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Abstract

Despite JavaScript libraries and frameworks growing in number over time, it is increasingly difficult for both
experienced and inexperienced developers to choose the appropriate one. There is currently no explicit review
process for developers to ensure that a framework matches the scope and objectives of their project. In order to
help developers choose the best framework for their project depending on their tastes and level of experience,
this study looks at the evaluation process. Because component-based React projects and traditional Angular]S
apps have distinct ideas, patterns, and structures, the transfer is challenging. This study outlines an easy,
affordable, and efficient way to switch from AngularJS to React apps. The research provides a framework with
comprehensive instructions for transforming the display layer of any conventional AngularJS application into a
component-based React application, while also comparing various approaches. Ng-React Copilot, a migration
support tool, was used to teach developers and automate the migration. The tool was created by converting the
framework's suggested major refactorings into a collection of detection methods and activating scanning against
the specified codebase. The utility works with popular integrated development environments and may be used
as a command-line tool. The framework and tool were tested on a subset of small, medium, and enterprise-level
Angular]S legacy applications, and the findings demonstrate that the study's conclusions are accurate.

Keywords: - JavaScript Libraries, AngularJS Application, Architecture, , Cost-Effective, Algorithms, Migration
Assistant, Ng-React Copilot,

I. INTRODUCTION Additionally, the templates were making the program

\ . less predictable.
Angular]S was a comprehensive framework that made it

possible to create web applications quickly. Following
the MVC design enabled developers to incorporate the
same ideas found in server-side frameworks into client-
side programming. Because AngularJS was used to build
sophisticated apps, the framework's shortcomings
became apparent within a few years [1]. Some of these
problems resulted from the way the framework was
embraced by the community, while others were caused
by the framework's fundamental design.

The scope and two-way data binding were extensively
used to facilitate communication between the controller,
the template, and other crucial AngularJS components
like Directives since the framework promoted MVC
design [1, 2]. Scope Soup code was recognised as this
anti-pattern. Although AngularJS's two-way data flow
initially seemed promising, it made it very difficult to
anticipate data modifications in big applications.
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Front-end frameworks and libraries have proliferated in
the area of web development in recent years, giving
programmers the tools they need to construct dynamic
and effective online applications. Notably, React and
Angular have become popular choices, each with unique
benefits and capabilities. Facebook created the
JavaScript framework React, which uses a virtual
Document Object Model (DOM) for efficient rendering
and stresses a component-based design.

On the other hand, Google's all-inclusive framework
Angular offers a more complete solution with integrated
services and application architecture guidelines. Because
of the widespread use of these technologies and the
continuous debate about their relative advantages,
understanding the differences between them is crucial for
developers and enterprises looking to create scalable and
maintainable systems [2, 3]. This thesis' main goal is to
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provide a comparative examination of React and
Angular, supported by real-world knowledge gained via
creating two web applications: one using React and the
other using Angular.

By analysing their advantages, disadvantages, and
performance in several areas, this research aims to
provide a sophisticated understanding of how these
frameworks align with various project requirements and
development contexts.

Java script has gained popularity since HTML's
revolution. The fact that client-side scripting is just as
crucial as server-side scripting is widely acknowledged.
When smartphones and other mobile devices were
introduced, cross-platform application compatibility
became a difficult topic. A growing number of new
systematic JavaScript scripts were created as a result of
this need. They included jQuery. As the most dependable
and quick JS library, jQuery contributed to the reduction
of code lines [3, 4]. Soon, this turned into a revolution.
Numerous jQuery plug-ins were made available, each
capable of solving a thousand different issues in a
thousand different ways. To improve Java Script's
resilience, experience, and productivity, Google released
the Angular]S framework. Since Angular]JS is MVC, it
has received a lot of praise and criticism so far.

Client-side front end developers have taken notice of the
declarative programming approach it introduced, and as
a result, the majority of businesses have already ceased
using jQuery and are switching to AngularJS [3, 4]. In
the user's perspective, Angular]S functions similarly to
an application and doesn't need additional server-side
interaction to calculate the front-end code. For single-
page web applications that need to function really well,
Angular]S is popular.

