendor action may have a corresponding method in the business layer such as

O eat eVendor @Nd SO ON.
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Table M odule pattern

In this approach, each class represents one entity, used to perform CRUD (create,
read, update, and delete) operations on the table. Considering the .NET stack, we
mostly used the pataset and pat atabl e ObjeCtS, that is bound to the particular table inthe
backend database.
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Active Record pattern

With the Active Record pattern, each instance of the class represents a database row.
So, if we have an instance of the class that is representing a particular row, we can
use that instance to perform CRUD operation on that row and this can be

implemented using Entity Framework or other ORM (Obj ect Relational Mapper)
tools.

If you have noticed in the Entity Framework, every class is bound to a consequent
table, and contai ns properties that are tightly bound to the table columns. Withthis
pattern, each POCO class represents a database row and contains a key and other

properties to represent that row.
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Domain Driven Design (DDD) pattern

Domain Driven Design is a complex pattern, but not tightly coupled with the backend
database. Inthis approach, classes are structured in such away as to represent the
entity of the domain and not the table. For example, if we are going with the DDD
pattern, we may have three tables--User, Address, and Profile, which represent the
company's employee as a domain entity. Thisis a good approach, however, it

takes sufficient time to understand and structure the domain entities. It represents the
busi ness |anguage and hides the logical details from the presentation | ayer.

www.EBooksWorld.ir



Data access layer

The DAL (data access layer) is the core layer that interacts with the backend
database. There are certain core classes we devel op, which communi cates with the
database, manage connections and execute the CRUD operations. Certain patterns can
be implemented to minimi ze the redundant effort of opening and cl osi ng connections
and applying transactions that can be encapsul ated through a simpl e interface and
used by the business layer to perform CRUD operations. The most widely used
pattern for this layer is the Repository pattern, whichwe will explore later inthis

chapter.
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Objectives of layered architecture

The objective of layered architecture is to provide separation between each | ayer.
Each layer should be designed in such away that it has very little, or no impact on
the other layers. There are different techni ques to achieve decoupling between layers
and interfaces are one of the techniques that are primarily used. Instead of using the
concrete implementers, we use interfaces to communi cate with the other layers and
the changes do not impact on others. For example, there are cases where we may
want to change the database engine inthe DAL and instead of using SQL Server we
can choose Oracle. Or, inthe case of the Ul, we may want to change the Web Forms
framework for an MVC framework. Good architecture always provide this
decoupling and reduces dependencies.
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Practical implementation of layered
architecturein .NET Core

So far, we have learnt the core concept of layered architecture and the usage of each
layer. To elaborate and study more about the best practi ces and design patterns used
to implement layered architecture using .NET Core, we will develop an enterprise
application architecture and take a simple tenant website.
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Scope

We will take a scenario where customer is atenant and is already registered. The
customer uses the TM S (Tenant Management System) to lodge service requests. In
this chapter, we will implement the basi ¢ Service Request formand primarily focus
on the architecture. You can try and compl ete the rest of the i mplementati on from the
code provided with this book.
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L ogical architecture

Logically, our solutionis divided into five projects. The followingis the architecture
diagram showing how each project is lined up and represents each layer of the
|layered architecture:

Presentatian Layer
EA TS Webdpp
HSPNET Cora, Angular 2, TypeSerigt, Ievadeript, ste

15 . Businessiayer
MET Core, Managers

EATME Datafcoess
MET Core, Entity Framework Core, Repasitary, WritQfWark

Following is a description of each layer in our project:
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Presentation layer

Web application project is named as ea m™vs. webapp. Thisisan ASPNET Core project
and contains views, Angular components, and TypeScript files to interact with the
service layer to perform HT TP operations. It also provides user authenti cation using
the CAS (centralized authentication system) system, devel oped in Chapter 10,

Security Practices with .NET Core, to authenti cate users and provide authorized
access.

www.EBooksWorld.ir



Service layer

The service layer project is named as ea ™. servi ceapp. Thisisan ASPNET Core
project and contains Web APIs. Thisis also protected using CAS. This service layer
interacts with the BL (business layer) to perform business functionality.
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Business layer

The business layer project is named ea Tvs. Busi nessLayer. ThiSiSa.NET Core class
library project and contai ns business manager classes to implement business
requirements. Thiswill call the data access layer to perform the CRUD operations.
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Data access layer

The data access layer project is named ea . bat aaccess. Thiswill bethe .NET Core
classlibrary project. Inthis project, we will implement Repository and Unit of Work

patterns and define our custom Data Context class to use with Entity Framework
Core.
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Common layer

The common layer projectisa.NET Core class library project and we have named it
EA Tve. common. TS 1S shared between all the layers.
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Setting up the environment

To set up our devel opment environment, here are the list of pre-requisite setups that
we need to run on our machines:

1.

o~ w

Install Visual Studio 2015 or 2017 from https/wvww.visualstudio.com.

Visual Studio is also available for Mac now and you can download it
from the same link as mentioned above.

If using Visual Studio 2015, make sure Update 3 isinstalled. Thisis needed to
work smoothly with Angular, which is based on TypeScript 2.0.

Install the latest .NET Core version from httpsy/www.microsoft.com/net/core.

Install TypeScript 2.0 for Visual Studio 2015 or alater version.

Install Node 4 or later. You can check the version by running the command node -
v at the command prompt.

Aswe will be developing an SPA (Single Page Application) and using Angular
as the frontend client-side framework, we have the option to either configure it
onour own, or install aVisual Studio extension for Angular, which makes the
basic boilerplate configuration simple. In this chapter, we will develop aweb
application project from scratch without using ready-made extension.

Another way to create projectsis using the NET CLI tools. The new .NET CLI
tooling provides certai n templ ates that you can use to create projects by running
simple commands through a command-line interface. The main benefit of using
these tool s is cross-platform. We can use these tools in Linux, Mac, and
Windows operati ng systems to create projects and use Visual Studio Code, or
any other editor, to write code.
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Creating the solution

Once our devel opment environment is setup, we will start creating the layers as
follows.

www.EBooksWorld.ir



Creating the common layer

We will start by creating the common layer first. Thislayer isthe common layer and
is referenced by all the other layers. It contains some core classes and hel per
functions which will be used by each layer. The data access layer will create a
database from the entities defined in the common layer. The business layer will use
the entities and busi ness obj ects defined in the common layer to perform data

mani pul ations and the presentation layer will use it to bind the model s with the
views.

To start with, create anew Class Library (.NET Core) project. Onceitis created, we
will add afew entities specific to the Tenant Management System:

Fudd Maw Prgjucl i k)
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The following entity will hold user profile information and is derived fromthe
1denti tyuser Class provided inthe ASP.NET Core Identity Framework. We will use
ASPNET ldentity Core and Identity Server to perform user authentication and
authorization. To learn more about Identity Core and how to configureitinan
ASPNET application, please refer to chapter 10, Security Practices with .NET Core.

Here is the code of the appli cationuser Class:

public class ApplicationUser : ldentityUser
{
}

Normally, when designing the entity model s, all the generic properties should reside
under the base entity. So, we will create asaseentity class, whichwill be inherited by
all child entities.

Hereis the code for the gaseentity Class:

{

public abstract class BaseEntity
public BaseEntity()
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this. O eatedOn Dat eTi ne. Now,
t hi s. Updat edOn Dat eTi me. 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; }

[ Not Mapped]
public int State { get; set; }

public enum EntityState

{
New=1,
Updat e=2,
Del ete =3,
| gnor e=4

}

}

Inour saseentity Class, we have four transactional properti €s--a eat edey, o eat edan,
Updat edon, @Nd updat edsy, Which are common for every entity derived fromit. These
fields are good to store the user information and the transaction date time. entitystate
IS used to manage the state of each object and hel ps the devel oper to set states when
manipulating a grid or a collection.
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Entities mapped to database tables

The following is the servi cerequest Class that will be used to submit the service
requests of the tenant:

[Description("To store Service Requests submtted by Tenants")]
[ Tabl e(" Servi ceRequest ") ]
public class ServiceRequest : BaseEntity
{
[ Key]
public long ID{ get; set; }
public long TenantI D { get; set; }
[ For ei gnKey(" Tenant | D")]
public virtual Tenant Tenant { get; set; }
[ MaxLengt h(1000) ]
public string Description { get; set; }
[ MaxLengt h(300) ]
public string Enpl oyeeCorments { get; set; }
public int StatusID { get; set; }
[ Forei gnKey(" Statusl D")]
public virtual Status Status { get; set; }
}

Please refer to the code provided with this book to define more entities.
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Business objects

We will create a separate folder for susi nessj ect s 1nside the common layer.

Busi nessyj ect s are classes that are composite entities or business model s and contain
properties to carry data for a specific business model. The followingis a sample
Tenant Ser vi ceRequest busi ness Obj ect:

public class Tenant Servi ceRequest : BaseEntity

{
public string Description { get; set; }
public string Enmpl oyeeComments { get; set; }
public string Status { get; set; }

public long TenantI D { get; set; }
public string Tenant Name { get; set; }
public string Email { get; set; }
public string Phone { get; set; }
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L ogging events

Logging events contai n some constant numbers, which are used while logging

i nformati on. When devel oping an enterprise application, it is a recommended
approach to provide a specific action number, irrespective of whether it's an error,
i nformati on, warning, and so on.

This hel ps the devel oper to trace out the exact action which was executed on that
piece of code when the message was logged. And, in the event of anerror, it
immediately gives at a glance meaning about the error type, making it easy for the
developer or support teamto identity the root cause and resolve it.

Here are afew of the sample |ogging events we have defined in our project, which
will be used through the layers where logging will be implemented:

public static class Loggi ngEvents

{
public const int GET_I TEM = 1001;
public const int GET_I TEMS = 1002;
public const int CREATE | TEM = 1003;
public const int UPDATE | TEM = 1004;
public const int DELETE | TEM = 1005;
public const int DATABASE ERROR = 2000;
public const int SERVI CE ERROR = 2001;
public const int ERROR = 2002;
public const int ACCESS METHOD = 3000;
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L ogging helper

Loggi ngrel per 1S @ helper class, whichwill be used throughout the project to log the
exception and read the compl ete stack trace about the exception:

public static class LoggerHel per
{
public static string GetExceptionDetail s(Exception ex)

{

StringBuilder errorString = new StringBuilder();
error String. AppendLi ne("An error occured. ");
Exception inner = ex;
while (inner !'= null)
{

errorString. Append("Error Message:");

error String. AppendLi ne( ex. Message) ;

error String. Append(" Stack Trace:");

error String. AppendLi ne( ex. St ackTrace) ;

i nner = inner.|nnerException;

}

return errorString. ToString();

More hel per methods and classes can be added in the common |ayer,
which can be used throughout the application layers.

