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Abstract

Developers are often reluctant to adapt to the new framework since they need to allocate
time in training and adapt. This study aims to determine the need for benchmarking JS
and React]S application in a developer’s viewpoint contributing detailed attention to React
features and in this context, evaluating the gap in comparing JS and React applications by
considering the performance as principal criteria.

To test the hypothesis, considered optimised methods, coding standards, and best practices
using proper design and structure, using event listeners in JS, react-virtualized list, avoiding
mutated values, and considering the production environment in React JS applications. The
results showed a massive difference in the performance between the applications in high-
traffic situations since the React application uses virtual DOM that rendered what is needed
at that point, making React]JS approximately 97% faster than Javascript.

On this basis, React should be considered for developing apps as its advantages outweigh

its disadvantages, making it easy to migrate for any organisations or developers.

Keywords— Benchmarking React, React performance, VDOM, JS vs React, react-virtualized
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Chapter 1
Introduction

This dissertation compares the current leader in the JavaScript Ul framework, React with vanilla
JavaScript. This research evaluates the performance, and other React features as they claim that React
helps improve an application's performance due to their concepts like virtual DOM and other features.
The study further helps expand further knowledge and investigation towards benchmarking React
library.

1.1 Background

As the emerging technology in the past decade, web applications have gained signi cant demand
leading to more and more applications; thereby end users tend to access these applications by connect-
ing to the Internet anywhere in the world. As far as August 2020, Javascript is the most demanding
client-side programming language that is used by 96.7% of the websites (Techs, 2020). Javascript is
continuously gaining popularity with emerging new libraries and frameworks. Frameworks are known

to dictate the application development process, reduce possible errors and the development time.
Every framework has its pros and cons, hence selecting the suitable framework for a Software product
is crucial for any company or a developer. As of 2020, React is one of the most used, and popular JS
frameworks (over ow Survey, 2020) (Neha Mali, 2020) (Grzybowska, 2020)(Petrov, 2020).

1.1.1 React

React is ef cient, exible and declarative open-source JavaScript library for developing interactive
user interfaces. React was outlined by a software engineer Jordan Walke at Facebook in 2011 that
was rst deployed on facebook's Newsfeed and then used by Instagram, Dropbox, Net ix, Tesla and
several other popular websites. The framework is maintained and developed by Facebook and the
community that strives to provide speed, simplicity and scalability. React is emerging with various
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features like React Native, which enables mobile development; React Fiber, React hooks and variety
of new features till date (Wikipedia, 2020).

1.1.2 Research Root cause

The main challenge facing developers is to choose the framework according to their requirements. As
we have known, Javascript is the most common client-side programming language which is emerging
entirely with new frameworks very often. With the growing varieties of JavaScript Frameworks,
developers are often nding it dif cult to select the most appropriate framework to use. However,
most of the time developers are reluctant to adapt to the new framework as they need to allocate time
in learning and adapting to the new framework. Researchers have been leading to analyse the various
JavaScript frameworks, evaluating, and differentiating between them. These research suggest that the
comparison is made between the frameworks and not with the vanilla javascript where the research
guestion arises whether these frameworks are better than vanilla JS as they claim to be?

1.2 Obijective

The study's main objective is the benchmarking of React Library by exploring the React library and
the subsequent ecosystem that has emerged from it on a de ned case study; contributing circum-
stantial attention to ReactDOM and component-driven environment. The result of this thesis will be
information that may be useful for software engineers, software architects or developers when they
are working to decide whether react library will be deserving for their proposed purpose.

1.3 Performance

The signi cant point of good web performance is making the websites and the process to perform
fast, that is, how swiftly a site can load, render and interact smoothly with the end-user, whereas bad
performance applications are slow in responding and communicating leads to abandonment of a site.
Performance might not be evident for users; however, many of them rapidly notice a sluggish website.
Web performance and development best practices are vital for the users' best experience as they result
in the accessibility of the websites.

The time taken to download an application is a signi cant problem as internet connection, and
bill varies per megabyte among different countries, reducing download and render time increases
customer retention rate. Users generally tend to abandon slow sites that take more than 3 seconds
to load, and the sites that are slow in reacting to user interactions (Developers, 2021b). There are
real-world examples where the small changes in the performance improvement have resulted in
positive trajectory regarding the user experience (Wpostats, 2020).
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1.3.1 Performance budget

Developing websites generally include a large number of binary le types such as images and videos.
Hence thorough decisions must be made to choose the tools to build the site that can signi cantly
affect the executed work's performance. Site speed also affects revenue, search engine ranking, and
user satisfaction. Hence, by reducing the data ow between the client and the server, reducing the size
of the media le reduces both time and the site's power consumption, which is one of the performance
budget goals(McGill, 2001).

The performance of the site perceived is user experience. As there is no detailed performance metrics
that can control affected performance by various factors, including network speed, and device
capabilities, it is better to decide the best-suited matrix before development phase to serve the
organisation's goals.

1.4 Scope and Limitation

The research scope is focused on designing and implementing a todo app using vanilla JS and React
library and comparing the architecture, syntax, lifecycle, and ease of using the third-party libraries.
The application's production builds performances is measured using developers tools. However, the
re ection of online resources for prediction, standard methods and coding algorithms is risky as it
might lose relevance. Regarding the artefacts, standard and most used concepts and methodologies
are adopted to demonstrate the subject's analysis.