In almost every developer forum, one of the most recent
subjects of discussion is AngularJS vs. jQuery. Since
both frameworks are front end orientated and
optimisation and compression are methods that may be
used to enhance speed rather than migrate, some
individuals argue that it is not worth switching from
jQuery to Angular]JS. Others argue that with the growing
popularity of MVC-based frameworks, AngularJS is the
ideal moment to replace jQuery, which has grown
outdated.

Today's most widely used browser programming
language, JavaScript, was created especially for creating
event-based user interfaces that work in a web browser.
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For this reason, they are best suited to create client-side
applications [6, 7]. In recent years, they have also
evolved into a general-purpose computing platform that
works with browsers as well as other programs like office
suites and Rich Internet Application frameworks like
Google Web Toolkit, Qooxdoo.org, Cappuccino.org, and
others.

It had been seen that in the research conducted, they
compared jQuery library with BackboneJS in 2015. They
created an easy-to-use application utilising three distinct
frameworks: BackbonelS, jQuery, and plain JavaScript.
In order to make the browser load faster since there
would be less space, they utilised compressed versions of
all frameworks [7, 8]. Simple CRUD tasks, such as
creating, reading, updating, and deleting forms inside the
application, were to be carried out by it.

When applied to my situation, the 2013 study was an
intriguing endeavour. In areal-time setting, he attempted
to contrast the JavaScript BackboneJS and Angular]S
frameworks. He used the open-source to-do MVC
application with HTML local storage as the foundational
layer for his testing. using the aid of test environments
constructed using PhantomJS, the DOM performances of
the two comparable apps were examined [5, 6].
According to his investigation, AngularJS performs
better than Backbone]S when handling several DOM
entries at once, but it exhibits a delay while handling a
single item in a DOM 1000 times.

Some developers at Stack Overflow, the largest online
community of developers from around the world who
support and contribute to each other's work, have
expressed a slight concern that using a lot of these
plugins in an application could make it weak overall
because not all the libraries will always adhere to each
other firmly, even though jQuery is one of those
frameworks that makes programming easier [5, 6].

Instead of being a library, Angular]S is a JavaScript
framework that facilitates the extension of HTML into a
more legible and expressive language. Angular HTML is
embellished with unique markup that works in tandem
with JavaScript [5, 6]. As a result, you may stop manually
changing views and concentrate on building your
application logic. Angular is perfect for rich interactive
frameworks and contributes to cleaner, more efficient
code.

Numerous JavaScript frameworks are available. jQuery
is the most popular. The most popular framework for Ul
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design is this one. completed a stunning analysis of the
jQuery framework's performance. They have effectively
raised awareness of the benefits and drawbacks of jQuery
in an assessed manner.

1.1 Migration strategy

Several well-known code migration techniques are used
in the industry, including the Big-Bang approach, which
calls for converting the entire codebase from the old
technology to the new technology in a single attempt, the
Side-by-Side approach [5, 6], which splits the old and
new applications at the entry level so that they can run
side by side, and the Bottom-Up approach, which enables
developers to gradually incorporate the new technology
by applying it to small portions of the application where
the changes can be isolated without affecting the entire
application.

1.2 Prepare AngularJS code for migration

The view layer of the legacy application, which consists
of templates and directives, is the simplest code to begin
the conversion, according to AngularjS migration
projects that have already been completed. AngularJS
directives are more similar to React components [7, 8].
The templates may be readily converted to components
by dividing them up into appropriate directives. These
little adjustments made to the program make its code
easier to work with without altering its functionality.

When a directive is converted to a single React
component, first group all of its code together so that old
code may be removed and transferred simultaneously [7,
8]. Next, because React is always element-based, prefer
directives as elements to attributes, comments, or classes.
React encourages the usage of plain Java script for
converting custom directives [23, 24]. The second option
is to do away with Angular translation, which is a
complex idea in AngularJS and is absent from React.

Previous study advises removing it as soon as feasible
since it makes the template behaviour very wasteful. In
a similar manner, a distinct HTML template may be
injected into a parent template using the ng-include
directive, indicating that the injected HTML is a stand-
alone piece of user interface [8, 9]. Accordingly, earlier
studies recommend isolating the Ng and including Uls as
directives.

The converted component's Angular]JS-specific
functionalities should be replaced [9, 10]. It is necessary
to substitute JS-specific features or their React
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counterparts for the many AngularJS capabilities
included in the directive templates. The options are
shown in the following Table 1.