Hereisthefinal structure of our common layer:

4 550 EATMS.Common
b & Properties

P =H References

P 70 BusinessObjects
P al Core

P a®8 Entities

P &7 Facade
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Data access layer

All the repositories and database persi stence classes reside under the data access
layer (DAL). Thislayer is used by the business layer to perform database operations.
For database persistence, we will use Entity Framework Core - Code first model.
Entity Framework is an obj ect relational-mapper (ORM), which enables

devel opersto work with relational data using domain specific object and allows the
use of LINQ or Lambda expressions to search or filter data.

Let's start by creating a new Console Application (.NET Core) project. The reason
why we create the NET Core consol e application is because we will runthe .NET
CLI commands to run database migrations and it will not work with the class library
project as per the present configurations:

£ Mz Dot 1
P Eroers T Frznrevank 45 - b Diefault - [ 555 Seanck Irsdalbed Termplales [Cil+0 =R
4 Jislalied e :
* _E'ii ass ke £ R-1 Cnrd wsnal Lt Type: ‘zual e
4 sual e - - = : L et tempis e orearng = KR
L Manciies vansln Applisahon (R A ure vissle Spplie e
e
JMED e gp S5 HE D {inen Wek Applicshan CHEL e wisnal L
Erdrzi
i

s Flatams

Inour DAL, we will implement a Repository, Unit of work pattern, and Factory
patterns.
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Creating Data Context

When working with the code first model of Entity Framework, we need to define our
custom context class, which should be derived fromthe oocont ext Class. Any class that
inherits fromthe moontext Class is used to perform the database mani pul ation on the
entities. Inour case, we Will use i dentitymbcont ext, Whichis awrapper on the obcont ext
class and takes the 1 dent i tyuser ODj€CL. 1denti typbcont ext 1S @ generic base class, which
can be customi zed with entity types that extend fromthe i denti tyuser types.

Given next isthe patacontext Class, which contains the moset property for each entity.
Dbset represents the entity set that is used to create, update, delete, and read records
froma particular table to which the entity is mapped. If ooset IS defined for a
particular entity, then the table will be created on running the database migration and
the relationship and other constraints will be added based on the configuration
defined. Entities that are not defined through the mset property will not be affected by
migration and their corresponding tables will not be generated.

Hereis our patacontext Class containing afew oset properties and derived from
I dent i t yDbCont ext class:

public class DataContext : IdentityDbContext<ApplicationUser>
{

publ i c Dat aCont ext ()

{

}

protected override void OnConfi guri ng(
DbCont ext Opt i onsBui | der opti onsBui |l der)

{
base. OnConfi guri ng(opti onsBuil der);
opti onsBui | der. UseSql Server (" Data Source=.;
Initial Catal og=TMs5;
I ntegrated Security=Fal se;
User |d={your_db_userid};
Passwor d={your _db_password};");
}
protected override void Onhbdel Creati ng( Model Bui | der bui | der)
{
base. OnModel Creati ng(buil der);
}
+
public virtual void Save()
{
base. SaveChanges();
}

#region Entities representing Database (bjects
publ i c DbSet <Empl oyee> Enpl oyee { get; set; }
public DbSet<Job> Job { get; set; }

publ i ¢ DbSet <JobTask> JobTask { get; set; }
publ i ¢ DbSet <JobWr ker> JobWorker { get; set; }
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publ i c DbSet <Property> Property { get; set; }

publ i ¢ DbSet <Servi ceRequest > Servi ceRequest { get; set; }
public DbSet<Status> Status { get; set; }

publ i c DbSet <Tenant> Tenant { get; set; }

#endr egi on
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Creating DbFactory

In an enterprise application, we may have multiple databases from where we need to
perform database operations. So, rather than injecting pat acontext directly into the
Repository, we will create a mract ory Class and inject our pat acont ext through
dependency injection. For example, if we have multiple data context classes pointing
to different databases, we caninject themall through the parameterized constructor in
DoFact ory @Nd €Xp0ose properties to return their instance.

It is always better to expose interfaces, as it encapsul ates the actual implementation.
We will create the i mract ory interface and then implement it using the moract ory Class.

Hereis the code of the | ooract ory INterface:

public interface | DoFactory

{
Dat aCont ext Get Dat aContext { get; }

}

The following i s the code of the moract ory Class:

public class DbFactory : |DbFactory, |Disposable
{

private DataContext _dataContext;
publ i c DbFact ory(Dat aCont ext dat aCont ext)

{ _dat aCont ext = dat aCont ext;
}
publ i c Dat aCont ext Get Dat aCont ext
{

get

{

return _dat aContext;

}

}

#regi on D sposi ng

private bool isD sposed;
public void D spose()

{
Di spose(true);
GC. Suppr essFinalize(this);
}
public void D spose(bool disposing)
{
if (!isDi sposed & di sposi ng)
{
if (_dataContext !'= null)
{

_dat aCont ext . Di spose();
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}
}

i sDi sposed = true;

}

#endr egi on
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Repository pattern

The Repository patternis widely used in an enterprise application and decoupl es the
DAL with the managers defined in BL through interfaces. It abstracts the underlying
technol ogy and architecture of DAL and makes it easy for an architect or devel oper to
change it easily without affecting the BL managers or the objects that are consuming
it. For example, we use arepository to separate the i mplementation of retrieving the
data from the business logic and keep it agnostic to the type of data that comprises the
data access layer. In this way, our data source could be a database, web service, or
any flat file, or the like and changi ng the data source woul d not affect the business
layer by using the Repository.

Inour case, we will implement a generic repository so that any model can use that
interface to perform CRUD operations. To i mplement the Repository pattern, we will
create an interface as follows:

public interface | Repository
{

| Queryabl e<T> Al Il <T>() where T : class;

void Create<T>(T TQhject) where T : class;

voi d Del ete<T>(T TChject) where T : class;

voi d Del et e<T>( Expr essi on<Func<T, bool >> predi cate)
where T : class;

voi d Updat e<T>(T TChject) where T : class;

voi d Execut eProcedure(string procedureCommand,
parans Sql Paraneter[] sql Parans);

| Enurrer abl e<T> Fi | t er <T>( Expr essi on<Func<T, bool >> predi cate)
where T : class;

| Enuner abl e<T> Fi | t er <T>( Expr essi on<Func<T, bool >> filter,

out int total, int index = 0, int size = 50)
where T : class;

T Fi nd<T>( Expressi on<Func<T, bool >> predi cate)
where T : cl ass;

T Si ngl e<T>( Expr essi on<Func<T, bool >> expressi on)
where T : class;

bool Cont ai ns<T>( Expr essi on<Func<T, bool >> predicate)
where T : class;

}

The preceding i reposi tory Interface has generic methods, which can be i mplemented
by the Repository class to perform transaction handling, saving or updating records
In the database and searching the records based on different filtering criteria.

Given next is the reposi tory Class that i mplements the | reposi tory INterface:

public class Repository : |Repository
{

Dat aCont ext _cont ext;

public Repository(lDbFactory dbFactory)
{
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_context = dbFactory. Get Dat aCont ext ;
}

public T Singl e<T>(Expressi on<Func<T, bool >> expressi on)
where T : class

{
return Al <T>().FirstO Defaul t (expression);
}
public | Queryabl e<T> Al <T>() where T : class
{
return _context. Set<T>().AsQueryabl e();
}

public virtual |Enurerabl e<T> Filter<T>(
Expr essi on<Func<T, bool >> predicate) where T : class
{
return _context. Set <T>(). Were<T>
(predicate). AsQueryabl e<T>();
}

public virtual |Enurerabl e<T> Filter<T>
( Expr essi on<Func<T, bool >>

filter, out int total, int index = 0, int size = 50)
where T : class
{
i nt skipCount = index * size;
var _resetSet = filter !'= null ? _context. Set<T>
(). Were<T>

(filter).AsQueryabl e() : _context. Set<T>().AsQueryable();
_resetSet = skipCount == 0 ? _reset Set. Take(size)
_reset Set . Ski p(ski pCount). Take(si ze);
total = _resetSet. Count();
return _reset Set.AsQueryabl e();
}

public virtual void Create<T>(T TCbject) where T : class
{

}

var newentry = _context. Set<T>().Add(Toj ect);

public virtual void Delete<T>(T TChject) where T : class
{

}

_context. Set <T>(). Renove(TOhj ect) ;

public virtual void Update<T>(T TChject) where T : class
{
try
{
var entry = _context.Entry(TCoject);
_context. Set<T>().Attach(Toj ect);
entry. State = EntityState. Modifi ed;

}
catch (Exception ex)
{
t hr ow ex;
}

}
public virtual void Del et e<T>( Expression
<Func<T, bool >> predicate) where T : class

{
var objects = Filter<T>(predicate);
foreach (var obj in objects)
_context. Set <T>(). Renove(obj);
}
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public bool Contains<T>(Expressi on<Func<T, bool >> predicate)
where T : class

{
}

public virtual T Fi nd<T>(Expressi on<Func<T, bool >> predicate)
where T : class

{
}

public virtual void ExecuteProcedure(String procedureConmand,
parans Sql Paraneter[] sql Parans)

{

return _context. Set<T>().Count <T>(predicate) > 0;

return _context. Set<T>().FirstO Defaul t<T>(predicate);

_cont ext . Dat abase. Execut eSql Conmand( pr ocedur eCommand,
sql Par ans) ;
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Unit of Work pattern

We implement the Unit of Work (UOW) pattern to avoid multiple calls to the
database server on each object change. With Repository, we store the object state on
any particular transaction and submit the changes once through the UOW pattern.

The following is the interface of Unit of Work that exposes four methods to begin and
end transactions and to save changes:

public interface | UnitOWrk

{
voi d Begi nTransaction();
voi d Rol | backTransaction();

voi d Conmi t Transaction();

voi d SaveChanges();
}

The next itemis the implementation of Unit of Work, which takes the mract ory
instance, and allow methods to begin and end transactions and call the savecanges
method to push the changes in one call to the database. Thisway, asinglecall is
made to the database server and any operation performed on the Repository will be
done in-memory, within the database context:

public class UnitOFWork : | UnitOWrk

{
private | DbFactory _dbFactory;

public UnitO Wrk(Il DbFactory dbFactory)
{

}

_dbFactory = dbFactory;

public void Begi nTransacti on()

{
_dbFact ory. Get Dat aCont ext . Dat abase. Begi nTr ansacti on();
}
public void Roll backTransaction()
{
_dbFact ory. Get Dat aCont ext . Dat abase. Rol | backTransacti on();
}

public void Comm tTransaction()

{
}

_dbFact ory. Get Dat aCont ext . Dat abase. Commi t Tr ansacti on() ;

public void SaveChanges()

{
_dbFact ory. Get Dat aCont ext . Save() ;
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Running migration

Running .NET CLI commands is strai ghtforward. There are various commands that
hel ps you with adding migrati on, removing migrati on, updating the database,
dropping the database, and so on.