1.5 Document Structure

This dissertation is outlined as follows; a brief introduction, de nition and background and perfor-
mance optimisation in Javascript and React have mentioned in chapter 2, which presents the literature
review. The application's problem statement and architecture will follow up in chapter 3. Chapter

4 describes the implementation of the proposed application and software and tools used to do so
followed by experimentation on benchmarking the react concerning javascript in the adjacent Chapter
5. Conclusively, Chapter 6 representing the conclusion and recommendation for future research.



Chapter 2
Literature Review

The following is a literature review for a React application benchmark comparing it with a Javascript
and giving it a developer perspective in benchmarking. The intent throughout is to explore the various
features of React JS, primarily concentrating on its performance. While there has been much research
comparing various Javascript frameworks, few researchers have considered React JS a popular and
widely used JS framework. Many research types had focused on comparing just the frameworks,
and few had suggested that comparing with primary JS might be interesting as the development
was using the core JS for these frameworks. In most of the research papers, the authors point that
the application's performance plays a pivotal point for developing the application while considering
that a lack of performance may result in the entire cost of application because it leads to a bad user
experience.

The prototype will be build using a ToDo application to compare the performance between
Javascript and React. This section helps with the information needed with the best methods for
maintaining the performance and developing the optimised Javascript and React JS applications from
various research methods.

2.1 Javascript

This section gives an overview of the programming language “Javascript' followed by its ability to
modify an element's DOM. Javascript is a high-level, object-oriented programming language that
supports functional, event-driven, and imperative programming styles designed by Brendan Eich at
Netscape in 1995. Also, it contains APIs concerning DOM, data structures and many more.

We all know that web browsing is one of the most important purposes for the user. User
browses through electronic devices such as smartphones and tablets to visit websites. Modern web
browsers support downloading resources used in the websites into local disks. Some les such as
HTML, JavaScript, and image les are downloaded and saved in cache memory to make the website
performance better by loading the users' already downloaded pages. The careful research should
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improve this user experience by keeping in mind the internet speed, memory, and other users' factors
for downloading so that the page gets downloaded only once and the small changes must not make the
entire page load repeatedly. In the research (étexd., 2016), the author gives a complete graphical
picture of signi cant performance improvement in JS by amortising the compilation cost through
reuse of data that can bene t the code caching. These works help to consider the scenarios concerning
Javascript at the beginning stage carefully.

2.1.1 JS Frameworks

In these days developers often use more than one framework to achieve their job in developing
a good website using javascript that raised the problem to choose a perfect JS framework among
the wide variety of availabilities of framework or libraries. There have been thoughtful decisions
about the performance aspect of the JavaScript programming language while developing, henceforth
in (Mariano, 2017), research was conducted regarding the comparison of JavaScript frameworks
using computer benchmarks, and experiments to measure the metrics. In this research, the author
gives a great idea of comparing Javascript frameworks and mentions to compare the framework with
primary JS, which questions whether these frameworks are better than vanilla Javascript? Why these
frameworks are better to use, and when would it be used?

Along with this, In the conference proceedings, (Delcev and Draskovic, 2018), researchers
compare the most popular JS frameworks based on the MVC architecture to present the bene ts
and drawbacks of every framework, JS applications testing, and its impact performance, and forms
of improving code security. In this research, the author states that many factors in uenced the
framework's selection and revealed that some of them leave a lot of decision making to developers.

Even the author of the journal (Gizatal,, 2012) agrees that for web developers, it is crucial to
pick the JavaScript framework that contributes high-quality code and good performance. The research
outlines the pros and cons of JavaScript frameworks and signify, and where the problematical area
probably needs an improvement in the next versions else, it would go extinct its identity as seen by
today that many of the frameworks do not go in the business as seen by today.

Article (Mahmood, 2018) states that choosing a framework is more of a business decision than
technological and it also states React is one such Javascript library that has achieved massive popularity
which turns out into great looking Ul. The author says that the development of React was on the
business-forward mindset by supporting faster web application load speed, code reusability, and
SEO friendliness through combining the HTML and Javascript. He also tells that React's advantages
to outweigh its disadvantages, making it a robust and adaptable programming library that makes
organisations recognising this fact and investing in this technology. With the advanced technology and
options, users are quicker to choose choices in the case of poor application performance, and product
developers have to make a vital decision call when giving justice to the application by deciding the
right framework for creating the best looking and performance to drive user leads and then monetary
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sales, ultimately. He concludes that the React library helps companies achieve their goals by sustaining
the market's signi cance for a longer time to come.

2.1.1.1 Selection of React framework

In a study about the comparison of Single-page application (Molin, 2016), criteria and questions
are collected to consider a SPA framework chosen by research and interviews with developers over
comparative methods. The author makes the theoretical judgment and declares Angular JS is the
popular framework based on popularity, which makes the study questionable because the sample
group considered in the research might not lead to accurate ndings.

In the paper (Kalu a and Vukelic, 2018), the author discusses why manually writing a program
code creates complexity in the entire application that advances low code quality. Consequently, it is
easy to maintain the code quality and structure in multi-page applications or single-page applications
using the framework. For any hypothesis, the developers consider popular frameworks. According to
the analysis results among Vue, React, and Angular frameworks, the Vue.js and React framework has
proved to be suitable for developing both multi-page and single-page applications.