Table 1 Other Options for AngularJS Functionalities.

[22]
AngularJS React
$http Fetch or Axios
Native support in
5 ES6
$timeout/$interval Native timeout

$document/ $window

Native document
and window

$formats/$validators/$parsers

Vanila JS to
format, Validate
and parse data.

Ng-form, Filters, ng-extend,

Ng-minlength, ng-maxlenght,
ng-disable, ng-required

il
Angular. merge fanila s
React-
Angular. Element ] goct-dom o
JQuery
Angular. For Eac, angular.
Lodash
Extend, angular. Merge >y
Ng-class, ng-show, ng-if, ng- | Vanilla JS
hide conditions
Minlength,

Maxlenght, disable
and Required

Default HTML
Validation
ngRoute/angular-Ui-router React router
E
Protractor oo
Nightwatch.js

$httbackend , Dependency

Jest or Re-wire

injection
Component  Did
g Mount(),
Ng-init, $SonDestroy Component Wil
Unmount()
Ng-model Default Value
Ng-click OnClick

Directive bindings may be immediately transformed to
props in the component by using props to specify the
inputs and outputs of a React component. It is advised to
declare props in the PropTypes section, which aids in
program validation and helps programmers determine
the inputs and outputs the component supports. The
directive logic must then be migrated into the component
when the props have been defined [9, 10].Because
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AngularJS and React have separate lifecycle event
systems, it is important to properly move the code into
Angular]JS components. These factors make moving the
logic the most difficult and error-prone part of the whole
conversion process, thus it should be done carefully [12,
13].

React2 Angular middleware may be used to wrap a React
component in a pseudo-Angular directive after the React
component is complete. This allows the Angular]S
application to connect with an Angular directive rather
than a React component [9, 10]. React components may
work together effortlessly inside the Angular]S
framework thanks to the pseudo directive. The
Angulag2React middleware's functionality is shown in
Figure 1.

Meonitoring system [ Middleware

Control System B Application Service Interface

Stored Data Scarch Context-Awan I —
Management vent Service

Alert Event Data
Control the Context Alert Event Data
Control the Context

i i
! t

[ Data Service Manager ‘

[ Service Analysis & Query Translation ‘

DB Controller
Store data to DB
Data Management

Sensor Network Interface

Sensor Node 4

Gateway

Fig. 1 How React2 Angular middleware facilitates data
flow. [22]

When an excessive number of characteristics are sent
down via the intermediate components, separate the
container components from the presentational ones. The
presentational components are in charge of handling user
interactions and rendering the user interface [9, 10].
Typically, container components transmit information to
presentational components after communicating with
backend servers and services [20, 21]. Container
components are mostly located on top of the component
tree and are primarily concerned with how things
operate, whereas presentational components are located
at the bottom of the tree and are exclusively concerned
with appearance.

1L METHODOLOGY
2.1 Choosing the migration strategy

In the highly competitive web application sector, the Big-
Bang strategy may be quite risky. The stability may be
impacted by the massive codebase duplication caused by
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the side-by-side method. One of Angular and React's
primary benefits is that React can easily coexist with
Angular]S by acting as the View layer. Additionally,
React is a fairly lightweight library [11]. Taking into
account each of these strategies, the Bottom-Up strategy
was selected with less migration-related repercussions.

2.2 Migration framework

When transitioning AngularJS apps to React, the 23-step
incremental modifications covered in the literature study
section may be used as a generic kind of refactoring. To
create a framework that was both relevant and simple to
recall, those refactorings were grouped [12]. The best
grouping criteria, given the environment in which this
framework is used, were to categorise them according to
their function and the time they are used. The
corresponding groups and refactorings are shown below
[20].

Group 1: Break the application to directives

Refactoring #1: Put all of a directive's code in one place.

Refactoring #2: Give preference to directives as
elements over classes, comments, and attributes.

Refactoring #3: Get rid of transclusion

Refactoring #4: Use a directive in lieu of ng-include.
Refactoring #5: Extract a directive's root controller
Refactoring #6: As a directive, extract the controller.
Refactoring #7: Take a directive out of big templates.

Group 2: Define the input/outputs and isolate the
directive

Refactoring #8: Change the external reference to bound
inputs.

Refactoring #9: Use bound outputs in lieu of the external
impact.