Let's start by creating the initial migration first. To create theinitial migration, you
have to go to the root folder path of your data access layer project and run the
following:

| dotnet ef migrations add Initia

In the preceding command, initia 1S the name of the migration. When the command is
executed, it actually searches for the class derived from the mcont ext base class, and
creates the database and tables for the connection string defined. Otherwise, the local
DB store will be used.

Onrunning, anew wmgrations folder is created containing the file suffix initial.cs, as
shownin the following image:

- Migrations
b ac* 20161117190956_Initial.cs

Each migration class has two methods, namely, uw and pown, Which are used to apply
or revoke changes.

To create a database or to apply changes on the existing database, we have to run the
following command:

|d0tnet ef dat abase update -verbose

In the last command, - verbose 1S the switch used when you want to know the detail s of
the operati on bei ng executed.

Now, once this command is executed successfully, our database and tables will be
created, as shownin the foll owing screenshot:
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J T™MS

# [ Database Diagrams

=] 3 Tables
# [l System Tables
# 1 dbo._EFMigrationsHistory
71 ) dbo.AspNetRoleClaims
# [ dbo.AspNetRoles
# = dbo.AspNetUserClaims
¥ J dbo.AspNetUserLogins
# O dbo.AspNetUserRoles
7 ] dbo.AspNetUsers
# = dbo.AspNetUserTokens

2 dbo.Employee

=1 dboJob

=1 dboJobTask

=1 dboJobWorker

& dbo.Property

= dbo.ServiceRequest

31 dbo.Status

1 dbo.Tenant

IR EEEEBEE

If you notice, in the last screenshot, there are some aspret + tables, which are not
defined in our patacontext Class, but created automatically. The reasonis the

I dent i t yDbCont ext Class, Which takes the i denti tyuser type. To study more about

| dentityUser and | denti t yDoCont ext , please refer to Chapter 10, SeCU“ty Practiceswith
.NET Core. Another important thing to note isthe _erm grati onsti story table. Thisisthe
default table created after running the Entity Framework migrations and contains the
entry of each migration. When running the migrations from .NET CLI command,
Entity Framework actually checks the last migration entry in this table, and executes
the corresponding migrations accordingly. To learn more about migrations, please
refer to this link: https//docs.microsoft.com/en-us/aspnet/core/datalef-mve/migrations.

The next screenshot shows the final structure of the data access layer:

4 50 EATMS.DataAccess

b & Properties

p =8 References

4 o Core
& C* DataContext.cs
a C* DbFactory.cs
a C* |DbFactory.cs
a C* |Repository.cs
& C* |UnitOfWork.cs
@ C* Repository.cs
a C* UnitOfWork.cs

P a®8 Migrations

:.g:" appsettings.json
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Business layer

The Business layer contains the actual |ogic of the application. It exposes interfaces
and defines busi ness managers to perform business operations. To start with, we will
create a Class Library (.NET Core) project and reference data access and common
layer projects:

Fudd Mew Prgjucl ! k)
L lesr, HFT brarmad &0 = Duih by sk . ::_ EE wrarch Inakalled Iamplarssdd o b b~
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P ilrdues ﬁ Consale Application {MOT Coret Wil TF Dz slass by
D) ASPRIT Core el Aepliation {HET Cune Vial £
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Develop core classes

We will start by creating a core folder and defining a few classes, which will be
common for all the managers and referenced by all business managers.

| Acti onmanager 1S the interface that exposes four common methods to perform the CRUD

operations. Any manager implementing this interface has to define the i mpl ementati on
for CRUD operations:

public interface | Acti onManager

{
void Create(BaseEntity entity);
voi d Updat e(BaseEntity entity);
voi d Del ete(BaseEntity entity);
| Enuner abl e<BaseEntity> Get Al l ();
IUnitOWork UnitOfWrk { get; }
voi d SaveChanges();

}

BaseEntity 1S OUr base entity class fromwhich every entity inthe common layer is
derived.

Next, we will add the abstract susi nessmvanager class, whichwill be inherited by all the
concrete classes. Currently, this does not have any method defined, but in future, if
any abstract methods need to be added, methods can be defined and all the business
managers can use them:

public abstract class Busi nessManager
{
}

We will be injecting the busi ness managers into the service layer. However, in
certain scenarios, there could be a requirement to have multiple or all, business
managers needed in any service controller class. To handle this scenario, we will
devel op the susi nessvanager Fact ory Class, inject the instances through constructor

i njection and expose properties that return the scoped obj ects to the controller. Here

IS the Busi nessnvanager Fact ory @dded 1N OUr susi nessLayer 10 Provide access to any manager
needed at any time:

public class Busi nessManager Fact ory
{
| Servi ceRequest Manager _servi ceRequest Manager ;
| Tenant Manager _tenant Manager ;
publ i ¢ Busi nessManager Fact ory(| Servi ceRequest Manager
servi ceRequest Manager =nul |, | Tenant Manager tenant Manager=nul )
{
_servi ceRequest Manager = servi ceRequest Manager ;
_tenant Manager = tenant Manager;
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public | Servi ceRequest Manager Get Servi ceRequest Manager ()
{

return _servi ceRequest Manager ;

}
public | Tenant Manager Get Tenant Manager ()
{
return _tenant Manager;
}
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Developing business manager s

Now we can start devel oping our busi ness managers, which can be used by the
service controllers in service layers. When designing enterprise application
architecture, it's always a better choice to expose interfaces rather than classes. This
Is recommended to encapsul ate the actual i mplementation and to ensure that
unnecessary methods or properties are not known by the consumer object.

Add the mnager s folder and keep the interface and its implementation in its domain-
specific folder.

The following is the i servi cerequest minager that exposes one method to return the list of
service requests |odged by tenants:

public interface | Servi ceRequest Manager : | Acti onManager

{

| Enurrer abl e<Tenant Ser vi ceRequest >
Cet Al | Tenant Ser vi ceRequest s() ;

}

We have derived this interface fromthe i acti onmanager interface, so the implementer
class can provide implementati on for the CRUD methods as well.

Now we will add the servi ceRequest Manager class that ||'Tp| ements the
| Servi ceRequest Manager interface as follows:

public class Servi ceRequest Manager : Busi nessManager,
| Servi ceRequest Manager
{
| Repository _repository;
| Logger <Ser vi ceRequest Manager > _| ogger;
IUnitOFWork _unit O Wrk;

public IUnitOWrk UnitOWrk

{
get
{
return _unit O Wrk;
}
}

public ServiceRequest Manager (| Repository repository,
| Logger <Ser vi ceRequest Manager > | ogger,
IUnitOFWork unit O Wrk) : base()

{
_repository = repository;
_logger = I ogger;
_unitOFWork = unit Of Wrk;
}

public void Create(BaseEntity entity)
{

www.EBooksWorld.ir



Servi ceRequest servi ceRequest = (ServiceRequest)entity;
_logger. Logl nformation("Creating record for {0}",
this. Get Type());
_repository. Creat e<Servi ceRequest >(servi ceRequest) ;
_l ogger. Logl nfornation("Record saved for {0}",
this. Get Type());

}
public void Del ete(BaseEntity entity)
{
}
public | Enunmer abl e<BaseEntity> Get Al ()
{
t hrow new Not | npl emrent edExcepti on();
}
public void Update(BaseEntity entity)
{
t hrow new Not | npl ement edExcepti on();
}

publ i c | Enuner abl e<Tenant Ser vi ceRequest >
Get Al | Tenant Ser vi ceRequest s()

{
var query = fromtenants in _repository. All <Tenant>()
join serviceReqs in _repository. Al | <Servi ceRequest >()
on tenants.|D equal s serviceRegs. Tenant| D
join status in _repository. All <Status>()
on serviceReqs. Statusl D equal s status.|D
sel ect new Tenant Servi ceRequest ()
{
Tenant 1 D = tenants. | D,
Description = serviceRegs. Description,
Email = tenants. Enail,
Enpl oyeeComrent s = servi ceReqgs. Enpl oyeeComrent s,
Phone = tenants. Phone,
Status = status. Description,
Tenant Nane = tenants. Nane
H
return query. TolLi st <Tenant Ser vi ceRequest >();
}
public void SaveChanges()
{
_uni t O Wr k. SaveChanges();
}

If you have noti Ced, we have Inj ected Reposi tory, Logger , and wi t o verk. Both Reposi tory
and wi t o ver k Objects will be scoped per request, whereas the Logger Object will be a
singleton object. We will register them through the .NET Core built-in dependency
injector inthe service layer startup Class.

Similar to servi ceRequest Manager , W@ will add another manager under Managers >
Tenant Managerent 1O Provide tenant management. Here is the code for the | tenant vanager
interface:

public interface | Tenant Manager : | ActionManager

{
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Tenant Get Tenant (|1 ong tenantlD);

The implementation for the Tenant vanager Classis as follows:

{

public class Tenant Manager : Busi nesshManager , | Tenant Manager

| Repository _repository;

| Logger <Tenant Manager > _| ogger ;

IUnitOFWork _unit O Wrk;

| Servi ceRequest Manager _servi ceRequest Manager ;

public IUnitOWrk UnitO Wrk

{
get
{
return _unitOfWrk;
}
}

publ i c Tenant Manager (| Repository repository,
I Logger <Tenant Manager > | ogger, [UnitO'Work unit O Wrk,
| Servi ceRequest Manager servi ceRequest Manager) : base()
{

_repository = repository;

_logger = | ogger;

_unitaOFWork = uni t O Wrk;

_servi ceRequest Manager = servi ceRequest Manager ;

}

public virtual Tenant GetTenant(long tenantlD)
{
try

{
_l ogger. Logl nf or mat i on( Loggi ngEvents. GET_| TEM

"The tenant Idis " + tenantlD);
return _repository. All <Tenant>().Were(i =>i.ID ==
tenantI D). FirstODefault();

}cat ch( Exception ex)

{
t hr ow ex;
}
}
public void Create(BaseEntity entity)
{
Tenant tenant= (Tenant)entity;
_logger. Logl nformation("Creating record for {0}",
this. Get Type());
_repository. Create<Tenant >(tenant);
SaveChanges() ;
_logger. Logl nfornation("Record saved for {0}",
this. Get Type());
}

public void Update(BaseEntity entity)
{
Tenant tenant = (Tenant)entity;
_logger. Logl nfornation("Updating record for {0}",
this. Get Type());
_reposi tory. Updat e<Tenant >(t enant);
SaveChanges() ;
_logger. Logl nfornation("Record saved for {0}",
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this. Get Type());

}
public void Del ete(BaseEntity entity)
{
Tenant tenant = (Tenant)entity;
_logger. Logl nformation("Updating record for {0}",
this. Get Type());
_repository. Del et e<Tenant >(tenant);
SaveChanges() ;
_logger. Logl nfornation("Record del eted for {0}",
this. Get Type());
}
| Enuner abl e<BaseEntity> | Acti onManager. Get Al |l ()
{
return _repository. Al l <Tenant>(). ToLi st <Tenant >();
}
public void SaveChanges()
{
_uni t O Wr k. SaveChanges() ;
}

}

SaveChanges() actually uses the i t o ver k 1Nstance and this will be called either by the
service controller (part of our Web API project) or from the manager itself. It
depends on the requirement and is open for the devel oper to use it as per need.
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Logging in .NET Core

Loggingisabuilt-inmodule in .NET Core. Logging can simply be enabled by
requesting the 1 Logger Fact ory OF 1 Logger <T> through dependency injection. When using

| Logger Fact ory, the category name has to be defined, whereas, with i Logger <>, the class
type name will be used as the category name.