In the thesis (Wohlgethan, 2018), the author has tried to answer the excellent question that is:
Does any one of the frameworks among Angular, React, and Vue JS stand out, whether there is any
recommendation of the use of a particular framework in the aspects of web development for the
majority of use cases?. The question sounds just right and acknowledged, as it is a fundamental
guestion that arises among developers or organisation before starting any new project. The author
con rms that the answer to the above question is a big no as the decisions depend purely on use
cases and different factors such as the size of the projects, knowledge, and developers' experience.
By considering these factors, he has seen all framework stand far individually from each other. The
author from (Wohlgethan, 2018) summarises that React is recommended for its high importance of
exibility, serving a large scale of applications, its strong focus on using JavaScript and usage within
large ecosystems. Deciding to adopt a new framework is a big deciding point for companies; where
large companies need to take more time for evaluating since a small decision might lead to more
immense nancial struggles. Simultaneously, smaller start-ups and more small development teams
can test and adapt to a new framework more quickly. He suggests that their life cycle indicates how
long they can be around the market in the JS frameworks' future work. He implies considering aspects
like an additional speed comparison despite the approach may vary as per the requirements and the
development of any web applications would go constant change in the process.

2.2 ReactJS

ReactJS, widely known as React or React.js, is an open-source JavaScript library for developing
interactive user interfaces. It is known for handling the view layer within single-page applications and
mobile applications development. This framework is maintained and developed by Facebook and the
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community that strives to provide speed, simplicity and scalability. Main specialities of Reactjs is that
its declarative view, component-based and learn once write anywhere methodologies. Some of its
most notable features are JSX, Stateful components, Virtual Document Object Model.

As the growth of social networking applications is rapidly growing, in the work (KhuatKhuat,
2018), the author develops an application that serves as one of the content management systems
to manage vast amounts of data using a widely popular framework ReactJS. The researcher has
selected React framework as it strives to provide speed and simplicity, where he concludes that React's
product was a great success and resulted in excellent maintainability, modi ability, and scalability.
As the product developed was in the initial stage, there has to be code maintainability to update the
app according to the new requirements and features, which could be achieved quickly without any
impediment. The framework's component-based structure encourages the developer for obvious code
readability and maintainability.

In (Aggarwal, 2018), the author says React supports the development of complex applications
that changes data without an entire page reload. He states that a few popular React features like
VirtualDOM, JSX, and one-way data ow help the React library perform better, even with trivial
disadvantages to meeting the requirements of today's trends. He mentions some of the limitations
include only handling the view entity in the mobile view controller(MVC) whereby, additional tooling
is required to complete the project development. Use of inline templates and JSX for few developers
might be an intensively complex and tiring task. Also, in ReactJS, failures happen at compile-time
not runtime, which can be very rambling.

React is good on single page application and command to make it fast, responsive and user-
friendly. The main design of React is to build large-scale applications with continuous change in data
that changes over time. The combination of interactive Uls, component-based structure, JSX support
and much more makes it a reasonable choice for enterprises or start-ups.

2.3 What s the Virtual DOM?

The VDOM widely known a Virtual DOM is a programming concept where a virtual representation of
a Ul is stored in the memory and synchronised with the real DOM. The process is generally known as
reconciliation. The virtual representation of VDOM that shows the difference between virtual DOM
and real DOM and how React updates the changed node instead of uploading the entire node is as
shown in Fig 2.1. VDOM. This approach facilitates the declarative API, where the state is assigned to
ensure the DOM matches the state. It abstracts the attribute manipulation, event handling, and manual
DOM updating. For heavy loaded and dynamic software solutions, even small DOM changes at the
upper layer can cause awful ripples to the interface handled through virtual DOM.

The current trend in building websites is creating SPAs, the purpose of this article (Timanovskyi
and Plechawska-Wajcik, 2020) was to compare the performance of the Vue.js and Angular JavaScript
platforms in SPA whose components are downloaded once on one page and update is focused on the
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Fig. 2.1 VDOM (Source: (Git, 2020))

client-side. The author claims Vue.js and Angular do remain ef cient tools that facilitate creating a
SPA, while the results of the research con rm that Vue.js is more ef cient, which uses React's VDOM
and props to send data from parent to child components and check the updates.

Similar research published by (Boczkowski andh@ayk, 2020) where the researchers show
the comparison of application performance is developed and, conducted between React and Vue
applications. Analysis outcomes reveal performance differences between React and Vue stand neck-to-
neck where React slightly outperforms Vue on low-row components. However, it changes if the built
view has a larger number of items. The researchers state that the right way is to generate views that do
not display excessive information at once while developing front-end programming. According to this
journal, the performance is good in both the Javascript frameworks, which uses virtual DOM features.

2.3.1 Reconciliation

The VDOM widely known a Virtual DOM is a programming concept where a virtual representation

of a Ul is stored in the memory and synchronised with the real DOM. The process is generally known
as reconciliation. This approach facilitates the declarative API, where the state is assigned to ensure
the DOM matches the state. It abstracts the attribute manipulation, event handling, and manual DOM
updating. A part of “virtual DOM” implementation in React uses internal objects “ bers” to contain
further information on the component tree. This concept guarantees better user experience and higher
app performance(Org, 2021b).
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2.3.2 Why is DOM updating costly?