Refactoring #10: Separate the scope of the directive

Refactoring #11: Use bound output in lieu of state
mutation.

Refactoring #12: Use one-way data binding instead of
two-way data binding.

Group 3: Convert the directives to React components
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Refactoring #13: In the React component, convert the
directive template to JSX.

Refactoring #14: Change the characteristics unique to
AngularJS that were used in the converted component.

Refactoring #15: The directive bindings should be
moved as component props.

Refactoring #16: Transfer the component's directive
logic.

Group 4: Bind the React component to AngularJS

Refactoring #17: Use the React2Angular middleware to
bind the React component to AngularJs.

Group 5: Miscellaneous changes

Refactoring #18: When too many characteristics are sent
down via the intermediate components, separate the
presentational — components  from  the
components.

container

Refactoring #19: Import the angular service into the
container component after converting it to a JavaScript
module.

Refactoring #20: Import the angular service into the
container component after wrapping it as a JavaScript
module.

Refactoring #21: Present a Ul framework that offers
form widgets that are preferred by React.

Refactoring #22: Use custom directives to migrate
widgets to components.

Refactoring #23: Transfer validations, sanitisation, and
formatting to services

Evaluate Approach m Benefits
Classifiet i
Big Bang Data Migration
_— Legogy |___ New
: ‘ B
Asymmelic
EE|  sroimstorn |
b sigeunen __J

Profiling source &
i

Agile Data Migration

d =
New
Buld Strong Agile Choosing the Test & Validate m‘;’:"
Teams right acelerators Migrated Data
Processes

Best Practices

+ Applcation Migraion
+ Patform Migration
+ Database Migration
* Storage Migration

Post.migration
activities

Create and follow
2 Migration Plan

Fig. 2 The migration framework's workflow. [14]
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1. IMPLEMENTATION
3.1 Automating the migration workflow

There are many degrees of automation that allow the
process to be completely automated without the need for
human involvement. Semi-automation is chosen as the
method to automate the workflow in accordance with the
project's scope in order to prevent unforeseen faults from
being introduced into automated code [13]. One
refactoring, #13, was discovered as a potential code
generation, and nine refactorings, #1, #2, #3, #4, #6, #7,
#12, #14, and #15, were identified as potential
refactorings to detect.

3.2 Consolidated migration assistance tool

The Angular]S to Angular conversion process is
automated using an existing solution called Angular
Copilot. It had an impact on the development of the "Ng-
React Copilot" AngularJS to React migration tool.
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L) |
Layout

—<<Robter>

“Contaly <Contai 3 <<Contair

<SContaitbr>

2] g]
CardListView

Login SignUp

=

Train

<<Comporfht}

o ]

Cards Form

Fig. 3 Diagram of components for Ng-React Copilot.
[16]

The Ng-React Copilot tool is available for direct
download from GitHub for developers to use. In order to
start the tool as "node index.js," the developer might
provide the directory path to scan as the first parameter.
The three scan modes that Ng-React Copilot operates in
are code creation, analysis, and data extraction [11]. The
project's metadata is extracted in the Extract Data mode
and utilised in the Analysis mode. Analyse mode
scanning is used by the program after data extraction.
After the scan is finished, [12], the application will
compile all of the findings and provide the user with a
summary of the findings.
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Fig. 4 Summary report for Ng-React Copilot. [18]

Iv. RESULT AND EVALUATION

Based on their size and breadth, we established three tiers
of benchmark apps to assess the Ng-React Copilot tool.
These categories are,

e Small apps with simpler AngularJS code are an
example. For this category, benchmarking apps
are chosen from among the Angular]S
PhoneCat applications available on the official
AngularJS websites [13].

e Medium level programs, which are full
applications designed for server-specific uses
rather than starter apps. "Angular-app" is
chosen as the benchmarking application for this
category from among the Angular]S apps
posted on GitHub [17, 18].

e Candidates for this category include enterprise-
level applications with bigger and more
complex code bases.

Orange HRM Enterprise was chosen as the
benchmarking application for this category since it is an
HR solution that is based on Angular]JS. The refactorings
found at each level of the migration are summarised in
the following Table 2.

Table 2 An overview of every detected refactoring.