The default provider is addconsol e, Which 10gs the message on the consol e application.
However, new providers can also be implemented and added by calling the
AddPr ovi der I'TEthOd Of | Logger Factory.

This screenshot shows the final structure of the business layer:

4 558 EATMS.Businessl ayer
b & Properties
P =m References
45 Core
s C* BusinessManager.cs
a C* BusinessManagerFactory.cs
a C* |ActionManager.cs
4 & Managers
45 ServiceRequestManagement
s €% |ServiceRequestManager.cs
& €* ServiceReguestManager.cs
4 & TenantManagement
& €* [TenantManager.cs
& €* TenantManager.cs
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Creating the service layer

Service layer isthe middle layer between the presentation and business layers. It
abstracts the actual logic implemented on the business layer from the presentation
layer and exposes services that can be consumed by the presentation layer. This layer
should be secure enough to allow only authorized access to the resources.

We will develop the service layer using the ASPNET Core Web application and use
Web API to expose services. This layer will reference the business and common
|ayers defined previously.

Let's create anew ASP.NET Core Web Application (.NET Core) project and name it

EA. TVS. Ser vi ceApp.

Add Muew Prgjocl

¥ Rocont MFT Framevanrk 4.7 - Lom by Default > i;l

4 Instulled
ASMNET Wb sipplicaion (MET Framowoark) Winuul Ti

|

4 Visusl Ok

FowWindowe ] ARNE L Core Web Applcehon (NE | Conc)
Wb =
MFT Core @ ASINMNE | Lo web Appielion (NEL Framcecek Wisuul i
Andrnid
Thead @ ASENL | Lore angular £ Starter application LML Core) wisual Lw
ross-Hlatomm
Litersibilily @ ASPNCT Cere MV Starmer Applicadon [MCT Zors) visual CF
Bl
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Creating base controller

We will define our own gasecontroi 1 er 10 define the acti onManager and Logger |nStameS,
which can be used by the Actionfilters (we will discuss these later in this chapter).
The benefit of this approachis that you can put common methods and propertiesin
Basecont rol 1 er @Nd derive Web API controller fromit. Thisisthe code of sasecontrolier:

{

public class BaseController : Controller

private |Acti onManager _nanager;
private |Logger _l ogger;
public BaseController(lActi onManager nanager, |Logger | ogger)
{
_nmanager = manager;
_logger = | ogger;
}
public | ActionManager ActionManager { get { return _manager; }

public ILogger Logger { get { return _logger; } }
public Htt pResponseException LogExcepti on(Exception ex)
{
string error Message =
Logger Hel per . Get Excepti onDet ai | s(ex);
_l ogger. LogError (Loggi ngEvent s. SERVI CE_ERROR, ex,
error Message) ;
Ht t pResponseMessage nessage = new Ht t pResponseMessage() ;
nessage. Content = new StringContent (errorMessage) ;
nessage. St at usCode =
System Net . Ht t pSt at usCode. Expect ati onFai | ed;
t hrow new Ht t pResponseExcepti on( nessage) ;
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Adding Custom Action Filters

In ASP.NET Core, filters allow the running of code before or after the execution of a
particular resource in the pipeline. It can be configured on method, controller, or
globally. They run withinthe MVC Action Invocati on pipeline known as Filter
pipeline when a particular actionis selected by MVC based on the routing:

Middleware S Middleware ~ Rouking - Artion rl;:::;:;::zrr
Gy iy S M Middlewars ~ Selection i
e e T e Fipeline

g

ASPNET Core provides various filters, such as Authorization filters to decide
whether the user accessing the resource is authorized or not. Resource filters are
used to filter incoming requests in the pipeline and are mostly used for caching.
Exceptionfilters are used to apply policies that run globally to handl e unhandled
exceptions. Action filters help wrap calls to individual action methods and Result
filters to wrap the execution of i ndependent action results.

AnActionfilter is an attribute that can be applied on controller and action method
levels.

Inthis chapter, we will develop these two actionfilters:

® | o0ggi ngActionFilter

® TransactionActionFilter
L ogging Action Filter

We will create a custom Loggi ngact i onFit ter filter to log an exception when any method
IS executed. This way, we canlog the information for every controller which has this
attribute annotated:

public class LoggingActionFilter : ActionFilterAttribute
{
public override void OnActi onExecuti ng(
Act i onExecut i ngCont ext cont ext)
{
Log(" OnAct i onExecuti ng", context. Rout eDat a,
context. Controller);
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public override void OnActi onExecut ed(
Act i onExecut edCont ext cont ext)
{
Log(" OnActi onExecut ed", cont ext. Rout eDat a,
context. Controller);

}

public override void OnResul t Execut ed(
Resul t Execut edCont ext cont ext)
{
Log(" OnResul t Execut ed", context. Rout eDat a,
context. Controller);

}

public override void OnResul t Executi ng(
Resul t Execut i ngCont ext cont ext)
{
Log(" OnResul t Executi ng", context. Rout eDat a,
context. Controller);

}

private void Log(string nmethodNane, RouteData routeData,
Coj ect controller)

{
var controllerNane = routeData. Val ues["controller"];
var actionNane = routeData. Val ues["action"];
var message = String. Format("{0} controller:{1}
action: {2}", methodNane, controllerName, actionNane);
BaseControl | er baseController =
((BaseController)controller);
baseControl | er. Logger. Logl nfor mati on(
Loggi ngEvent s. ACCESS _METHOD, nessage);
}

In the preceding code, the Log method is the hel per method, which takes the method
NaMe, Rout ebat a &N cont rot 1 er, @Nd [0gs the information in the Logger 1NStance injected

through DI.

Transaction Action Filter

To handle transactions, we will develop a custom transacti onacti oni I ter, Which can be
used to begin and end transactions and to commit or rollback in case any error occur.

Here is the code for Transacti onActi onFil ter

public class TransactionActionFilter : ActionFilterAttribute
{
| DbCont ext Transacti on transacti on;
public override void OnActi onExecuti ng(
Act i onExecut i ngCont ext cont ext)
{
((BaseController)context.Controller).Acti onManager
. Uni t OF Wor k. Begi nTransaction();

}

public override void OnActi onExecut ed(
Act i onExecut edCont ext cont ext)

{

if (context.Exception != null)
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{
((BaseControl |l er)context.Controller).Acti onManager
. Uni t O Wor k. Rol | backTr ansacti on();

}
el se
{
((BaseController)context.Controller).Acti onManager
. Uni t O Wor k. Commi t Transacti on();
}
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Add controllers

Next, we will add a controller, which will derive from our custom sasecontr ol 1 er
class.

The followi ng IS the code of servi ceRequest Control | er, which contains an HT TP post
method to save the service requests of the tenant:

[ Loggi ngActionFilter]
[Route("api/[controller]")]
public class ServiceRequestController : BaseController
{
| Servi ceRequest Manager _rmanager ;
I Logger <Ser vi ceRequest Control | er> _| ogger;
public Servi ceRequest Controll er (| Servi ceRequest Manager
manager, |Logger<Servi ceRequest Controll er> | ogger)
base(manager, | ogger)
{
_nanager = nanager;
_logger = | ogger;
}
[HtpGet]
public | Enuner abl e<Tenant Servi ceRequest > Get Tenant sRequest s()
{
return _nmanager. Get Al | Tenant Servi ceRequest s();
}
[ TransactionActionFilter()]
[ Ht t pPost ]
public void Post(Servi ceRequest servi ceRequest)
{
try
{
_manager . Cr eat e( servi ceRequest ) ;
}
catch (Exception ex)
{
throw LogExcepti on(ex);
}
}
}

Givennext isour startup class, whichregisters all the dependenciesinthe
Conf i gur eSer vi ces method:

public void ConfigureServices(lServiceCollection services)

{

servi ces. AddScoped<! Uni t OF Wor k, Uni t O VWor k>() ;
servi ces. AddScoped<| DbFact ory, DbFactory>();
servi ces. AddScoped<Dat aCont ext >() ;
servi ces. AddScoped<| Reposi tory, Repository>();
servi ces. AddScoped<I Ser vi ceRequest Manager ,

Ser vi ceRequest Manager >() ;
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servi ces. AddScoped<l| Tenant Manager, Tenant Manager >();
servi ces. AddScoped<Busi nessManager Fact or y>() ;

/1 Add framework services.

servi ces. AddMrc();

And here isthe confi gure method:

public void Configure(lApplicationBuilder app,
| Host i ngEnvi ronment env, | Logger Factory | ogger Factory)
{
| ogger Fact ory. AddConsol e( LogLevel . | nformati on);
| ogger Fact ory. AddDebug() ;
app. UseMrc() ;
}
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Creating the presentation layer

The presentation layer is the frontend of any application. It contains views, view
model s, tag helpers, and static files, like images, CSS, and JavaScript. With the
recent changes in web devel opment and client side frameworks, companies are now
choosing SPA (Single Page Applications) for web frontend. SPA applications are
more responsive in nature and provide better user experience interms of response
time and performance.
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Single Page Applications

The SPAs are web applications that have a single web page and all views render
inside it dynamically when the user interacts with the application. SPAs use AJAX to
call backend data through services and most of the work is done on the client side:

returns HTML

returns JSOM
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Benefits of a SPA

Following are few benefits of SPAs:

e SPAs areresponsive in nature, as most of the resources, including CSS,
JavaScript, and Images, are only loaded once throughout the application lifespan

e A SPA reduces the size of response by making AJAX requests to the server and
receives a JSON response

e SPAsmakeit easy to scale and cache resources
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Developing the presentation layer using
ASP.NET Core and Angular

Inthis chapter, we will use ASPNET Core and Angular on the presentation layer. We
will use ASPNET Core MVC (Model View Controller) to define views and |oad
them through the routi ng modul e dynamical ly into the main single page contai ner.

There are many benefits of using ASPNET MVC view with Angular routing. Some of
them are as follows:

e e can use vi ewsag 10 define additional properties at runtime

e It provides a secure Action method through aut hori zeattribute

e \We canimplement | ogging using custom Action filters or by injecting 1 Logger <7>
at the controller level

To start with, open Visual Studio 2015 and select the ASPNET Core Web
Application (.NET Core) project template to create a new project and name it

EA TVS. WebApp.