Every time to fetch a node property, the browsers have to search, check, parse many properties and
value for each node where the problem arises while manipulating many nodes due to which DOM
gets bloated. With all the new properties and APIs of HTML5 adds more further to the bloat problem.
React aids to solve this problem through automation at the expense of some memory, parsing overhead
and the tolerable combined complexity.

2.4 Data binding in React

In React apps, the data passed down from components to their children, and they organise as a series
of nested components. The components receive information through arguments and pass information
via their return values called unidirectional data ow or one-way data binding. Components will not
read or modify DOM directly.

After the 2019 IEEE International Conference on Electrical, Computer and Communication
Technologies (ICECCT), in the proceedings (Javeed, 2019), the authors mention that React has
gained importance across other frameworks such as Angular, Vue over the years. He mentions
it is because of React's Virtual DOM implementation, whose primary focus is on improving the
performance. However, he noti es that failing to anticipate the problems like component re-rendering,
lag due to background computations, loading data at a single stretch in the hierarchy will degrade
the performance. In this paper, the author had described the most bene cial ways such as reducing
the abundance usage of state and prop variables, splitting the main component into independent
components, utilising the existing component instances, and virtual DOM dif ng which can be used
in this research to optimise the React app during development.

2.5 Performance Optimisation in Javascript and React

By using React, the number of costly DOM operations required to update the Ul can be minimised.
React provides a production-ready version for benchmarking, while the development versions provide
warnings that are useful in development. The ability to reuse the system components solves the issue
of affecting the change in one component with another. The approach of components having internal
logic making it easier to manage and de ne that ensures consistent app look and facilitates codebase
maintenance and growth. The visualisation of how components mount, update, and unmount, can be
done using the performance tools in supported browsers. React claims to provide the best performance
technique called “windowing” for rendering a long list of data which renders a small subset of the
rows at one particular time that reduces the time it usually takes to re-render the components as well
as the number of DOM nodes created.

The article (Patrylo and Marek, 2017) shows the comparison of ef ciency between AngularJS and
VueJS frameworks famous for creating user interfaces. The authors focus on value analysis regarding
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lines of code and structure of frameworks in which they prove that the hypothesis af rming Angular
structure is wrong, and Vue JS framework is better, which performs well in the data processing.

The article (Basques, 2020) shows how to analyse a web page's performance by using Chrome
DevTools that helps to decide and makes it easy to check the application's performance. Different
ways to nd how much time a Javascript function, loop, or any operation takes to execute contains
below three methods that are using console.time and console.timeEnd, performance.now, and online
performance testing tools according to (Org, 2019).

In the thesis (Tomas, 2007), the author compared the web frameworks and declared the signi cant
and essential benchmarking methods like time spent developing pages, time consumed altering an
existing application, the size of code written for the app for the requested features. Also, he has done
a subjective judgement by considering the complexity in technology, complexity in setting up a new
project and quality of support provided by the developers of the frameworks in case of assistance
required or the available sources for xing the issue found in the framework's functional usage. These
factors might seem trivial but makes a huge discrepancy in the performance of the product developed.

The next section will explain and examine whether this framework shows good performance than
Javascript by using a Todo application in ReactJS. As the comparison always tends to make between
two different frameworks, there is a gap in the primary JS comparison with frameworks. Henceforth,
this paper will explain how React is used to optimise DOM manipulations compared to Javascript.



Chapter 3
Problem Statement and Architecture

The aim is to develop an information system detailing a responsive web application for the front
end using vanilla JS and React JS framework. The requirements collected for the development of an
application are as shown in the use case diagram Fig 3.1. The use case diagram shows, the applications
developed in both JS and ReactJS contain:

 Standard functionalities like home page which displays the previously attached todo list
» Adding a new task to the list
» Changing the status of the application from incompleted to completed or vice versa

 Deleting the list item from the task list

3.1 Technologies Implemented

After a useful review of research, the application develops in Javascript and ReactJS with considering
all the optimised methods and features. The application uses optimised coding methods for Javascript
and ReactJS to get the best performance from each platform. Both the application uses the same
functionality and design. The code is maintained using the content management system, GIT. Hosting
of an application is done on a well-known cloud computing service AWS using an EC2 instance to
show the difference in loading time between JS app and React app.

The Software used and technologies implemented are listed below for the implementation of the
Todo app in different platforms:
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Fig. 3.1 Use Case diagram

3.1.1 Javascript application
3.1.1.1 HTML and CSS

HTML helps create and modify the content of the webpage, which is a mark-up based pattern, with the
latest version HTML5 that uses semantic tags to the structure of the page. It runs mobile applications
cross-platform, as one can implement features designed with low-powered devices in mind. Many
of the new features of HTML5 comes with performance improvement when combined with JS with
the concept of web workers, caching DOM nodes and local storage options. A CSS that stands for
cascading style sheet is a language for representing the website's appearance comprising many things
that consist of colours, layout, and fonts to manipulate the look and style on different devices by
including rules, styles, and responsiveness.

3.1.1.2 JS

Javascript, a programming language that controls the functioning of the webpage by making the
user-friendly website interactions. Widely known for its dynamicity, such as changing text, content or
images that resize on a website written in JS. In combination with tools like Node.js, it also serves
as server-side programming that makes a website work on a web server. Several technologies have
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developed to create mobile applications, and small scale game development using the Javascript
programming language.