Total files
Refactoring
occurrences

Refactoring #1 26 88 1001
Refactoring #2 42 45 631
Refactoring #3 - -
Refactoring #4 - -

Applications Levels

Small | Medium | Enterprise

Refactoring #6
Refactoring #7 - -
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Refactoring
#12
Refactoring
#13
Refactoring
#14
Refactoring
#15
4.1 File search efficiency of Ng-React

Copilot

The tool's speed was within an acceptable range since the
scan times for all three instances were less than 10
seconds. There was a problem since it produced a lot of
false positives by failing to exclude library files that
weren't in the designated directories [16].

4.2 Migration flow

Compared to enterprise-level apps, the migration of
small applications was very simple. The ability of simple
migrations is diminished as logic and code complexity
rise.

4.3 Speed of migration

The ability to automatically construct the React
component from the directive template and highlight the
AngularJS-specific usages is the most -effective
automation step of the Ng-React Copilot tool.
Refactoring the current AngularJS code to create separate
directives takes up most of the work [16, 19]. The
migration accelerated when the isolated directions were
withdrawn [16]. Developers must address the current
scope soup inefficiencies in order to create separated
directives from AngularJS code.

4.4 Accuracy of Ng-React Copilot

During the scanning process, several false positives were
found, despite the refactoring detection's generally high
accuracy. All instances of the ng-controller directive's
use were highlighted in "Refactoring #6," although some
of them are required at the Angular]JS component tree's
root level. The Ng-React Copilot tool helped with
"Refactoring #15," however it identified the variables as
false positives when they were within JSX in-line
routines.

V. CONCLUSION

A framework and tool for moving the display layer of
older Angular]JS apps to more recent React-based apps
are proposed in this project. Application migration at the
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small, medium, and enterprise levels was used to test the
suggested framework and tool, and the findings indicate
that the suggested approach works well at all three levels.
The automation tool has to be enhanced to include the
manual refactorings that were not discovered in the
framework in order for it to be helpful in enterprise-level
application migration, even if the framework meets the
majority of the requirements for such migrations.

It is necessary to manually configure the Ng-React
Copilot. The Ng-React Copilot tool, which displays all of
the refactorings simultaneously, does not represent the
migration procedure that the framework offers. This
leaves the user unsure of where to begin the transfer
procedure. The AngularJS application's leaf nodes cannot
be automatically identified in order to initiate the
transfer. Most time-consuming phases in the business
application conversion process, such converting
controllers to directives, preventing scope soup in the
code, isolating directives, and moving the functionality
of the directives, are not automated by the tool. The
framework leaves it up to the developer to make
judgements since it offers no ways to prevent coupling
between external libraries.

It is necessary for the developer to determine whether or
not the false positives found in the NgReact Copilot tool
are false positives. It is ineffective and misleading.
React's methods vary from the direct DOM
manipulations used in other libraries like Jquery-based
controls, making the conversion challenging when
AngularJS Ul relies on them. With incompatible JS event
systems, the same problem existed. Since they are
beyond the purview of this study, the JSX syntaxes and
the rules for the newest React features, including React
hooks, will not be covered in comprehensiveness.

VL FUTURE WORK

The following ways have been suggested to get around
the restrictions. To allow for customisation according to
the kind of application, the Ng-React Copilot tool should
be improved to take settings via a configuration file.
Enhancing the tool to detect the use of the AngularJS
directive in the code is preferable. To begin the migration
process, make a component map and highlight the leaf
nodes. There should be further investigation on the most
popular couplings between AngularJS and other libraries,
as well as some recommendations for standardising their
refactoring. For instance, Jquery and Angular]JS are used
in the majority of apps; more study is needed to
determine how to transfer such direct DOM manipulation
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functionality into React. That information needs to be
included in the Ng-React Copilot tool.

The Ng-React Copilot tool's detection algorithms need to
be enhanced in logic to prevent false positives. To
provide the developer a clear picture of the effort, it
would be beneficial if the tool could estimate the number
of lines in the code that would be associated with the
identified refactorings. To identify further framework
and tool restrictions and enhancements, the assessment
should be carried out by running enterprise applications
through their whole lifecycle from bottom to top. For
instance, there are no instructions in the suggested
framework on how to switch an AngularJS application's
routing to React. Currently, developers are free to choose
how to set up React and other necessary libraries in an
Angular]S application, since this framework does not
cover these steps or instructions.
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