Hew Frugjscl =
b leient HELbarwak il 7 S0 b ekt | i= imaerh Instatisd lempleres (e b Fo-
Irssallea
@ AEIHE] Wb Spphicatos (HED bramzazri wisal C*
4 |laraplates
4 visgalie @ AXIHEL D ek Arpleahse CHEL D visual i ¢
L vandres
it @ ESIHE] Dnme Wk Appleahse CHEL ez RUEHE N
HET
&r: ﬂ'_.; I ASITHED e &nqular S seater applistann CRE] Caned wnal s
Gl
Fadzins by :‘l_‘] I ANIHED Do BAYC Staror Aaplimanian (RE] Concd LENE T Sy HeL]
e ] T
Iy I SrATle W ksles {HFT Cnine 1
1 ightesars; th K
crhesskanint Tsiahls
o I W M HTT
Heanring .
sl it
lest
Walk
Winrtiz
o 2l | Le:
Lid TR byl
Iaraicr: F4 &S g, SRy hapteesChaprter D 5 |=] | ---------
Salabize nappe TS et wt Cpealegdiveciony for sslalion
Ll reprsia
LIE | =]

When you build your project, it will start restoring the packages.
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Setting up frontend packages

To devel op the frontend with Angular, we need some tool s, such as TypeScript, Gulp,
and NPM (Node Package Manager). Angular code can be written using TypeScript,
JavaScript, and Dart. There are certain benefits of using TypeScript, for example, it
shows errors at compile time, and provides stati ¢ types. Secondly, it follows the ES6
(CMAScript6) standard, which hel ps to define classes, interfaces, and inheritance,
and allows architects to design the frontend following OOPS principles.

The ASP.NET Core architecture is different than what we have seen in the previous
versions. All the static files should reside inthe wwr oot folder. Keeping any static file
outside wwr oot Will make it inaccessible. When working with TypeScript, we create
(.ts) files outside the wwr 0ot folder and with alittle configuration, it places the files
under afolder inthe wwr oot folder. However, there are certain other files used by the
project, which will be needed by the frontend pages and we will use Gulp to copy
them to the ww oot folder. Gulp is a JavaScript task runner, whichis used to automate
tasks and has compl ete support in Visual Studio.

NPM, on the other hand, is the package manager to manage node modules. In
ASP.NET Core, we can add afilecalled package. j son and define node modules. On
saving, it automatically downl oads the dependencies defined in this file from Node
and restores themin the node_modul es folder.

Let's add the package. j son file and define the fol lowi ng modul es:

{

"name": "angul ar-qui ckstart",
"version": "1.0.0",
“"private": true,
"scripts": {
"typings": "typings",
"postinstall": "typings install"
I3

"dependenci es": {

"@ngul ar/ cormmon": "~2.2.0",

"@ngul ar/ conpi ler": "~2.2.0",

"@ngul ar/core": "~2.2.0",

"@ngul ar/fornms": "~2.2.0",

"@ngul ar/http": "~2.2.0",

"@ngul ar/ pl at f or m browser": "~2.2.0",
"@ngul ar/ pl at f or m br owser -dynam c": "~2.2.0",
"@ngul ar/router": "~3.2.0",

"@ngul ar/ upgrade": "~2.2.0",

"angul ar - i n- menory-web-api ": "~0.1.15",
"core-js": "n2.4.1",

"refl ect-netadata": "~0.1.8",

"rxjs": "5.0.0-beta. 12",
"systenjs": "0.19.39",
"zone.js": "70.6.25"
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"devDependenci es": {
"typings": "2.0.0"
}

}

All the @ngul ar packages are angular dependencies, where typi ngs 1S a devel opment
dependency, which facilitates by providing intellisense when we write TypeScript
code.

Next, we will add the typi ng. j son file and add the following global dependency:

{
" gl obal Dependenci es": {

"core-js": "registry:dt/core-js#0.0.0+20160602141332"
}
}

We will create all the TypeScript files under the app folder at the root of the project.
But before creating TypeScript files, let's add the TypeScript configuration file
known aStsconfi g.json and add the followi ng JSON:

{

"conpilerOptions": {
"target": "esb",
"modul e": "commonj s",
"nmodul eResol ution": "node",
"sourceMap": true,
"em t Decor at or Met adat a": true,
"experiment al Decorators": true,
"renoveComent s": fal se,
"nolnplicitAny": false,
"rootDir": "app",
"outDir": "wwww oot/ app"

}
"conpi | eOnSave": true,
"exclude": [

"node_nodul es"

]
}

Some of the important attributes have been listed in the following tabl e:

Attribute | Meaning
ECMAScript standard to which the TypeScript file will be transpiled.
t ar get
oot TypeScripts folder (in our case, the app folder) where our TypeScript
fileresides.
outDir The Output directory where the generated JavaScript files will reside
Good for debugging purpose. Setting this to «rue generates a mapping
sour cebp fileknownas+.js. map, Which contai ns mapping i nformati on between
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‘ TypeScript and the generated JavaScript file.

Finally, we will add the aui p.j s file and add the following script to copy the
necessary packages to the i o folder in www oot :

var gulp = require('gulp');

var |ibs "./wwwoot/lib/";
gul p.task('restore:core-js', function () {
gul p.src(]
' node_nodul es/core-js/client/*.js
1).pipe(gul p.dest(libs + "core-js'));
s
gul p.task('restore: zone.js', function () {
gul p.src(]
' node_nodul es/ zone.js/dist/*.js
1) .pipe(gul p.dest(libs + 'zone.js"));
1)
gul p.task('restore:reflect-metadata', function () {
gul p.src(]
'node_nodul es/refl ect-metadata/reflect.js
1).pipe(gul p.dest(libs + 'reflect-metadata'));
1)
gul p. task(' restore:systenjs', function () {
gul p.src([
'node_nodul es/ systenjs/dist/*.js
1).pipe(gul p.dest(libs + '"systenjs'));
s
gul p.task('restore:rxjs', function () {
gul p.src(]
'node_nodul es/rxjs/**/*.js
1) .pipe(gul p.dest(libs + "rxjs'));
b
gul p. task(' restore: angul ar-i n-nmenmory-web-api', function () {
gul p.src(]
' node_nodul es/ angul ar -i n- menory-web-api/**/*.js
1) .pi pe(gul p.dest(libs + "angul ar-i n-menory-web-api'));

1)

gul p.task('restore:angular', function () {
gul p.src(]
' node_nodul es/ @ngul ar/**/* s
1) .pipe(gul p.dest(libs + ' @ngular'));
1)

gul p. task(' restore: bootstrap', function () {
gul p.src(]
' node_nodul es/ boot strap/dist/**/*. *
1).pi pe(gul p.dest(libs + 'bootstrap'));
1

gul p.task('restore', [
‘restore:core-js',
"restore:zone.js',
‘restore:refl ect-netadata’

restore: systenjs'

restore:rxjs'

'restore: angul ar-i n- menor y-web- api '

‘restore:angul ar',

‘restore: bootstrap’

1);
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Configuring the ASP.NET Core
pipeline

So far, we have configured our client-side packages. InASPNET Core, we can add
static files, security and MVC middleware. To implement security inan ASPNET
Core project, please refer to chapter 10, Security Practices with .NET Core.

When devel oping an SPA application, we use the client-side framework heavily for
routing modul es and templ ate rendering. Many client-side frameworks, such as
Angular, provide their own routing modul es to render pages in the main parent
contai ner. To enabl e those routing, we need to add the following spa-fal 1 back entry
followed by our MVC entry as shown next:

app. UseMic(routes =>

{
rout es. MapRout e("defaul t", "{controll er=Hone}/

{action=l ndex}/{id?}");
rout es. MapRout e( "spa-fal | back", "{*anything}",
new { controller = "Home", action = "Index" });

1),

Moreover, static files mddleware should be added so all the static files, such as
images, JavaScript, and CSS, can be |oaded:

| app. UseStaticFiles();

Satic files middleware should be added before the MVVC middleware
9 in the pipeline.
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Adding the Angular components

Inthis section, we will create custom components using TypeScript and create aroot
app folder inside our Web App project.

Under app folder, we will create another folder known as shared and thisis where we
will create some common components which will be used throughout the application:

Creating a Message component

This component will be used to show messages on the screen when the user performs
any action. These messages will be success, error or warning messages displayed in
the browser.

First, we create wessagemdel , Which takes the type and nsg parametersina
parameterized constructor and can be passed to vessageser vi ce 10 push messages in an
array.

Create afile, message. service.ts, inthe app = shared > nessage fol der, and p| ace the
following code:

export class MessageModel {

type: string;
nmsg: string;

constructor(type: string, message: string) {

if (type =="'E)
type = 'danger';

elseif (type =='S")
type = 'success';

this.type = type;
this. g = nessage;
}
}

Creating HTTP client component

This component is awrapper of the Angular http modul e and can be used to send
RESTful messages to our service layer.

Add http-client.service ts Under the app > shared > httpciient folder, and add the
following code:

import {Injectable, Inject} from' @ngul ar/core';
import {Htp, Headers, RequestOptions, Response} from
"@ngul ar/http';
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i mport { Cbservable } from'rxjs/ Cbservable';
import { APP_CONFI G AppConfig } from'../../app.config";

@nj ect abl e()

export class Htpdient {
opti ons;
header s;
api Endpoi nt: string;

constructor(private http: Htp,
@nj ect (APP_CONFI G config: AppConfig) {
t hi s. api Endpoi nt = confi g. api Endpoi nt;
}
get(url) {
t hi s. headers = new Headers({ ' Content- Type':
"application/json'

1)

this.options = new Request Opti ons({ headers:
this. headers });
return this.http.get(this.api Endpoint + url);

}

post (url, data) {

this. headers = new Headers({ ' Content-Type':
"application/json' });

this.options = new Request Opti ons({ headers:
this. headers });

I et options = new Request Options({ headers:
this. headers, });

return this.http.post(this.api Endpoint + url,
data, options);

}

Adding service request View Model

Next, we will add our View Model, to which the form controls will bind. Add the
dat a-nodel s. interface. ts fll€ 1N app > shared > model s, and add the foll owi ng code:

export class ServiceRequest {
id: nunber;
tenant| D. nunber;
description: string;
enpl oyeeComrent s: string;
statusl d: nunber;

}

We can add as many model s as required under thisfile.
Adding a shared module

In Angular, you can define modul es; this hel ps to keep components, providers, and
other resources under one module. We can refer other modul es using imports, as
shown next, and export components, usi ng the exports key. Here, we create a shared
modul e to keep our mssagecomponent @nd our custom HT TP client service in one place
and then we refer this modul e in other modules to |everage these features:
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i mport { NgModul e } from' @ngul ar/core';
i mport { Commonhbdul e } from' @ngul ar/ conmon' ;
i nport { MessageConponent } from'./nessage/ nessage. conponent';
inport { HttpClient } from'./httpclient/http-client.service';
i mport { MessageService } from'./message/ nessage. service';
inmport { Htp, HtpWbdule } from' @ngular/http';
@gModul e({
imports: [
Conmmonhbdul e,
Ht t pModul e
1.
exports: [
MessageConponent