The webpage developed has to be good with performance with optimised code, the following are
concepts from JS that help to achieve the development of the application as per the requirement:

JS functions Javascript functions are the heart of Javascript where most of the beauty and the
power of the language is, says American computer programmer Douglas Crockford who was involved

in the development of JS language. Functions can be seen as Javascript's workhorses as they play
multiple roles that other languages ful | with various distinct features, including classes and modules,
procedures, methods, and constructors. It always takes time to learn to use functions in a different
context effectively; meanwhile, the developer must know the concepts of function structure, object
function, function arguments, function prototype, variable scope, variable hoisting as these helps in
achieving the performance of the webpage.(Codinggame, 2019)

Document Object Model When a web page loads the browser generates a Document Object
Model of the page, Javascript can access and modify all the elements of an HTML DOM model
constructed as a tree of objects.

JS DOM events and event listeners The interaction between Javascript and HTML handles
through actions that occur when the user or the browser itself changes the page; these actions are
events. In the application, some important events that occur with webpages like page load, button
clicks, enter keypresses, hovers, and form submissions have been handled in the Todo app bringing
everything together and truly making the webpage interactive. Event listeners listen to an event on
the element to a property triggered instead of assigning the event directly on an element that takes
two necessary parameters, the event to listen for and the listener callback function. One of the best
advantages of event listener is that it can set multiple event listeners on the same element.

JS JSON Among the growth of more AJAX-based sites, the data must load very quickly and
asynchronously without delaying page rendering. JSON is a format used to store and transport data
de ned from Javascript object notation syntax, which is exclusively text. It unquestionably requires
more limited coding and smaller size, advancing it faster to process and transmit data that is easy to
parse data format requiring no additional parsing code. Since the prototype comprises a list of data,
JSON object would be the perfect tto display a list of Todo items in the webpage.

JS Performance Javascript provides some of the performance optimisations to speed up the code.
Some of the methods are reducing activity in loops that execute each iteration, therefore making
the statements or assignments placed outside the loop will make the loop run faster; reducing DOM
access by accessing it once, and use it as a local variable accessing a DOM element several times. For
smaller devices, the memory always values more, keeping the number of elements in the HTML DOM
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small leads to improve page loading, and speed up rendering. Placing the scripts at the bottom of the
page body in HTML lets the browser render the page rst as per the HTTP speci cation, specifying
that browsers should not download numerous components in correspondence.

3.1.2 ReactJS application
3.1.2.1 Props and states

Properties, popularly known as props in React are objects of arbitrary inputs that a react's functional
component accepts as an argument in the beginning. On the other hand, the state is data that changes
over the lifecycle of a particular instance of a component. Props contain the parent component's
information and are immutable, whereas the states are the private information of the component that
can be initialised, updated using setState functions, and use on its own. Props tend to have better
performance compared to the state(Org, 2018).

3.1.2.2 Components

Components split the Ul into reusable, independent divisions of the applications just like JS functions
accepting optional inputs in the name of props and returns react elements that describe what should
appear on the screen. Components could be of two different types, namely functional and class
components(Org, 2020c).

Functional Components Functional components are just like traditional Javascript functions
which are the more common components that will appear over any development while working in
React. Functional components return a react element without any render method accepting props as
an argument, unlike class components. Consequently, they are named stateless components as they
accept data and solely responsible for rendering Ul without using any of the lifecycle methods as
React is recognised. As the technology is improving, the frameworks are updated, React in recent
years let us use React life cycle methods and state options in functional components with React Hooks'
help(Org, 2020a).

Class Components Class components are simple classes that are composed of many functions to
add functionality over the application. It is used in the application by extending from React. They are
known as stateful components as they implement logic and state. React's class components support
the use of React lifecycle methods inside them.

3.1.2.3 React Life cycle methods

React life cycle methods are the sequence of events from the beginning of a React component to its
destruction. Each component in React passes through a lifecycle of events as going through a period
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of birth, growth, and death; where mounting represents the birth of the component, update signi es
the component's growth and unmount as the death of the component.(Org, 2021a)

React Lifecycle Methods The Fig 3.2 represents the lifecycle methods of React component from
mounting to unmounting.

Fig. 3.2 React life clycle methods (Source: (Maj, 2021))

Contructor Method The constructor method is triggered before the component mount and
typically used for the initialising local state by assigning the object to state, and binding event handler
methods. The super(props) is initiated in a component subclass to avoid unde ned props in the

constructor. The constructor is the only place to initialise all the state and cannot use the setState
method.

Render The render method is the most practised lifecycle method in all React classes which is
the only required method within a class component. As the name implies, it handles the rendering
during the mounting and updating of the Ul component. Render methods are always pure functions
that do not have any side-effects and returns the same output for the same inputs passed. The
modi cation of state component is restricted, the modi cation of the component state must always
happen through other lifecycle methods making the app easy to maintain.
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3.1.2.4 React Virtualized

React-virtualized is an open-source, stable and maintained library which implements virtual rendering
with multiple set of components. The concept is to render only visible data to the user instead of
loading a massive number of data that are not visible in the viewport. React-virtualize calculates
visible items by the action like scrolling or click on the next set of the list by the user inside the area
and unloads them when they are not visible replacing them with new ones. The react-virtualised list is
one of the main components that renders a list of elements to reduce slow initial rendering and laggy
scrolling due to a large set of data.