1

decl arations: [
MessageConponent

1

providers: [
MessageSer vi ce,
Htpdient

]

1)

export class SharedModul e {

}

Adding configuration settings

In our application, we will be making RESTful callsto our service layer and
specifying the base service URL, authentication server (CAS) URL, or other
attributes, in one place. So, let's add the app. contig.ts file inthe app folder and specify
the following code:

i mport { OpaqueToken } from' @ngul ar/core';
export let APP_CONFI G = new OpaqueToken(' app.config');

export interface AppConfig {
api Endpoi nt: string;
title: string;
casEndPoi nt: string;
appEndPoi nt: string;

}

export const TM5 DI _CONFIG AppConfig = {
api Endpoint: ' http://1ocal host: 5001/ api/"',
title: 'TMB Systemni,

casEndPoint: "http://Iocal host:5001",
appEndPoint: 'http://1ocal host: 5050

b

Adding Application module

Thisis our main Application modul e, which contains the servi cerequest COMpoNent. \We
can create domai n-speci fic modul es depending on the application size. Here, we also
refer the snaredwdul e, Which we created earlier, so that we can access our custom
HTTPclient service and MessageConponent .
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i mport { NgModul e } from' @ngul ar/core';

import { BrowserMdule } from' @ngul ar/pl atform browser"';

i mport { APP_BASE HREF } from' @ngul ar/conmon';

i mport { AppConponent } from'./app. conponent"';

i mport {MenuConponent} from'./menu.conponent';

inmport { routing } from'./app.routes';

i mport { Servi ceRequest Conponent } from'./conponents/

t enant/ servi ce-request. conponent ' ;

i mport { SharedMbdule } from'./shared/shared. nodul e';

inport { APP_CONFIG TMs_ DI_CONFIG} from'./app.config';

i mport {FormsModul e} from' @ngul ar/forns';

i mport {ServiceRequest Service} from'./conponents/tenant/
servi ce-request . service';

@ghbdul e({
imports: [
Br owser Modul e,
routing,
Shar edModul e,
For msModul e
I
declarations: |
AppConponent ,
Ser vi ceRequest Conponent ,
MenuConponent
1,
boot strap: [AppConponent],
providers: [
{ provide: APP_BASE HREF, useValue: '/' },
{ provide: APP_CONFIG useVal ue: TM5 DI _CONFI G},
Ser vi ceRequest Servi ce

]

})
export class AppMdule { }

Configuring Angular Routes

To Configure routi ng, we will create app.routes.ts under the app folder and add the
following code:

import { Modul eWthProviders } from' @ngul ar/core';
inmport { Routes, RouterMdule } from' @ngul ar/router’;
i mport { Servi ceRequest Conmponent } from'./conponents/
t enant/ servi ce-request . conponent’

i nport { MenuConponent } from'./menu.conponent'

/1 Routes Configuration
export const routes: Routes = |
{ path: 'createServiceRequest', conponent:
Ser vi ceRequest Conponent },
{ path: 'nenu', conponent: MenuConponent },
{
path: "',
redirectTo: '/nmenu',
pat hvatch: 'ful |’
H
I

export const routing: Mdul eWthProviders =
Rout er Modul e. f or Root (rout es) ;

Adding App component
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App component i s the main component, which hooks up with the main Angular app.
Here, tenant-ngnt 1S the main selector, which loads the reat ure/ 1 ndex page. This sel ector
will be added in the Home/Index page.

i mport { Component } from' @ngul ar/core';

@onponent ({
sel ector: 'tenant-ngnt',
tenplateWr|: ' Feature/lndex'
})
export class AppConponent {

}

Adding Menu component

To load menus, we have to create a separate file, menu. conponent . ts, inthe app folder and
load the reat ur e/ venu, page as follows:

i mport { Conmponent, AfterViewnit } from' @ngular/core';
inmport { Router } from' @ngul ar/router';
@onponent ({
sel ector: 'nenu',
tenplatelrl: ' Feature/ Menu'
})

export class MenuConponent {

}

Adding Main module

The wi n. ts bootstraps the Main Application module; the code is given as follows:

import { platfornBrowserDynamic } from

" @ngul ar/ pl at f or m br owser - dynami ¢’ ;
i mport { AppModule } from'./app. nodul e';
const platform= platfornBrowserDynam c();
pl at f or m boot st r apMbdul e( AppModul e) ;

Adding domain-specific components

For each business domain, we will create a service class and a component class. The
service class will be responsible for making all the HTTP calls to the service layer,
whereas the component class will be responsible for model binding and using the
service class to submit or receive data.

Here is the implementati on of the service class as discussed:

i mport 'rxjs/add/ operator/mp';

i nport 'rxjs/add/ operator/catch';

import { Injectable, Inject } from' @ngul ar/core';

i nport { Coservable } from'rxjs/ Cbservable';

inport { Htplient } from '../../shared/httpclient/
http-client.service';

i mport {Response} from' @ngul ar/http';

import { ServiceRequest } from'../../shared/ nodel s/
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dat a- nodel s. i nterface';

@nj ectabl e()
export class ServiceRequest Service {

constructor(private httpdient: HtpOient) { }

get Servi ceRequest (i d: any): Observabl e<Servi ceRequest > {
return this. httpdient.get('serviceRequest?id=" + id)
. map(this.extractData)
.catch(this.handl eError);

}

get Al | Servi ceRequests(): Cbservabl e<Servi ceRequest[]> {
return this. httpdient.get('serviceRequest')
.map(this.extractData)
.catch(this.handl eError);

}

post Ser vi ceRequest (servi ceRequest: any):
Cbser vabl e<Ser vi ceRequest > {
| et body = JSON stringify(Servi ceRequest);
return this. httpdient. post('serviceRequest/post', body)
. map(this.extractData)
.catch(this.handl eError);

}

private extractData(res: Response) {
l et body = res.json();
return body || {};
}
private handl eError(error: any) {
let errMsg = (error.message) ? error.nessage :
error.status ? &grave; ${error.status} -
${error.statusText}&grave; :'Server error';
console.error(errMsg); // log to consol e instead
return Cbservabl e.throw(errMg);

}

Following is the implementati on of the servi cerequest COMponent, which calls the
service class as discussed earlier:

i mport { Conmponent } from' @ngul ar/core';

inport { ServiceRequest } from'../../shared/ nodel s/
dat a- rodel s. i nterface';

i mport { MessageService, MessageMddel } from'../../shared/
message/ nessage. service';

import { ServiceRequestService } from'./service-request.service';

@onponent

({
sel ector: 'createServi ceRequest',
tenplateWrl: ' Tenant/Create'

1)

export class Servi ceRequest Conponent {

servi ceRequest : Servi ceRequest;

di sabl e = fal se;

servi ceRequest Servi ce: Servi ceRequest Servi ce;
message: MessageServi ce;
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constructor (nessageServi ce: MessageServi ce,
servi ceRequest Servi ce: Servi ceRequest Servi ce
) |
t hi s. message = nessageServi ce;
t hi s. servi ceRequest Servi ce = servi ceRequest Servi ce;
nmessageSer vi ce. cl ear Messages() ;
t his. servi ceRequest = new Servi ceRequest ();

}

onSubmt() {
t hi s. servi ceRequest Servi ce. post Ser vi ceRequest (
t hi s. servi ceRequest)
.subscribe(() => {
serviceReq =>
t hi s. message. pushMessage( new MessageModel (' success',
' Service Request Submtted Successfully'));

b
error => {
t hi s. message. pushMessage( new MessageModel (
‘danger', 'Failed to subnit ' + error));
1)

Adding SystemJS config file to Bootstrap Angular

We will now add a CUStOM systenj s. config.js ﬁ'Giﬂth@vwwvroot/app fOlder, whichtells
our System |oader to |oad the min. j s file (generated frommain. ts):

(function (global) {
System confi g({

pat hs: {
/'l paths serve as alias
‘npm*': "./lib/"
b
/1 map tells the System | oader where to | ook for things
map: {
/1 our app is within the app fol der
app: 'app',
/1 angul ar bundl es
" @ngul ar/core': 'npm @ngul ar/ core/ bundl es/ core.umd. js',
" @ngul ar/ common' : ' npm @ngul ar/ cormon/ bundl es

/ common. und. j s',
"@ngul ar/conpiler': 'npm @ngul ar/ conpi | er/ bundl es
/conpiler.und.js",

"@ngul ar/ pl atform browser': ' npm @ngul ar/
pl at f or m br owser/ bundl es/ pl at f orm browser. und. js',
" @ngul ar/ pl at f or m br owser-dynam c': ' npm @ngul ar/

pl at f or m br owser - dynam ¢/ bundl es/
pl at f or m browser-dynam c.und. js',
"@ngul ar/http': 'npm @ngul ar/ http/ bundl es/http.unmd.js',
"@ngul ar/router': 'npm @ngul ar/router/bundl es
/router.umd.js',
" @ngul ar/router/upgrade': 'npm @ngul ar/router/
bundl es/rout er - upgr ade. und. j s',
"@ngul ar/forms': 'npm @ngul ar/f or ns/ bundl es
/[forms.und.js',
" @ngul ar/ upgrade' : ' npm @ngul ar/ upgr ade/
bundl es/ upgrade. und. js',
"@ngul ar/upgrade/ static': 'npm @ngul ar/ upgrade/
bundl es/ upgr ade-static.und.js',
/1 other libraries
"rxjs': 'npmrxjs',
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"angul ar-i n-menory-web-api': ' npmangul ar-i n- nenory-
web- api / bundl es/ i n- menor y- web- api . und. j s’
}s
/1 packages tells the System| oader how to | oad when no
filename and/or no extension
packages: {

app: {
main: './main.js',
defaul t Extension: 'js'
b
rxjs: {
defaul t Extension: 'js'
}
}
1
})(this);

Next, we create another i nporter.js file under the wwr oot 7 app folder and call
systeminport 10 l0ad our Main modul e.

Systeminport (' app/ main').catch(function (err) {
consol e.error(err);

1)

Lastly, we will just add the following script references in our _Layout. cshim file
residing in the vi ews/shared fol der:

<script src="~/lib/core-js/shimmn.js"></script>

<script src="~/lib/zone.js/zone.js"></script>

<script src="~/lib/reflect-netadatal/Reflect.js"></script>
<script src="~/lib/systenjs/systemsrc.js"></script>
<script src="~/lib/rxjs/bundl es/Rx.js"></script>

<script src="~/app/systenjs.config.js"></script>

<script src="~/app/inporter.js"></script>

So, when our application starts, our Layout page loads the syst enjs. config.js and

i nporter.js. Thisi nporter.js | oads the i n.js file and bOOtStrapS our rnainAppl\/bduI e,
which we created earlier. This appmdul e DOOLStraps our appconponent, Which is our main
application component and displays the Feature/Index page, where the t enant - ngnt
selector is defined.
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Creating MVC Controllersand Views

So far, we have configured Angular and devel oped few components that are shared
and related to the service request. We will have three controllers to show the home
page, user features, and service request.

Add the MVC ronecontrot 1 er INthe control1ers folder and add a default Index action
method, as follows:

public class HomeController : Controller
{

[l CET: [<controller>/

public I ActionResult |ndex()

{

return View);

}

}

Inour startup Class, our default routing will be set to the home controller. Therefore,
thisis the main landing page for displaying singl e-page templ ates.

Then, inthe i ndex. cshtm page, we will add our tenant-mgmt Sel ector, as shown next:
| <t enant - ngnt ><i ng src="~/i mages/| oadi ng. gi f" /></tenant-nmynt >

This selector will render our reaturer i ndex partial view, whichwe will define next.

Add areaturecontrolter Under the control1ers folder and add followi ng action methods:

public class FeatureController : Controller
{
public I ActionResult |ndex()
{
return Partial View);
}
public | ActionResult Menu()
{
return Partial View);
}
}

The followi ng iIsindex view sni ppet Of the Feat urecont rol 1 er cONtai NS the message
selector and router-outi et 10 render the templ ate:

<div class="row'>
<di v styl e="paddi ng: 10px Opx Opx 30px" >
<nessages></ nessages>
<router-outlet></router-outlet>
</ di v>
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| </ di v>

Hereisthe Menu view of reat urecontrol 1 er, Which shows tiles when the home page is
accessed:

<di v class="row'>
<div class="col -nd-7 col -sm 10 center-bl ock fl oatnone">
<div class="col -sm 3 cat egor yBox" >
<a [routerLink]="["'/createServiceRequest']"
cl ass="Cr eat eServi ceRequest " >
<span cl ass="icon">
<i class='fa fa-OeateServiceRequest' ></i>
</ span>
<span cl ass="nane">Create Servi ceRequest </ span>
</ a>
</ di v>
<di v class="col -sm 3 cat egor yBox" >
<a href="#" cl ass="Vi ewServi ceRequest ">
<span cl ass="icon">
<i class='fa fa-Vi ewServi ceRequest' ></i >
</ span>
<span cl ass="nane">Vi ew Ser vi ceRequest s</ span>
</ a>
</ di v>
<di v class="col -sm 3 cat egor yBox" >
<a href="#' cl ass="Assi gnWr ker">
<span cl ass="i con">
<i class='fa fa-Assi gnWorker'></i>
</ span>
<span cl ass="nane">Assi gn Wr ker </ span>
</ a>
</ div>
<di v class="col -sm 3 cat egor yBox" >
<a href="#'" cl ass="Wrker sManagenent " >
<span cl ass="i con">
<i class='fa fa-WrkershManagenent' ></i>

</ span>
<span cl ass="nane" >Wr kers Managenent </ span>
</ a>
</div>
</ di v>
</ di v>

Next, we will devel OP A aeate ServiceRequest Page and add Tenant control I er.

The followi ng IS the code of Tenant controller:

public class TenantController : Controller
{ public I ActionResult Create()

{ return Partial View);

}
}

Create . cshtm Of Tenant control 1 er @S ShOwn next;

<div class="row'>
<di v styl e="paddi ng: 5px Opx Opx 30px"
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class="col -1g-12 col -nmd-12 col -sm 12" >
<div class="formgroup">
<h3>Enter Service Request: </ h3>
</ di v>
<f orm (ngSubm t ) ="onSubni t (servi ceForm"
#ser vi ceFor n=" ngFor ni >
<div class="formgroup">
<l abel for="nanmel">Enter Conpl aint:</I abel >
<textarea rows="8" col s="800" maxl engt h="200"
class="formcontrol" id="description"
nanme="descri pti on" ngMdel ></t ext ar ea>
@<div *nglf="fornErrors. descripti on"
class="smal | t hi n">
{{ fornErrors.description }}
</div>*@
</ div>
<div class="formgroup">
<button type="submt" style="float:left;"
cl ass="btn btn-success" [disabl ed]="di sabl e">
<i class="fa fa-check"></i>
Send Request </ butt on>
</ div>
</forme
</ di v>
</ di v>

When we click on the Create ServiceRequest tile, the following page will be
displayed and will show a simple textbox to enter the complaint:

Tenant Managsment

The mazh Zupoee ol hz gezlem b Lo prosios Lnzdonzl b o scnec bz ans sl £
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Summary

In this chapter, you have learnt some best practices when designing an n-tier
architecture. We explored some patterns, such as Repository, Unit of Work, and
Factory in the data access |ayer, which provide many advantages for decoupling the
dependencies, and how to use themin the business layer for database mani pulation.
We explored the benefits of keeping entities and other hel per classes inthe common
layer so that they can be used throughout the layers. In the service layer, we
developed a few controllers to show how the busi ness managers can be injected and
how logging and exception handling can be done. And finally, in the presentation
layer, we configured Angular and designed a frontend framework to invoke HTTP
services, display messages, and view modelsto carry data. In the next chapter, we
will learn about i mplementing a Service Oriented Architecture using .NET Core.
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SOA Implementation with .NET Core

In this chapter, we will draw heavily fromthe skills and knowledge that we have
gained in the previous chapters of this book. The matter inthis chapter is dense and
focuses on the architectural perspective, therefore it demands good attention. Once
we understand the core SOA architecture principles, then coding SOA services
becomes a piece of cake.

The topics that will be covered inthis chapter are as follows:

SOA definition

SOA modeling

SOA pivotal components
Types of SOA services
Sample SOA impl ementati on
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SOA definition

Shrinking the concepts learned in the first chapter on enterprise architecture, we can
segment theminto four perspectives:

Busi ness perspective

Application perspective

Informati on perspective

Technol ogy/Infrastructure perspective

For this chapter, our core focus is on the application perspective, where we'll talk
about i mplementation of Service-Oriented Architecture (SOA) into our enterprise
using the .NET Core as the primary software technology. By saying this, we take
heavy presumptions that our business architectures have been created, our data

model s are ready, our infrastructure is either already there or coming into place
based on our enterprise's technol ogy architecture, and now we are moving forward to
our agreed-upon application architecture (which we will talk about as our SOA
definition and theory) to ook for solutions with .NET Core as a primary enabler.
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What 1s SOA?

SOA is anarchitectural style that primarily promotes service orientation.

Service orientation implies | oosel y-coupl ed systems that are fundamental |y focused
on sati sfyi ng the business functions. In SOA, you think in terms of services that fulfil|
busi ness processes in a sel f-contai ned manner.

Itiseasier to look at SOA as the solution to interfaces and integration problems, but
It provides much more. SOA is more than just an integration framework. It defines the
vision and approach to enterprise architecture that buil ds upon software services
representi ng heterogeneous busi ness functions. SOA promotes an overall approach
by scoping the main busi ness |andscape, i dentifying the business units and rel evant
stakehol ders, then defining or improving the busi ness processes, and exposing the
interfaces and sol utions in terms of reusabl e, self-contained, interoperable, flexible
software services.

SOA al so mandates setting up operational cycles for running healthy systems as well
as for mai ntenance and upgrade cycles. It not only enables the registry and discovery
framework for services, but also provides the platform for the governance of
software services that ultimatel y monitors, reports, and governs the business
functions for the rel evant business units in an enterprise.
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SOA modeling

There are a number of SOA model s and frameworks that exist in the market, but we
will consider those which are the most referenced ones.
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SOA Reference M odel

A reference model is an abstract framework to understand and describe the
significant entities and rel ati onshi ps among them for some environments. It is used or
referred to for devel opment of consistent standards or specifications supporting the
environment of the enterprise.

The OASIS SOA Reference Model (SOA-RM) is an abstract framework that
provides the fundamental concept of SOA to understand the entities and rel ationships
between them, and for the devel opment of SOA standards within an organi zati on.

Inthe dictionary, serviceis defined as An act or a variety of work done by one for
another. OASIS SOA-RM defines service inthis one line: In SOA, services are the
mechani sm by which needs and capabilities are brought together.

The following reference model defines the principal concepts of SOA:

-~ ™\
( Senvice )

N i —

(" visibility )
Y 5

.-/”l = ===

( Service Descnpt\on\,
. g

— e

/" Real wo r|£+‘\.|
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g k-
( Interaction )
.

P i ==
(Policies & Contracts/‘
\\\__ T

/" ‘\_\
< Execution Context )

SOA principal concepts from OASIS SOA-RM
The explanation for each concept is as follows:

e Service: A mechanismto enable access to one or more capabilities

e Visibility: A service provider and the service consumer need to see each other

e Interaction with services: Performing actions against a service such as
sending/recei ving messages

o Real world effect: The intent and result of interacting with a service

e Service description: The information required informationin order to interact
withaservice

e Policies and contracts: Policies are constraints to use a service, and contracts
are an agreement between two or more parties

e Execution context: A set of infrastructure elements, process entities, policy
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assertions and agreements, which are identified as a part of service interaction
between the service provider and service consumer

The following diagramis for the Oasis SOA-RM reference model describing the
Services.
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OASIS SOA Reference model diagram for service description

OASIS SOA-RM is atop-reference point for SOA concepts, and provides
foundational knowledge for SOA architecture. It not only provides the SOA

knowledge, but it can also be used to measure the sanity and validation check for
SOA architectures, frameworks, and i mpl ementati ons.
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Reference model and reference
architecturerelationship

The relationship between a reference model and reference architecture has been
defined very nicely by the OASIS SOA model; therefore, their diagramis as follows:

Refersnce Model
Mbstract J
F 9 ﬁ puiced by
- e i el ,
\ l,f/ .\'\ & = i \'I
[ Requircments [ [ Protocals l . Procles Pretocils
[ Mativation ] Profiles
)"'JLn'_& -erl_"_’ 4
| ﬂ— [ Specific at:nns] | Standards I:Q) Spegifications
e,
Standards
3 -. |
Inaut \ Architecture Work [ | Related Work )
_/ ‘\.‘_\__ d_,f o -
Tik'r:nr:r:-l.r!h-: frar %L‘JHEL’U--"&JC b ﬁ usE
- [ Senvice Qriented Archizecture Implementations
Concrete

Reference model relationship to reference architecture work (OASIS)

Fromthis preceding diagram, we can see that reference models work as the
fundamental guiding principles for a given domain, and are more abstract building

bl ocks of the architecture models.
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SOA Reference Architecture

A reference architecture is an architectural design pattern that i ndicates how an
abstract set of entities and rel ationships realizes a predetermined set of requirements,
fundamental concepts, and relationships (thet is, reference model) in the domain of
interest.

The purpose of reference architecture isto give arealization, whichis a high-level
solution artifact, and to architects, a standard model fromwhich to architect specific
solutions for their respective business domain.

According to TOGAF, and in general, we have the following reference architecture
continuum from abstract to concrete by influencing and refining further. For each of
these categories of architecture, we have areference architecture:

/\ Abstract [ Foundation Architecture ]
v

E Common System Architecture J
!