3.1.3 Node-RED

Node-RED is a ow-based programming tool that gives a browser-based editor making it easy to pipe
together ows in the dashboard using the wide range of nodes deployed to its runtime in an easy click
to deploy option.(Org., 2021)

3.1.4 Cloud Services

Cloud services cloud computing provides servers, storage, and other network resources that can be
controlled based on the requirement remotely. Amazon Web Services, widely known as AWS, are
one of the platforms that provide on-demand cloud computing programs and APIs to individuals,
companies, and other regulatory organisation, on a pay as go basis that can be activated and deactivated
depending on the requirement for any application which helps in decreasing cost and increasing the
ef ciency of the entire system.

The following are some of the services for the development of Todo application are mentioned
below:

3.1.41 AWSEC2

Amazon Elastic Compute Cloud popularly known as Amazon EC2 is a network service that provides
secure and modi able module in the cloud. The webpage has hosted on AWS EC2 instance, mak-
ing web-scale cloud computing easier for developers that allow complete control of the resources
and run servers on Amazon's proven computing environment using the assigned AWS domain.
(Cloud Services, 2020)

Security groups For the EC2 instance, a security group serves as a virtual rewall regulating
incoming traf ¢ using inbound rules control and outgoing traf ¢ using outbound rules control. The
speci cation of one or more security groups is speci ed when the instance launches else amazon EC2
uses default security group. It allows to add any number of rules and modify rules that automatically
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apply to all instances associated with the security group by evaluating all the rules associated with the
instance.

3.1.4.2 Secure Shell

The Secure Shell protocol operates on TCP port 22, allowing a client to establish only trusted users
to login using authentication and transfer data that encrypted through a secure connection with the
server. A well-known terminal application like putty on windows or terminal on a MAC device can
connect using SSH into a server.

3.1.4.3 Secure Copy Protocol

SSH File Transfer Protocol is a well-known secure le transfer protocol that runs over the SSH
protocol which supports the full security and authentication functionality of SSH. SFTP handles more
securely and with extra reliability, including more straightforward con guration by providing all the
protocols' functionality. It protects the data integrity utilising encryption and cryptographic hash
functions and authenticates both the server and the user by protecting against exploits, attacks or any
password snif ng act.

3.1.5 Version control system

Git is a famous open-source distributed version control system for tracking changes from small to
substantial projects in any set of les with outstanding performance. It provides excellent features
like branching, mergings and staging area where the code commits can be formatted and reviewed
as per the site(Git, 2020). Git allows the developers to easily download and upload new versions
by storing changes more ef ciently and with better le integrity. GitHub is a Git repository hosting
service including a command-line tool it provides a web-based graphical interface and other features
like task management tools for every project. A repository is a location; all the les stores in GitHub
allow access with a unique URL.

3.1.6 Performance Tools
3.1.6.1 Lighthouse

Lighthouse is an automated, open-source tool for improving the quality that runs against any web
page. It is available in chrome dev tools, and audits concerning performance, accessibility, progressive
web apps, SEO and best practices suggesting improvements with reference document explaining how
to x the issues(Developers, 2021a).



Chapter 4
Implementation

There were a standard style and functionality planned for the Todo application. The webpage design
displayed a list of previous todo list on page load and allows the user to add a new list item, update
the status of the list item and delete the list item as per the planned use case diagram(Fig 3.1). The
development of the application style made sure that the page was responsive, considering most devices.
Javascript and React Todo list page developed and deployed on the node-red server to compare the
performance. The code for the application can be accessed using (NS, 2021a).

4.1 Javascript Todo Application

Over here, keeping the functionality and style in mind, the Javascript Todo implementation is built.
The implementation uses the popular web development tools like HTML5, CSS3, and JS with JSON
data that generally update the new data without developer intervention. The whole front end the
website was designed with HTML and CSS, making the website responsive. In HTML, the form
with input type text takes input from the user and adds it as a new task. To display the list unordered
list adds all the list items through javascript. Meta tag sets the viewport to adjust to mobile devices,
and link tag links the stylesheet furthermore the script tag loads all the script les that handle the
functionality. Basic styling standards and pseudo-classes and margin function from CSS, make the
application better in appearance. A dummy list is created in Listitem.js le to display the previous
todo list using the function as seen in appendix A. As part of the scripting, event listeners listen
to events like DOMContentLoaded where the content is loaded, click events that add the new task,
update the task’s status, or deletes the todo tasks. The displayTodos function from the javascript
artefacts (NS, 2021b) uses a for each function and takes the JSON object from the list item le display
the appended list dynamically. The event listener's key-down event makes sure that the input value
from the user in the input form appends to the list on the pressing the enter key. In-built performance
now functions consoles the log of time taken in executing each functionality.
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4.2 React JS Todo Application

For React application development, the rst step uses a comnmgxc;reate-react-app react-agpat
creates a virtual react environment inside the folder react+gpp,startcommand begins the react
application in the localhost. The basic html generates in the public folder, and the ReactDOM package
renders the app component to the html root element. App js le contains four componensppith

as the main component that useadermethod to render the other three componeftstoHeader,
TodoForm, and TodoListltenThe application divides into components so that the code is easy to
maintain improving every functionality's readability.