[ Industry Architecture J
v

\ Concrete [ Organization Selution Architecture }

Reference architecture continuum

The diagram means that an SOA reference architecture is categorized as a common
systems architecture. It's a generalized reference architecture for SOA, independent
of any specific industry and i mplementation.

The foll owing diagram shows the standard and widely adopted SOA reference
architecture as provided by The Open Group (TOG). Thisreference architectureis
focused on sol ution and application architecture as per the The Open Group
Architecture Framework (TOGAF). Generally, all SOA implementations
eventual ly satisfy the elements in this model:
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We will now see a simple description of these high-level layers, as mentioned in the
preceding SOA reference architecture:

Operational Systems layer: This contains the operational system components
of an enterprise. It primarily includes the infrastructure to support SOA

| mpl ementati on.

Service Components layer: This includes the software components, which
provide implementati on for the service.

Services layer: Thisincludes services with description, contracts, policies, and
contai ners with service components.

Business Processes layer: It's a collection of the business processes of an
enterprise.

Consumer Interfaces layer: Thisincludes the software components, which
enabl e users to interact and use the services.

Integration layer: Thisis probably the most critical layer for an SOA platform.
It provides the integrati on buil ding bl ocks, including messaging, message
transformati on, message hub, event processing, service composition, and
service registry discovery discovery.

Quiality of Service layer: Thislayer basically monitors, reports (and manages)
the quality of service of the SOA implementation, including its errors,
performance, reliability, availability, and security.

Information layer: Thislogically includes data, meta-data, analysis,

| nterpretati on, and transformation of data.

Governance layer: This layer contains the governance rules and regul ations,
and their application on the services and operations.
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Common reference information
architecture

I nformation architecture basi cally shows the informeation flow in the SOA

| mpl ementati on environment, and the i nteracti ons between different tiers, systems,
and processes. The following diagram shows the widely adopted IBM SOA
Foundati on reference informeati on architecture:

Enterprise security: Authentication, authorization, identity management,
access management, infermation privacy

Presentation tier Service lier Application Lier
Information Senvice Senvice Lepacy
systems repository mianager applications
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D semnvice bus e e
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L | Thin client application Client tier | Fat client custom application |
e

Infrastructure management: Hardware, network, hosting

Reference Information Architecture (IBM)
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Common reference | nfrastr ucture
architecture

The Infrastructure architecture depicts the fundamental infrastructure services
required to set up, build, deploy, and maintain the SOA platform components.

This hel ps in identifying the existing infrastructure, which could be affected by the
SOA implementation. It is also useful when making platform, technol ogy, and vendor
choices for the SOA platform.

The foll owing figure depicts the widely adopted IBM SOA Foundation reference
Infrastructure architecture:
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Reference Infrastructure Architecture (IBM)
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SOA features and components

Here, the SOA components that we will discuss are just to give you an idea about the
meta-technical architecture level concepts. These are not the de-facto standards, but

they provide a strong basis to build your organi zation's SOA architecture. Therefore,
we take a summarized | ook at one of the most common industry standard architecture.
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Service Component Architecture

Service Component Architecture (SCA) is one of the most popular standards,
dating from 2005. It defines the architectural components of an SOA platformina
technical manner. It is standardized by the OASIS, mainly in collaboration with IBM,
Oracle, and TIBCO.

It provides a model to compose applications that follow the SOA principles:

SCA Domain

} Composite Y A }f Compasite 7

Service . - | - | - - - - - T gt SE
| 2 !
! .
, .
L I Yy = -

Promote Promote

¢ Composite X

implementation
b

Composite A

In a nutshell, SCA has the following key el ements:

e Assembly model:
¢ Defines the structure of composite applications by having series of artifacts
defined by elements contained in XML files
Composite:
e Isabasic artifact, whichis the unit of deployment for SCA
o Contains one or more components
o Eventually, it holds remotely accessible services
Component:
¢ Contains business functions
¢ Functions are exposed as services, which can either be used internally or
by other components made availabl e through entry points
e \When a component depends on services provided by other components,
these dependencies are called References
Services:
e Remotely accessible web services, primarily based on XML
| mpl ementati ons:
e These are present in components
e They are configurabl e by the component statically or dynamically
e SCA provides the implementation and binding specifications
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e Policy Framework:
e Specifies how to add constraints, security, transactions, QoS, and
messaging policies
e Enterprise service bus (ESB):
e SCA specifiesinclusion and usage of the ESB
e Service Data Objects (SDO):
e Service Data Objects to access the data sources

With further sections, we will see the software i mplementati on perspectives of the
SOA platformand finally look at some indi cative sample code with .NET Core.
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Servicetypes

Services are the most i mportant aspect of the SOA.. In an SOA platform, you have
many services, and it is important to categorize them so that it is easy for service
devel opment and service managemern.

By achieving business processes in terms of service, it increases the modul arity,
busi ness under standing, improved and trackabl e i nformation flow, and better
organi zation of the business functionality; it also promotes reusability by exposing
service interfaces to other services and systens.

The foll owing tabl e describes the categories of services. Note that it's not required to
categorize your SOA servicesinthis particular way, but use this as a guidance inthe
right direction:

Serwce. Short description
categories
Interaction Primarily related to the presentation layer, it supports interaction

, between applications and users. Usually a part of the MVC
services

pattern.

Process Also called composite services, they provide the composition
Services logic, especially business flows. Could be part of the MVC

pattern.

Expose the data logic of the enterprise design. Provide access to
Information | the data storage. Could be part of the MVC pattern as well. These
services services could be sub-divided, and can have their own sub
architecture with respect to the enterprise data architecture.

Qc(l:cisr or Provide access to |egacy data or application. Provide accessto a
sera\ﬁ ces resource or expose the resources as a service.

They normally bind one service (usually, a producer) to more than
Mediation one service (data consumers). They provide routing logic of data
services and services, data enrichment, and filtering. Some also call it a
distributor service.

Business Provide encapsul ated busi ness functionality to internal and
services external consumers.

Enabl e application and enforcement of security attributes to other

Security
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Services SOA services. Provide interactive and non-interactive layers of

services as well as hookable services.
Registry Enabl e service discovery and service registry as well as policies
services by providing managed access to various SOA artifacts.
Infrastructure | Provide measurement and monitoring of infrastructure ensuring the
Services integrity of the SOA operational environmern.

Provide metrics, measurements, reporting services regarding other
Management | SOA services. Include outages, severe error detections and alerts,
services enforcing admi ni strative policies towards achieving and

mai ntai ning the service level.

These are, generally, an entire suite of services related to tooling
Development | like modeling, devel opment, testing, 1ogging, debugging,
services i nstrumentation, error reporting, and alerting used in an SOA

solution.

Mostly related to business intelligence services for improving
Strategy busi ness outcomes. Also may include the services that process the
services strategies of business to create an i mplementati on roadmap

covering both business and IT.
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Service composition

Service composition is the combination of existing services to create anew service,
or to achieve a newer functionality.

Since services are essentially business functions or processes in SOA, it describes
the capabilities of business. SOA enhances the visibility and capabilities of a

busi ness by all owing them to create new functions or capabilities by combining the
existing ones into a well-formed composition.

There are two primary styles of service composition on atheoretical level, which are
as follows:
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Service orchestration

According to the dictionary (www.merriam-webster.com), orchestration is defined as The
arrangement of a musical composition for performance by an orchestra.
Orchestration is a composition of services in which one of the servicesis a master
service, which controls, schedules, and directs all of the other services.
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Service choreogr aphy

The dictionary (www.merriam-webster.com) defines choreography as follows:

e Theart of symbolically representing dancing
e The composition and arrangement of dances especially for ballet

Basically, services can be compared 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 autonomous in how they all carry out the direction.

S0, in service choreography, the composed services interact and cooperate with each
other without the presence of a master, director, or controller service composing or
combining them.

An easy exampl e of this would be the execution of a combination of cross-
departmental or cross-organi zational services, where there is no single service
controlling the flow.

In the Microsoft world, we achieve service orchestration through the Windows
workflow foundation, and orchestration and choreography through the BiZzTalk server,
which al so supports Business Process Execution Language (BPEL).
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Common technology standards

Besides many other technol ogy standards, these are the most common ones that are
agreeably associated with the SOA platform:

Hypertext Transfer Protocol (HTTP) Hypertext Transfer Protocol)

XML Schema (XSD, DTD, or similar)

XML (For data representation, transfer, and/or storage)

SOAP (Messaging standard protocol)

Web Services Description Language (WSDL)

JSON (JavaScript Object Notation has | atel y become more popular than XML)
XPath, XQuery, and XSL Transformation

BPEL (Business Process Execution Language (XML- based construct for
services orchestration)

UDDI (Universal Description, Discovery, and Integration (UDDI))
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Service discovery

One may hardcode the URL of a service in the service consumer configurations, or
one can use the dynami c mechani sm to fetch the URL at program execution
(initialization) time. This fetching of the actual URL is part of service discovery.
UDDI is one of the ways to register services and their URLS, and also to retrieve
them by their respective consumers. Service discovery mechanism can also be
custom-built by an organi zati on in combi nation with the configurati on management
system. Most of the SOA sol utions provide service discovery as part of the sol ution.

This feature of SOA does not necessarily enforce the policy framework, while some
of the service discovery sol utions offer lifecycle management as well.
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M essage broker

A message broker inan enterprise is basically a message-oriented middleware,
whichis used for sending messages between two or more clients. Inasimple
mechanism, it's basically an implementati on support for the producer and consumer
pattern. In general, they provide one-to-one communi cati on (poi nt-to-poi nt/queues)
and one-to-many communi cati on (publish-subscribe/topics) as well.

Message broker promotes |oose coupling, and enables asynchronous communi cation
within distributed applications.

Some impl ementati ons use TCP as the underlying data transfer protocol, while others
also give provisions for UDP, Multicasts, and hybrids. Data types for payl oad that
are commonly available include string, binary, XML, and JSON along with the
options to enable compression.

There are some brokerless messaging approaches, but those are not found commonly
in SOA platforms.

Some of the message brokers in the market include IBM's WebSphere MQ,
Microsoft's MSMQ, Oracle's Service Bus, and TIBCO's EMS besides many others.
As an example, let's ook at some of the highs and lows of MSMQ. Note that these
points are just for demonstration, and in no way give an exhaustive product

eval uation.

The highs for MSMQ are as follows:

Built-in Microsoft Windows (infrastructure)

No need to pay extraif you have a Windows server license (cost)

Active Directory Integration (security)

Libraries already present with .NET Framework (not with .NET Core as of
now)

Transaction support (integrity)

The lows for MSMQ are as follows:

e Not so popular inbigger enterprises (popul arity here might be rel ated to
reliability, and the number of use cases supported)

e Limitations on the size of message and queue (limitations for big-sized message
flow)

e Not a cross-platform product
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