In TodoHeadecomponent, the webpage renders the heading of applicdiimmFormcomponent
displays the form with input that takes user input to add a new list item, including the event submit,
and handle-change event. On the form submit, the input trigagdsétemfunction in theApp
component, which adds the new item to the list. TodoListltenrenderd_ist component from the
react-virtualized package as this library helps display the list items according to the viewport with the
concept called windowing, instead of loading the entire list that makes the application performance
terrible. The List component consistslstHeight, rowHeight, rowWidtto display only a few list
items from the vast list data wittowrendermethod, that returns the content of each list item. The
TodoListltencomponent bindsnClickDoneandonClickClosemethods for each row that triggers
markTodoDone and removeltdrom App component to remove the item or change the status of item
between done and not done when triggered by the user.

4.3 Node-RED Dashboard

The complete architecture is as shown in the Fig 4.1. Use of “Template” nodes to display Javascript
and React's applications using an iframe template. The display of time taken to load, another
architecture is designed, which involves Ul control as the initial node that triggers connection, refresh
or tab changing. The output from this control node is switched between Javascript and React “HTTP
request” nodes. In the next stage, “change” nodes are used considering Initial load timestamp as
one node being a topic A, and other after Javascript HTTP request node being a topic B. Both these
change nodes send timestamp and payload to the “delta” node that gives the difference between the
timestamps. The delta node is followed by a “switch” node that lters garbage value and sends the
value to the “text” node that displays the difference on the dashboard. Here the value displayed for
loading shows the page load time and not the script loading time.

4.4 Cloud deployment

An Ubuntu EC2 instance is created(Fig 4.2) along with a new key pair to connect to the instance
securely before launching an instance(Fig 4.3). In the network and security section, inbound rules
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Fig. 4.1 Nodered ow architecture

indicate as shown in Fig 4.4. For the service to deploy a javascript, 8080 port is enabled; similarly,
3000 for react application, 22 for SSH, 1880 for Node-RED, and Nginx works on port number 80
by default. The secure SSH accessed the server securely and used SCP to transfer les to ubuntu
instance, as shown in Fig 4.5. The GitHub repository is cloned inside the instance using the command
“git clone https://github.com/ChandanaNS/ReactPerformanceBenchmark.git”. The latest code from
the gitis pulled as seen in Fig 4.6.

Fig. 4.2 Ubuntu EC2 instance creation
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Fig. 4.3 Ubuntu instance keypair

Fig. 4.4 Inbound rules set for security group

4.4.1 JS application deployement

The handling of javascript project's deployment happened in the main folder, and the rst step
was installing the Nginx, an open-source package followed by starting the Nginx services. The
folder generates the default html folder after installation of Nginx, and a new example folder added
along with html folder where the transformation of code carried through SCP command contains the
javascript code. The permission grant was successful using the chmod command, later modi ed over
the sites-available le from home as it signi es con guration of ports that is 8080. The Javascript
application is accessed using the URttp://52.49.219.109:808ollowing are the commands

used for javascript deployment:

 aptinstall nginx

 sudo systemctl start nginx
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* cd /var/www/

Fig. 4.5 Secure SSH

Fig. 4.6 Data from GIT repository
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sudo chmod -r 755/var/www/example.com
« sudo scp -r /home/ubuntu/ReactPerformanceBenchmark/Javascript/* /var/www/example.com/html
e cd/

« sudo nano /etc/nginx/sites-available/example

4.4.2 React application deployement

Deployment of react project is pretty simple with all the resources ready. The rst step was installing
an npm package manager following with npm installation, after that, installing a project management
module to run the application continuously, and nally began the application inside the React folder.
The React application is accessed using the WRp://52.49.219.109:3000/The commands
followed to set up a react project are as below:

« aptinstall npm

e npm install

e npm install pm2 -g
e npm start

For benchmarking, development build makes the React apps slower, which is overcome using mini ed
production build. Commands to run the react application using build server from development server
are mentioned below:

e npm install -g serve
* serve -s build

e pm2 serve build 3000 —spa

4.4.3 Node-RED dashboard deployement

The React and Javascript web page comparison was rendered on a dashboard using the Node-RED
platform(Org., 2021). Node-RED and nodeJS installed on to the EC2 instance, and a package service
to start them automatically run when an instance restarts using the below commands:

» bash <(curl -sL https://raw.githubusercontent.com/node-red/linux-installers/master/deb/update-
nodejs-and-nodered)

 sudo systemctl enable nodered.service
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The inbound rules assigned in security groups are as shown in (Fig 4.4. Inbound rules). The
dashboard's node-red architecture had been installed and initialized by adding a template node, and
both the JS and React applications by rendering inside an iframe. The visualization of the data can be
accessed on the run time using AWS DNS or IP with default node-red port 1880(Fig 4.7. dashboard).

The node-red dashboard that shows both javascript and react applications can be accessed using the
URL http://52.49.219.109:1880/ui/

Fig. 4.7 Nodered Dashboard to compare JS and React applications



Chapter 5
Results

This chapter presents the comparison results with the de ned criteria where the comparison made
on vanilla Javascript and React JS library as per the gap found in the literature review answering the
guestions below:

« Why choose to React JS?
» Will migrating to React JS is worth for the company efforts?
* Does React JS make maintaining code easier?

» Does React JS make it more manageable to control application performance?

The previous experience with the frameworks mentioned here may be possible to obtain the
information about frameworks learning curves from the results. Two years of experience in React JS
and four years of Javascript experience supported implementing the optimised code more comfortably.

In the rst stage of implementation, the consideration of standard todo application feature design
for both the applications made it easier to focus on building the functionalities. The best practices
reviewed from the literature review helped to follow the optimised methods to use in Javascript and
React JS applications development.

Below are a few metrics considered to benchmark React application to Javascript:

5.1 Performance

The main purpose of the study to verify whether React performs better than vanilla JS. Considering
all the best cases in development and the developer's perspective, the same design implemented in JS
and ReactJS shows a vast difference. In the rst stage, the app loaded with a few list items that did
not show any signi cant use of React JS as the Javascript app performance was the same as ReactJS,
sometimes Javascript app responded better as shown in Fig 5.1. The gure shows the best performance
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of JS compared to React from where the question arose "If JS can do so well with performance,
why other frameworks?". For a small list, JS performed so well, but the research continued to check
whether the results would be the same for long list items. As research progressed, some of the article
and developers suggested that the concept of windowing was the best option when handling long
list((Akintayo, 2019), (Org, 2020b)). The list item might keep growing on a practical scenario in a
todo app as the user tends to add a todo item to the list each day. Instead of just a few items, a function
generates a dummy list in the list item le furthermore appending ten thousand items to the list as
shown in the A.

Fig. 5.1 Javascript Todo app performance for small list

When both the applications deployed on an EC2 instance, from google chrome developer tools,
the lighthouse is run against a desktop device which generates the report based on different categories.
Although using best practices as per the developer's understanding, after loading the list of ten thousand
items, Javascript shows the worst performance. On the other hand, React JS shows extensively good
performance. The React's mini ed version that generates using production build improves the
application's performance even more.

From the Fig 5.12, as the gure shows that the performance of the React application is of 99
out of 100 based on different metrics where all the metrics consumes less than 10ms giving a React
best performance without taking extra developer time for performance improvements. On a broader
picture, viewing the original trace(Fig 5.2) from the Google developer tools' performance tab, the
summary ranges between 57 ms to 407 ms.

Similarly, the Fig 5.3 shows de cient performance with 6 out of 100 where most of the metrics
consume almost 10s with the blocking time of 1110ms because of the long list. Viewing the original
trace(Fig 5.4) from the performance tab shows that summary ranges between 0 to 13s.
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Fig. 5.2 React performance Trace

Fig. 5.3 Javascript Todo app performance

If tracing is made between JS and React performance tab on different matrics, the table 5.1 give
a broader picture. The table shows that a signi cant time difference is in scripting, rendering, and
loading, which causes a total of 11920ms due to a massive list of todo items. It shows that React is



5.1 Performance 28

Fig. 5.4 JS performance Trace

Summary JS React Time Difference in ms
Loading | 10ms | 644 ms | 634
Scripting | 63 ms | 7938 ms | 7875
Rendering| 21 ms | 3432 ms | 3411
Painting | 5ms 18 ms 13
System 70ms | 572ms | 472
Idle 181 ms| 460 ms | 279
Total 349 ms| 13063 ms| 12714
Table 5.1 Performance difference between JS and React Todo application

way faster than Javascript as it uses the concept of windowing with the help of the react-virtualized
library.

Other than the performance, it also shows that React application follows best practices by scoring
93 out of 100. It also scored average on metrics, accessibility and search engine optimization with 82
and 80 out of 100.

As mentioned earlier, the result of tracing the performance based on the different functionalities
of the app, like adding a new task, updating the task, and deleting the task is as demonstrated below:

Add new todo list item The Fig 5.5 shows the trace of JS and Fig 5.6 shows the trace of the
React. From both the gure, it can be noted that React takes approximately just 25ms for event
activity, whereas JS takes around 10450ms. Similarly, all the other activities like recalculating style,
layout, updating the tree, and other activities take more than 1000ms in JS compared to React JS.
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Fig. 5.5 Add new item JS performance

Fig. 5.6 Add new item React performance

Update todo list item The Fig 5.7 shows the trace of JS and Fig 5.8 shows the trace of the React.
Even though the update task did not consume as much time as add task, the percentage difference is
almost the same where JS takes around 7000ms but React takes 28ms for event activity.

Delete todo list item The Fig 5.9 shows the trace of JS and Fig 5.10 shows the trace of the React.
In delete task, the event consumed double the time of addition task in case of React JS making it
approximately 46ms, still it performs better than JS that consumes around 8300ms.

In all the above scenarios, JS consumes an extra loading time to re-render the entire page whereas
React skips this because React uses virtual DOM and renders what is changed rather than loading the
entire DOM.
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Fig. 5.7 Update item JS performance

Fig. 5.8 Update item React performance

5.2 Structure and Development time

The development of JS application uses event listeners because the application needed more than
one event. After all, it consists of a new-list click event, status change click event, and delete click
event. Using event listeners serves better preparation for the future though it may seem unlikely
in most cases, it would be predictable in most of the applications. Henceforth, avoiding the inline
events at the beginning stage of development, saved a lot of development and code update time.
Structuring the JS was not necessary as the model developed was very small. One of the most
signi cant dif culties working in an enterprise JavaScript environment is maintaining the consistency
across projects. Therefore the project structure must ideally allow it to feel familiar when revisited the
next time by other developers too. However, considering the future development, if the Javascript
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